
ypertensive heart disease (HHD) can be defined as
the response of the heart to the stress imposed on
the left ventricle by progressively increasing arte-

rial pressure. HHD is characterized by complex changes in
myocardial composition that are responsible for the struc-
tural remodeling of the myocardium.1 Whereas cardiomyo-
cyte hypertrophy leading to left ventricular hypertrophy
(LVH) is the adaptive response of the heart to pressure
overload in an attempt to normalize systolic wall stress,
alterations in the non-cardiomyocyte compartment of the
myocardium (eg, proliferation and activation of fibroblasts,
transformation of fibroblasts to myofibroblasts) can lead to
fibrosis that, in turn, may facilitate the transition to heart
failure and other cardiac alterations (eg, reduction of coro-
nary flow reserve and development of arrhythmias).2,3

Therefore, because myocardial fibrosis represents the mal-
adaptive response of the heart to arterial hypertension,
strategies aimed at its detection and treatment must be de-
veloped.

Pathophysiological Aspects
An exaggerated accumulation of collagen type I and III

fibers within the myocardial interstitium and surrounding
intramural coronary arteries and arterioles has been consis-
tently found in a number of studies performed in postmortem
human hearts4–6 and endomyocardial human biopsies7–10 in
patients with HHD (Fig1). Hypertensive myocardial fibro-
sis is related to the disruption of the equilibrium between the
synthesis and degradation of collagen type I and III mole-

cules, as a consequence of a number of pathologic processes
mediated by mechanical, neurohormonal and cytokine
routes.11,12 Although an association has been found between
severe myocardial fibrosis and left ventricular (LV) systolic
dysfunction in patients with HHD,13,14 the degree of myo-
cardial fibrosis has been shown to be a critical determinant
of the deterioration of some parameters used to assess LV
diastolic function in these patients.15–17

Diastole consists of an early, rapid filling phase related
to active cardiomyocyte relaxation and a late, passive phase,
which is dependent upon the elastic properties of the LV.
Diastolic dysfunction refers to abnormalities in LV relaxa-
tion secondary to a reduced velocity of relaxation of hyper-
trophied cardiomyocytes, and a reduced LV distensibility
because of increased passive stiffness of a fibrotic myocar-
dium.18 Therefore, diastolic dysfunction is the hemodynamic
hallmark of HHD and heart failure with preserved ejection
fraction, and severe diastolic dysfunction is characteristic
of patients with HHD in the absence of advanced ischemic
heart disease.19

Diagnosis of Myocardial Fibrosis
Although microscopic examination of cardiac biopsies is

the most reliable method of documenting and measuring
myocardial fibrosis, it is invasive and not useful for wide-
scale application, as well as being subject to sampling error.
Thus, the development of noninvasive methods to indicate
the presence of LV fibrosis in hypertensive patients would
have a broad application.

Non-Invasive Physical Methods
Ultrasonic tissue characterization can identify and char-

acterize the physical or physiological state of the myocar-
dium based on analysis of the interactions between ultra-
sound and the tissue.20 It is based on the principle that the
interaction of ultrasound waves with normal myocardial
tissue results in reflected ultrasonic signals that exhibit
characteristics different from those obtained when ultra-
sound interacts with abnormal tissue (eg, fibrotic tissue).21

These characteristics are amenable to quantification (one of
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Although hypertensive heart disease (HHD) is clinically characterized by development of left ventricular hyper-
trophy in the absence of a cause other than arterial hypertension, changes in the composition of myocardial tissue
also develop in arterial hypertension, leading to structural remodeling of the myocardium (eg, fibrosis). Myo-
cardial fibrosis is the major determinant of diastolic dysfunction/failure in patients with HHD. Recent available
data on the determination of serum concentrations of collagen-derived serum peptides, as well as quantitative
analysis of echoreflectivity to address the presence of fibrosis in the myocardium of hypertensive patients, are
promising. In addition, preliminary data suggest that the goal of reducing myocardial fibrosis is achievable using
specific pharmacological agents in patients with HHD.
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the approaches being the measurement of tissue-integrated
backscatter), that defines the myocardial structure and func-
tional attributes. In this regard, an association between altera-
tions in echoreflectivity, namely diminution in the cyclic
variation of the backscatter signal, and an increase in
fibrous tissue has been shown in the hearts of hypertensive
patients.7,22

Non-Invasive Biochemical Methods
Emerging experimental and clinical experience holds

promise for the determination of various serum peptides
derived from the metabolism of collagen type I in arterial
hypertension.23 More specifically, the serum concentrations
of the carboxy-terminal propeptide of procollagen type I or
PICP (a peptide that is cleaved from procollagen type I
during the synthesis of fibril-forming collagen type I by the
enzyme procollagen type I carboxy-terminal proteinase or
PCPase) has been shown to be associated with both the
volume of myocardial tissue occupied by collagen fibers10

and the activation of the enzyme PCPase24 in patients with
HHD. In addition, changes in serum PICP concentration in-
duced by antihypertensive treatment have been shown to be
associated with changes in the volume of myocardial tissue

occupied by collagen fibers (Fig2).17,25 It has been recently
found that the concentration of PICP is significantly higher
in the coronary blood than in the peripheral blood of pa-
tients with HHD, but not in normotensive subjects.14 In the
same study, PICP measured in peripheral blood was found
to be associated with PICP measured in coronary blood and
with the amount of collagen type I fibers present in the myo-
cardium (as assessed immunohistochemically).14 Collective-
ly, these findings suggest that circulating PICP is a reliable
index of the extent of collagen type I-dependent fibrosis in
the human hypertensive myocardium.

Interestingly, an association has been found between
diminished cyclic variation of backscatter and an increased
serum concentration of PICP in hypertensive patients.26,27

Thus, the combination of these 2 parameters may be useful
for the noninvasive diagnosis of myocardial fibrosis asso-
ciated with hypertension.

Treatment of Myocardial Fibrosis
To reduce the extent of collagen accumulation in the LV

may be relevant in both improving the diagnosis of HHD
and optimizing the prevention of heart failure and adverse

Fig2. Histological section of a myocardial specimen biopsy from a patient with hypertensive heart disease before (Left
panel) and after (Right panel) 1 year of treatment with the angiotensin type 1 receptor blocker losartan. Picrosirius red
stain; ×20. CVF, myocardial collagen volume fraction; PICP, carboxy-terminal propeptide of procollagen type I; KLV, left
ventricular chamber stiffness (adapted from reference 17).

Fig 1. Histological section of a myocardial
specimen biopsy from a patient with hyperten-
sive heart disease showing interstitial fibrosis
(Left panel, fibrosis signaled within the rectan-
gles) and perivascular fibrosis (Right panel,
fibrosis signaled by arrows). Picrosirius red stain;
×20 (adapted from reference 17).
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cardiovascular events in patients with this condition.28

Brilla et al showed that treatment with the angiotensin-
converting enzyme inhibitor, lisinopril, but not with the
diuretic, hydrochlorotiazide, reduced myocardial fibrosis in
patients with HHD, independent of blood pressure control
and LVH regression, and that this was associated with
improved LV diastolic function.29 My group has shown that
treatment with the angiotensin II type 1 (AT1) receptor
antagonist, losartan, was associated with inhibition of
collagen type I synthesis and regression of myocardial
fibrosis in patients with essential hypertension, whereas
hypertensive patients treated with the calcium-channel
blocker, amlodipine, did not show significant changes in
collagen type I metabolism or myocardial fibrosis.25 Inter-
estingly, the effect of the 2 agents on blood pressure was
similar throughout the treatment period. It has also been
reported that the ability of losartan to induce regression of
severe myocardial fibrosis is independent of its capacity to
reduce blood pressure or LV mass, but is associated with a
diminution of myocardial stiffness in patients with HHD
(Fig2).17

Recently, López et al reported that the loop diuretic,
torasemide, but not furosemide, significantly reduced car-
diac fibrosis in biopsy specimens from hypertensive patients
with symptomatic heart failure.30 This finding is in agree-
ment with recent experimental data obtained in rats with
induced heart failure.31,32 Of interest, the antifibrotic effect
of torasemide was shown to be associated with its ability to
inhibit PCPase activation in the myocardium of heart fail-
ure patients.24 Interestingly, torasemide, but not furosemide,
has been reported to prevent cardiac uptake of aldosterone
in heart failure patients,33 and to block the binding of the
hormone to the mineralocorticoid receptor.34 Because aldos-
terone has been found to increase PCPase activity in cultured
rat cardiac fibroblasts,35 it is possible that the antifibrotic
effect of torasemide in heart failure patients is related to
interference with the fibrogenic actions of aldosterone at
the PCPase level.

Future Developments
At the Diagnostic Level

Magnetic resonance imaging is a promising technique
for characterizing the composition of the myocardium.
Tissue characterization with the contrast agent gadolinium
is well validated and provides insights to the quantification
of ischemic and nonischemic fibrosis.36 In the setting of
chronic myocardial damage, exaggerated collagen deposi-
tion expands the interstitial space, which leads to increased
gadolinium concentration and therefore late gadolinium
enhancement.37 In this regard, it has been reported recently
that late gadolinium enhancement had a strong correlation
with histologically assessed myocardial fibrosis in patients
with arrhythmogenic right ventricular cardiomyopathy.38

Therefore, image texture analysis appears to be a fertile area
for research into the noninvasive assessment of myocardial
fibrosis in HHD.

Particularly exciting are the emerging molecular imaging
techniques incorporating the use of targeted and activatable
molecular probes with the modalities of SPECT, PET, and
optical imaging to detect adverse remodeling that represents
changes at the tissue, cellular or molecular level.39 Some of
these probes are of interest for the assessment of the dynam-
ic balance between synthesis and degradation of collagen,
with a stable yet dynamic turnover in the normal heart. For

example, myocardial collagen degradation is regulated
through the action of matrix metalloproteinases (MMP).
Both 111indium- and 99mTc-radiolabeled ligands have been
synthesized and used to assess MMP activity in infarcted
myocardium by planar and SPECT imaging in a murine
model.40 Even more, a near-infrared fluorescent probe for
evaluation of MMP activity was synthesized and evaluated
recently in an experimental model of myocardial infarc-
tion.41

At the Pharmacogenomic Level
The knowledge of polymorphisms in genes that potential-

ly influence pharmacodynamic mechanisms would allow
the identification of individuals who are likely to have
beneficial responses to treatment with a particular drug.
Based on various lines of evidence suggesting that systemi-
cally and/or locally produced angiotensin II may participate
in the development of myocardial fibrosis in HHD via acti-
vation of AT1 receptors,42 my group investigated the poten-
tial role of the A1166C polymorphism of the AT1 receptor
gene.43 Patients with HHD were studied before and after 
1 year of treatment with losartan or theβ-blocker atenolol.
Baseline PICP was significantly increased in AA hyperten-
sive subjects compared with AC/CC hypertensive patients.
Confounding factors were similar in the 2 subgroups.
Administration of losartan was associated with a significant
reduction in PICP in AA hypertensive, but not AC/CC hy-
pertensive, patients. Treatment with atenolol did not change
PICP in either subgroup. Blood pressure was reduced to the
same extent in the 4 treatment subgroups. If these results
were confirmed by larger, prospective, double-blind studies,
the genotype of the A1166C polymorphism of the AT1 re-
ceptor gene could be a useful indicator for antihypertensive
drug therapy aimed at reducing myocardial fibrosis in pa-
tients with HHD

At the New Therapeutic Strategies Level
Recent experimental work has been conducted to exam-

ine alternative potential therapeutic strategies. It has been
reported that the antiinflammatory drug tranilast44 and the
natural inhibitor of hematopoietic stem cell proliferation,
Ac-SDKP,45 reduce myocardial inflammation and fibrosis in
rats with experimental hypertension through mechanisms
probably related to inhibition of transforming growth
factor-β. Fenofibrate, a peroxisome proliferator-activated
receptor-α(PPAR-α) agonist, reportedly reduces fibrosis in
the heart of rats in different models of experimentally-
induced hypertension.46–49 It is possible that the antifibrotic
action of PPAR-α stimulation is the result of increased
repression of pro-inflammatory genes (eg, NF-κB).50 The
inhibitor of the ubiquitin-proteasome system, MG132, has
been shown to suppress fibrillar collagen expression in
isolated fibroblasts and to reduce myocardial fibrosis in
spontaneously hypertensive rats.51 Although the exact mech-
anisms underlying these effects remain to be elucidated, a
complex interplay of transcription factors has been im-
plicated in the regulation of collagen promoter, involving
several substrates of proteasomal protein degradation, such
as NF-κB, AP-1, SP-1, and p53.52 It has been shown that
statins prevent the cardiac fibrosis that develops in different
rat models of hypertension.53–55 Preliminary data suggest
that the antifibrotic effect of statins is the result of a direct
action on signals that cause fibroblast growth and activa-
tion.56 Finally, recent findings demonstrate that activation
and overexpression of adenylyl cyclase inhibits adult rat
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myofibroblast formation and collagen synthesis,57 thus pro-
viding a rationale for strategies aimed at increasing cyclic
AMP levels in cardiac fibroblasts. Collectively, all these
findings open new and attractive approaches to interfering
with myocardial fibrosis, although clearly, more extensive
work is required to justify their possible application to the
treatment of HHD.

Conclusions
The time has come to revisit the current management of

HHD that is simply focused on detecting LVH and con-
trolling blood pressure to reduce LV mass. In patients with
HHD, it is necessary to develop new approaches aimed at
assessing and repairing changes in collagen turnover that
predispose to fibrosis and contribute importantly to the
functional and structural abnormalities that cause progres-
sive cardiac dysfunction. Recent findings suggest that moni-
toring circulating markers of collagen type I turnover in
combination with echocardiographic assessment of myocar-
dial texture might provide important diagnostic information
with respect to ongoing adverse myocardial fibrosis in pa-
tients with HHD. In addition, preliminary data suggest that
using specific therapies targeting the regulation or activation
of the enzymes responsible for fibrillar collagen turnover
homeostasis might represent novel opportunities to modify
the natural progression of HHD. Collectively, all this infor-
mation sets the stage for large and long-term clinical trials
aimed at determining whether the assessment and reversal
of myocardial fibrosis in HHD are definitively associated
with beneficial effects on the patient’s prognosis.
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