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Myocardial fibrosis detected by cardiac magnetic resonance imaging in
heart failure: impact on remodeling, diastolic function and BNP levels

Kalp yetersizlidinde kardivak manyetik rezonans gortintiileme ile saptanan miyokardiyal fibrozis:
Yeniden sekillenme, divastolik fonksiyon ve BNP seviyeleri tizerine etki
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ABSTRACT

Myocardial fibrosis, progressive over-accumulation of extracellular matrix (ECM) components in cardiac muscle, defined as a key component
of heart failure and since then various studies showed a strong connection between fibrosis and progression of heart failure. The impaired left
ventricular diastolic and systolic functions that are originated by fibrosis are used to predict poor clinical outcome in dilated cardiomyopathy.
Even though endomyocardial biopsy is still considered as a gold standard, various noninvasive imaging techniques have been used to detect
presence, location and extend of myocardial fibrosis. Cardiac magnetic resonance emerged as a crucial noninvasive imagining technique
because of its high accuracy and high fidelity in detection of fibrosis. The noninvasive assessment of fibrosis is advantageous in early prediction
of possible adverse outcomes and creates an opportunity to utilize new therapeutic approaches that target fibrosis in heart failure.

(Anadolu Kardiyol Derg 2011 1: 71-6)
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OZET

Miyokardiyal fibrozis kalp kasinda ekstraseliiler matriks bilesenlerinin progresif birikimidir. Fibrozis ve kalp yetersizligi progresyonu arasindaki
kuvvetli iliski gosterildiginden beri kalp yetersizliginin anahtar bir bileseni olarak kabul edilmektedir. Fibrozisin sebep oldugu bozulmus sol vent-
rikiil diyastolik ve sistolik fonksiyonlar; dilate kardiyomiyopatide kotii klinik sonlanimin dngordiiriiciileridir. Endomiyokardiyal biyopsi, altin
standart olarak gdsterilse de miyokardiyal fibrozisin varligini, yerlesim yerini ve yayginligini saptayabilen cesitli noninvaziv gériintiileme teknik-
leri bulunmaktadir. Kardiyak manyetik rezonans; fibrozisin saptanmasindaki yiiksek dogruluk ve giivenirliligi sebebiyle énemli bir noninvaziv
goriintiileme teknigi olarak belirmistir. Fibrozisin noninvaziv degerlendirilmesi; olasi kdtii sonlanim noktalarinin erken éngdriilmesinde avantajli
olabilir ve kalp yetersizliginde fibrozisi hedef alan yeni terapétik yaklagimlardan yararlanma firsati yaratabilir.

(Anadolu Kardiyol Derg 2011 1: 71-6)

Anahtar kelimeler: Miyokardiyal fibrozis, kardiyak manyetik rezonans, kalp yetersizligi, yeniden sekillenme, natriiiretik peptit

ischemic dilated cardiomyopathy (NICM), myocardial fibrosis
has been observed pathologically (2). A histological analysis of
dilated cardiomyopathy reveal changes in collagen content at

Introduction

The presence of myocardial fibrosis is an important aspect

of heart failure (HF) and an index of poor prognosis. Cardiac
fibrosis can be defined as progressive accumulation of extracel-
lular matrix (ECM) components like collagens I, 1ll, IV, laminin,
fibronectin within the myocardium (1). In patients with non-

the protein level, an increase in the absolute amounts of both
type | collagen and type Il collagen, while a significant increase
is observed in the ratio of type | collagen to type Il collagen (3).
Several neurohumoral or growth factors such as angiotensin Il
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(Ang 1), endothelin-1 (ET-1), cardiotrophin-1 (CT-1), norepineph-
rine (NE), aldosterone, fibroblast growth factor 2 (FGF2), platelet-
derived growth factor (PDGF), and transforming growth factor-
alpha (TGF-alpha) have been implicated in the development of
cardiac fibrosis (4).

Fibrosis can be reparative or reactive; “reactive” fibrosis, in
which collagen accumulates in perivascular and interstitial tis-
sue, is not accompanied by myocyte loss while in “replacement
(reparative)” fibrosis myocyte loss and secondary microscopic
scarring is detected (5). The distribution and extent of fibrosis
depend on the etiology of the heart failure. Ischemic cardiomy-
opathy is characterized by areas of reparative fibrotic scarring
that typically involve the subendocardium (6) and it can be also
detected in remote areas other than ischemic scar (7). Although
both reparative and reactive fibrosis occurs in the non-ischemic
cardiomyopathy, reactive fibrosis usually predominate the
deranged myocardial histology (8). Late gadolinium enhance-
ment in CMR indicates different fibrosis patterns between isch-
emic and non-ischemic cardiomyopathy. In ischemic cardiomy-
opathy subendocardial and transmural enhancementis observed
while in NICM usually patchy or longitudinal stria of midwall
enhancement is more common (9).

Since myocardial fibrosis augment left ventricular (LV) stiff-
ness, reduces LV compliance, impairs the diastolic and systolic
function and decreases the cardiac output (2), evaluation of the
presence and degree of cardiac fibrosis is crucial. In this review
we will portray advantages of cardiac magnetic resonance
imaging for detecting cardiac fibrosis and its importance in
clinical practice, moreover we will discuss how CMR based
approach may provide insights for prognostic determinants of
non-ischemic cardiomyopathy such as LV remodeling, diastolic
dysfunction, brain natriuretic peptide levels.

Cardiac fibrosis and cardiac magnetic resonance

Tissue biopsies are used for verification of cardiac fibrosis
traditionally, but the evolution of noninvasive imaging techniques
and the advances in biochemical assays for detection of serum
collagen biomarkers provides new avenues to reveal myocardial
fibrosis (10). Noninvasive techniques such as echocardiography
(backscatter analysis, tissue Doppler imaging), nuclear imaging
(single-photon emission computed tomography-molecular label-
ing, positron emission tomography-perfusable tissue index),
cardiac magnetic resonance (delayed enhancement, T1 map-
ping, tissue tagging), collagen biomarkers (carboxy-terminal
pro-peptide of pro-collagen type | (PICP) and ratio of matrix
metalloproteinase type 1 to tissue inhibitor of metalloproteinase
type 1(MMP-1/TIMP-1)) have been used frequently for the
assessment of fibrosis (7).

Cardiovascular magnetic resonance (CMR) imaging is a use-
ful tool to evaluate myocardial function, morphology and tissue
structure. The indications for CMR in heart failure are reported
as serial assessment of biventricular structure, size, and func-
tion (11); viability assessment before revascularization (11); dif-
ferentiation of ischemic versus non-ischemic cardiomyopathy
(9); evaluation of specific cardiomyopathies (such as arrhythmo-

genic right ventricular cardiomyopathy, cardiac amyloidosis,
cardiac sarcoidosis) (11) and assessment of mechanical dys-
synchrony before resynchronization therapy (12).

Delayed enhancements on cardiac magnetic resonance
(DE-CMR) imply myocardial fibrosis regardless of the etiology of
the damage. The principle behind delayed contrast-enhance-
ment in CMR imaging is that gadolinium-based contrast agents,
which are inert and cannot cross the myocyte cell membrane,
diffuse passively and accumulate in the extracellular space and
demonstrate delayed washout from extracellular space areas
that are enlarged by fibrous replacement (13). Moreover, late
gadolinium enhancement (LGE) shows a strong correlation with
histological markers of fibrosis (14) and surrounding areas of
abnormal contrast enhancement can be used to obtain tissue
samples while performing an endomyocardial biopsy which in
turn would increase diagnostic yield (15). Figure 1 demonstrates
three different patients with various forms of late gadolinium
enhancement in CMR.

The detection of delayed enhancement in CMR is associated
with necrosis and irreversible fibrotic changes after myocardial
infarction (16) and reflects myocardial fibrosis in NICM (9).
DE-CMR is useful to detect presence, location, extend of myocar-
dial scar and it may give hints about the nature of the scar (16).
Ischemic fibrosis usually shows subendocardial and transmural
distribution of delayed enhancement whereas non-ischemic
fibrosis shows subepicardial even irregular and intramural distri-
bution of delayed enhancement (17). The extent of myocardial

Various forms of delayed enhancement in CMR
A: Transmural, B: Subepicardial
C: Subendocardial in location

Figure 1. Three different patients with various forms of late gadolinium
enhancement in CMR
CMR - cardiac magnetic resonance imaging
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fibrosis is as crucial as its location; diffuse subendocardial
delayed enhancement on CMR was linked to significant intraven-
tricular systolic dyssynchrony (18). The identification presence
and location of fibrosis by DE-CMR can assist to discern the
etiology of heart failure from ischemic to non-ischemic and
patient management is planned according to this simple categori-
zation. However in non-ischemic dilated cardiomyopathy, usually
diffuse interstitial fibrosis is observed and since itis hard to find a
nonfibrotic reference point in myocardium at a diffuse fibrosis
back-ground the implementation of delayed enhancement CMR is
limited (7). Contrast enhanced T1 mapping has been developed to
quantify diffuse non-ischemic myocardial fibrosis (19).

The prognostic importance of LGE in myocardial disease has
been documented in previous studies (20, 21) such that in
ischemic settings, LGE-CMR could provide support to predict
recovery of contractile function after revascularization (22) and
assist in detecting viability in transmural scars (23). In a survival
analysis, 349 ischemic cardiomyopathy were evaluated by LGE
CMR and scars that engage >30% of total myocardium was
detected as an independent predictor of death or indication for
cardiac transplantation (24). In another study, in symptomatic
dilated cardiomyopathy (DCM), mid-wall fibrosis determined by
CMR and an association with high rate of all cause mortality,
cardiovascular hospitalization even after adjustment for age, LV
function, and ventricular volumes was found (20). Moreover,
LGE-CMR can be used to detect arrhytmogenic substrate due to
fibrosis (25) and to distinguish the patients in need of sophisti-
cated therapeutic interventions such as implantable cardiovert-
er-defibrillators, biventricular pacemakers (12) and LV assist
device (26) in DCM. Finally, CMR is a favorable imaging alterna-
tive to serial CMR scans for monitoring disease progression and
effectiveness of treatment because it is high accurate/repro-
ducible while it doesn’t require ionizing radiation (11).

Cardiac fibrosis and LV remodeling

Cardiac remodeling is thought to be a key determinant of the
clinical outcome in heart disease and it is characterized by a
structural rearrangement of the cardiac chambers that involves
cardiomyocyte hypertrophy, fibroblast proliferation, and
increased deposition of extracellular matrix proteins (4). In LV
remodeling, the left ventricle morphology is deformed from ellip-
soidal to spherical form (2) and this deformation initiates a
series of events beginning with increased wall stress, afterload
mismatch, episodic subendocardial hypoperfusion, increased
oxygen utilization, increased oxidative stress and increased free
oxygen radical production with secondary alteration in gene
expression of inflammatory pathways like tissue necrosis
factor-a. and interleukin-1 (2). The alterations that occur in the
geometry of the remodeled left ventricle may promote progres-
sive failure in LV performance.

Post-MI progressive LV dilatation is associated with adverse
cardiovascular events and it continues even after the infarct
zone has repaired (27). In acute myocardial infarction, localiza-
tion and the intensity of the mural involvement (such as anterior
transmural infarcts) is associated with adverse remodeling and

worse outcomes (28). Cardiac magnetic resonance (CMR) imag-
ing allows precise quantification of myocardial scar and LV
chamber dimensions and function; rendering CMR an ideal tool
for assessing the relation between infarct size and LV remodel-
ing after MI (29). The association of fibrosis and LV remodeling
was studied previously (24, 34). Fibrosis that is detected by CMR
is a frequent feature of left ventricular hypertrophy and it
depends on the severity of LV remodeling (30). In a recent study
by our group, left ventricle and atrium enlargement is observed
when cardiac fibrosis is detected by LGE-CMR in the patients
with dilated cardiomyopathy and a link between cardiac fibrosis
and adverse LV remodeling is established (31, 32).

Pharmacologic intervention of LV remodeling is an important
part of treatment in heart failure. One of these pharmacologic
intervention targets renin-angiotensin-aldosterone system (RAAS)
that has an important role in the pathophysiology of LV remodeling
and HF progression; thus the pharmacologic inhibition of RAAS by
angiotensin-converting enzyme inhibitors and angiotensin |l type
1 receptor blocker attenuates LV remodeling (33). Aldosterone is
also a key component of the RAAS and it has detrimental effects
on LV remodeling, including stimulation of myocardial fibrosis (34).
In mild to moderate heart failure, a reduction in LV volumes and
mass was observed when spironolactone was combined with
candesartan therapy (35). Another class of medicine that is used
in heart failure is beta-blockers: a recent study showed that
carvedilol treatments alleviating effects on LV remodeling caused
a reduction in LV end systolic volume and an improvement in
LV ejection fraction (EF) (36). New pharmacological approaches
such as antioxidants, phosphodiesterase 5A inhibitors, metallo-
proteinase inhibitors, and cyclic guanylyl cyclase activators can
also be used to prevent or reverse LV remodeling (18). In addition,
a negative correlation between reverse remodeling of the LV and
cardiac resynchronization therapy, an effective treatment for sys-
tolic heart failure, was found (37). In spite of availability of different
pharmacological and device therapies, LV remodeling remains to
be a challenging problem.

Cardiac fibrosis and diastolic function

LV filling and myocyte relaxation displays a complex inter-
play during diastole, which is influenced by many factors such
as loading conditions, systolic emptying, myocardial ischemia,
heart rate, and intracellular calcium cycling (38). Although the
association of myocardial fibrosis and the molecular mechanism
of collagen turnover are not identified yet, it is suggested that
excess collagen deposition plays an important role in the devel-
opment of diastolic dysfunction after myocardial injury (10). In
addition, a strong correlation between the degree of diastolic
dysfunction and increased collagen turnover markers (such as
serum carboxy-terminal telopeptide of procollagen type I, matrix
metalloproteinases) was shown (10). Increased type | collagen
attenuates myocyte contraction strength, causes stiffness and
contributes to systolic and in particular diastolic dysfunction in
dilated cardiomyopathy (39). Fibrosis may cause decrease in
ventricle compliance and subsequent increase in filling pres-
sures (20). It has been reported that a good correlation exists
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between diastolic functions and late gadolinium enhancement
rate, suggesting that extend of LV fibrosis reflects LV diastolic
function, which occurs earlier than systolic function (40). In
another study, conventional and tissue Doppler echocardiogra-
phy was used to assess the association of fibrosis and diastolic
functions in dilated cardiomyopathy, although similar LV systolic
functions were monitored, fibrosis was found to be linked with
impaired diastolic function (31). These observations support the
hypothesis that myocardial fibrosis causes aggravation of
diastolic dysfunction. Diastolic dysfunction significantly affects
prognosis in chronic heart failure regardless of other contribut-
ing factors. In heart failure, the detection of myocardial fibrosis
is crucial to assess both the negative influence of fibrosis on
prognosis and its aggravating effect on diastolic dysfunction.

Cardiac fibrosis and brain natriuretic peptide

Atrial natriuretic peptide (ANP) and B-type natriuretic pep-
tide (BNP) are predominantly produced in the heart and have
vasorelaxant, natriuretic, and antigrowth activities (4). Production
and secretion of BNP by ventricular myocytes are increased in
case of volume and/or pressure overload. Elevated BNP plasma
level is detected in various types of heart disease and is not
specific to any of them and usually high plasma levels are asso-
ciated with severity of ventricular systolic dysfunction (41).
Multiple factors influence brain natriuretic peptide secretion in
heart failure, some of them are renal dysfunction (particularly
with estimated glomerular filtration rates <60 ml/min) (42), age
and gender (43).

Diastolic wall stress modulates BNP expression levels (44)
consequently higher BNP levels are detected when LV filling
pressures are higher. The association of diastolic dysfunction
and plasma BNP concentrations was studied in presence and
absence of systolic dysfunction (45, 31). In case of isolated dia-
stolic dysfunction with preserved left ventricular systolic func-
tion, BNP levels were correlated to functional capacity deter-
mined by cardiopulmonary exercise test (45). Paelinck et al. (44)
showed that plasma BNP level was correlated with the extent of
myocardial damage and estimated LV filling pressures; By
receiver-operating character analysis it was revealed that the
optimal cut-off values for an early diastolic mitral flow velocity/
early diastolic tissue velocity (E/E’) ratio < 8 had a positive pre-
dictive value of 75% for the prediction of a BNP level <100 pg/ml
and a E/E’ ratio >15 had a positive predictive value of 86% for the
prediction of a BNP level >100 pg/ml (44). Measuring of BNP
level is a simple and noninvasive procedure and it is feasible to
use in BNP levels in our daily clinical practice to predict dia-
stolic dysfunction.

After myocardial infarction, progressive cardiac remodeling
augments synthesis and secretion of brain natriuretic peptide,
thus plasma BNP concentration is a powerful predictor of LV
dilatation in both short and long term (46). Nelson et al. (47)
demonstrated that extent of dysfunctional myocardium (defined
as a combination of viable and scarred myocardium) which is
determined by CMR, has a moderately positive correlation with
BNP levels. In another CMR study, a significant correlation was

found between N-terminal-pro- BNP (NT-pro-BNP) levels and
myocardial fibrosis and also NT-pro-BNP level was revealed as
an independent predictor of cardiac fibrosis (31). Reciprocal
interaction of myocardial fibrosis, LV remodeling and BNP secre-
tion with each other has a complex role in heart failure. This
multifaceted relationship rises new therapeutic opportunities to
deal with heart failure in today’s evidence-bhased cardiology.

Cardiac fibrosis and prognosis

Myocardial fibrosis, which may be a general or local
phenomenon, is coupled with poor prognosis factors in NICM
such as progressive remodeling, diastolic dysfunction and
arrhythmia (21). In both ischemic and non-ischemic myocardial
disease, fibrosis is a stronger predictive marker for poor outcome
compared to standard clinical markers, including EF (48). Absence
of myocardial fibrosis is associated with ventricular functional
recovery in patients with NICM with high sensitivity (90.5%),
specificity (79.2%), positive predictive value (80.0%) and nega-
tive predictive value (90.9%) (49). In a survival analysis, cardiac
fibrosis was found to be the mostimportant independent predic-
tor of mortality/transplantation requirement, especially in
patients with LVEF < 30% who already had increased mortality,
survival was found to be decreased in the presence of delayed
enhancement (50). Wu et al. (21) demonstrated that in NICM
with late gadolinium enhancement on CMR, probability to expe-
rience adverse cardiac outcomes such as HF hospitalization,
implantable cardioverter-defibrillator (ICD) discharge, and car-
diac death increased eight fold after adjustment for LV volume
index and functional class.

Myocardial fibrosis is a possible source for arrhythmias. In a
catheter mapping study, reentry around myocardium scar found
to be responsible for monomarphic ventricular tachycardia (VT)
in the setting of non-ischemic cardiomyopathy with predomi-
nance in left ventricle basal distribution of endocardial electro-
cardiogram abnormalities (51). In NICM, induction of sustained
ventricular tachycardia, which is caused by nonconductive scar
associated reentry phenomena, indicates a poor prognosis (25).
If the midwall myocardial enhancement involves >25% of wall
thickness, the probability of inducible VT in DCM significantly
increases and this increase is not affected by LV ejection frac-
tion (25). In dilated cardiomyopathy, evaluation of the presence
and degree of myocardial fibrosis is important for choosing a
treatment option such as cardiac resynchronization therapy (12),
left ventricular assist device (LVAD) therapy (26), and surgical
ventricular restoration (52). In heart failure, it is hard to assess
the requirement and value of a particular therapeutic interven-
tion just by clinical evaluation because patients may present
with a broad range of symptoms even though similar EF is
observed, in this case a noninvasive prognostic evaluation like
CMR can guide us to select a favorable therapeutic intervention.
Echocardiography is widely used to select patients for cardiac
resynchronization therapy, however approximately 20%-to-30%
of patients were non respondent to the therapy even though a
detailed evaluation is done before device placement (53). White
et al. (12) demonstrated that presence of delayed enhancement in
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magnetic resonance imaging is a better marker of positive clinical
response to cardiac resynchronization therapy (cut-off value of
15% total scar provided a sensitivity and specificity of 85% and
90% respectively). The degree of cardiac fibrosis and myocyte
size has also been demonstrated as a significant predictor of
improvement in cardiac function and the sustained recovery after
the LVAD explanation (26). Preoperative quantitative assessment
of left ventricular basal scarring remote from surgical exclusion
site with delayed-enhancement magnetic resonance imaging can
be used for predicting outcomes of surgical ventricular restora-
tion (52). The evaluation of myocardium by a noninvasive tech-
nique like CMR may expose hints about response before clinical
response is observed and may guide us to select alternative
therapeutic approaches in end stage heart failure.

Conclusion and perspectives

Myocardial fibrosis is gradually recognized in multiple etiolo-
gies as a pathological entity. The presence of fibrosis is an
important contributor for development of heart failure, a predic-
tor of poor prognosis, a cause of diastolic dysfunction and
arrhythmias. The detection of myocardial fibrosis with a nonin-
vasive imaging technique is useful for prediction of probable
adverse outcomes. Delayed enhancement CMR is widely used
to detect myocardial scar and perfusion dynamics. Although
routine usage of this imaging technique is limited due to its high
cost, it can be extremely beneficial for evaluation of high-risk
patients. The detection and evaluation of fibrosis by an imaging
technique may support the new therapeutic intervention
approaches that target fibrosis in heart failure patients.

Cardiac fibrosis detected by CMR might be useful in selec-
tion of candidates for advanced therapies like cardiac resyn-
chronization therapy, stem cell transplantation after myocardial
infarction and cardiac transplantation. Severity of cardiac fibro-
sis might affect the medical management strategies of heart
failure patients with preserved systolic function. The detection
and evaluation of fibrosis by an imaging technique may support
the new therapeutic intervention approaches in these patients.
All of the above-mentioned considerations need further research
and long-term studies.

Conflict of interest: None declared.
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