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BACKGROUND

Myocardial fibrosis arises secondary to cardiac stress or damage. This review

article presents fundamental aspects of myocardial fibrosis.
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METHOD

We conducted two searches in PubMed which resulted in 417 hits. The

relevance of the articles was determined on the basis of the title, abstract and, if

applicable, full text. Forty-four key articles were included.

RESULTS

Myocardial fibrosis is classified into two types: interstitial and replacement

fibrosis. Fibrosis can cause adverse changes in the electrical and mechanical

function of the heart, and exacerbates the prognosis of many cardiac diseases.

Diagnostic imaging and biomarker research have improved the possibilities of

detecting fibrosis. The ultimate goal is to develop medications that can halt or

reverse myocardial fibrosis.

INTERPRETATION

Modern diagnostics have improved the possibilities of detecting myocardial

fibrosis and have increased our understanding of the significance of fibrosis in

cardiac disease. The development of medicines that inhibit the development of

fibrosis could be of major importance to modern cardiology.

Myocardial fibrosis arises when the heart's fibroblasts produce collagenous scar

tissue. This process may primarily be reparative, but over time often has

negative consequences for the patient in the form of function impairment,

morbidity and mortality. Cardiovascular disease is still the dominant cause of

death in the Western world (1), and myocardial fibrosis arises in the course of

many heart diseases. This review article first presents the pathophysiology and

classification of myocardial fibrosis and methods for its detection. Some

conditions in which myocardial fibrosis can be detected are then described,

with the focus on aortic stenosis. Finally, future possibilities are described, with

the focus on diagnostics and therapy.

Method

The article is based on two complementary literature searches conducted in

PubMed on 2 June 2017. First, we searched for review articles from the last five

years in which the terms "myocardial fibrosis" or "cardiac fibrosis" were used in

the title, or occurred as MeSH terms (medical subject headings) or as other

terms (author's tagging of article). In the second search, we combined searches

for "aortic stenosis" "myocardial fibrosis" with detection methods (cardiac

MRI, echocardiography or histology, with synonyms). Without defining time

limits, we searched for the terms in the title, MeSH or other terms. The search

details with number of hits, excluded and included articles, are illustrated in

Figure 1. The first author excluded 378 of 417 hits on the basis of content. Five

articles were added. A total of 44 articles were included, and all were read in

full text.
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Figure 1 The figure describes the search strategy, with exclusion and inclusion of

articles.1 In search 1 we searched for review articles from the last five years in which the

term myocardial fibrosis was used and was central.2 In search 2 we searched without

defining time limits or type of article or study. We searched for articles about aortic

stenosis and myocardial fibrosis and one or more detection methods (MRI,

echocardiography or histology). 3 One hit was common to both searches. 4 Exclusion

based on content (title or abstract) indicates that the article has an overly focused or

peripheral content and that topics other than classification, pathophysiology, detection

methods and central conditions are examined. There was a certain amount of selection

from among similar articles. 5 Exclusion based on content (full text) indicates a narrow

focus and that there has been some selection in relation to other articles that were

found. Some articles were eliminated for reason of space constraints. 6 We added five

articles not identified in the literature search. References 1 and 35 are not about

fibrosis. References 13, 29 and 44 were found on the reference lists of articles identified

through the search.

Pathophysiology and classification

When cardiac damage and stress occur, various substances cause fibroblasts to

become activated and transdifferentiate into myofibroblasts (2)−(7) (Figure 2)

(8). The myofibroblasts increase the production of proteins that are deposited

in the extracellular matrix (2–5). Collagen I, which accounts for about 80 % of

the collagen in the myocardium, makes the myocardium stiffer and increases

most in myocardial fibrosis (7, 9, 10). Cross-linking makes the collagen matrix

stiffer and more difficult to break down with proteinases (2, 3, 5, 11). Fibrosis

occurs as a result of net collagen production. Fibrosis restricts the supply of

oxygen and nourishment to the myocardium (2, 3). Myocardial fibrosis causes

electrical and structural changes that predispose patients to arrhythmias, heart

failure and ischaemia (12). Figure 3 summarises the pathophysiology and

consequences of myocardial fibrosis.
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Figure 2 Fibroblasts are located among cardiomyocytes, where they ensure the correct

quantity and composition of extracellular matrix in the healthy heart. Pressure

overload over time causes cardiac remodelling, with hypertrophy and fibrosis. Fibrosis

impairs the cardiac function, and occurs when fibroblasts in the heart are activated and

transdifferentiated into myofibroblasts, which increase the production of extracellular

matrix. (The figure is based on Figure 1 in Herum et al. (8).)

Figure 3 Myocardial fibrosis – pathophysiology and consequences (design based on

article text).
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Fibrosis is classified by cause and pathoanatomy (3, 13). Interstitial (diffuse)

fibrosis is characterised by diffuse spread of extracellular collagen without

cardiomyocyte necrosis (8), and is believed to be reversible if early, focused

treatment is administered (3, 7, 14). Diffuse fibrosis is seen in elderly people

and in cardiac diseases such as aortic stenosis, cardiomyopathies and coronary

heart disease without infarction (7, 15). Replacement fibrosis (scar fibrosis) is

local and occurs after cardiomyocyte necrosis, for example after myocardial

infarction. Replacement fibrosis is regarded as irreversible, and prevents

cardiac muscle rupture after infarction (2–4), (4, 10, 13, 14, 16). However, it

may also arise in the course of other diseases (3, 5, 7, 14, 16).

Detection of myocardial fibrosis

Biological specimen

Biomarkers for fibrosis can be measured in myocardial biopsies and blood

tests. Myocardial biopsies are taken from explanted hearts or during

myectomy, open heart surgery or catheter-based endocardial biopsy. With

heart biopsies and using appropriate staining methods, histological analysis of

the volume fraction of collagen is regarded as the gold standard for detection of

fibrosis (7, 10, 17). Total collagen can be quantified, and the type (intrastitial or

replacement) and extent of fibrosis can be described (Figure 4). Limitations are

associated with possible non-representative biopsy, purely local assessment,

limited amount of tissue and procedure-related risk (15), (17–19). Modern

molecular biology methods can also be used, but should be validated against

histology prior to clinical use (18).

Figure 4 Myocardial biopsies from patients with hypertrophic cardiomyopathy.

Masson trichrome stains connective tissue blue and myocardium red. The left-hand

image (a) shows interstitial fibrosis, with thin bands of connective tissue surrounding

thick (hypertrophic) cardiomyocytes. The right-hand image (b) shows replacement

fibrosis where cardiomyocytes have been replaced by fibrous tissue. (Images kindly

provided by Professor Helge Scott, Department of Pathology, Oslo University Hospital)

Blood biomarkers reflect cellular and molecular changes related to the quantity

of fibrotic tissue (9). C-terminal propeptides of collagen I and N-terminal

propeptides of collagen III are adequately validated (9), and there is optimism

concerning their future clinical use. Galectin-3 stimulates the activation of

myofibroblasts and the development of myocardial fibrosis (20), but the
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plasma concentration of galectin-3 also increases in renal disease and liver and

lung fibrosis (11). Galectin-3 level is associated with mortality and a worsened

prognosis in heart failure with reduced or preserved ejection fraction (3, 11).

Cardiac MRI scan

Cardiac MRI is non-invasive in the absence of contrast injection, and maps the

heart's tissue composition and function (10).

T1 relaxometry can be performed quickly without injection of contrast medium,

and can therefore be carried out independently of kidney function tests (10, 16, 

21). The method provides information about oedema, fibrosis (extended T1

relaxation time) and deposition diseases (7, 10, 21), and is used clinically and in

research of several cardiac muscle diseases (16, 22).

In replacement fibrosis, qualitative differences can be detected in late

enhancement with gadolinium-based contrast mediums (10, 18). After

myocardial infarction, increased late enhancement is seen, consistent with

replacement fibrosis (Figure 5). In non-ischaemic cardiac muscle diseases, late

enhancement is associated with increased hypertrophy and a worsened

prognosis in several conditions (23, 24). It is important to be aware that the

late enhancement method is unsuitable for assessing fibrosis in cases of diffuse

fibrosis with a homogenous myocardium (15, 25).

Figure 5 Cardiac MRI scan after injection of gadolinium-based contrast. The left

ventricle shows increased signal (red arrow) corresponding to anterolateral parts of the

heart, consistent with replacement fibrosis. The patient suffered a myocardial
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infarction with an occluded diagonal branch (exiting from the left coronary artery). LV

= left ventricle, RV = right ventricle, LA = left atrium, RA = right atrium)

The heart's extracellular volume can be calculated from T1 relaxometry

following gadolinium injection. In the absence of oedema or amyloid

deposition, fibrosis will explain an increased extracellular volume (10, 26). The

method can detect minor quantities of fibrosis and has shown better correlation

with histological interstitial fibrosis than T1 relaxometry and conventional

assessment of late enhancement (25). This means of calculating extracellular

volume yields considerable prognostic information (10, 21). MRI determination

of extracellular volume appears to be more myocardium-specific than blood

biomarkers, and can be used for evaluating intervention efficacy (11).

Fibrosis as determined by MRI shows good correlation with histology (7, 10, 11, 

15, 25). Heart MRI can be called a more feasible gold standard for detecting

fibrosis (11, 26).

Cardiac CT scan

Scarring and other fibrosis can be detected very accurately with CT, but in the

interests of radiation hygiene, it is seldom used (19). Assessment of fibrosis

with cardiac CT has shown good correspondence with cardiac MRI methods

and histology (17). The method is considered if MRI is contraindicated (17) and

if there are other indications for cardiac CT (27).

Echocardiography

Diffuse fibrosis changes the wave propagation and reflection properties of the

myocardium. These changes can be determined with the aid of ultrasound.

Echocardiography provides additional information about the structure and

function of the heart, and these parameters have been evaluated against MRI

and histopathology with respect to fibrosis (6, 16). Echocardiography is cheap

and readily available, but the assessment depends on image quality and

operator experience (16, 18).

Table 1 sums up the strengths and weaknesses of the diagnostic methods in the

detection of myocardial fibrosis.

Table 1

Advantages and drawbacks of different methods for detecting myocardial fibrosis.

Scoring of suitability. The methods are compared on the basis of the authors'

assessment.

Histology Blood

tests

MRI CT Echocardiography

Direct detection of
fibrosis 

+++ − ++(+) + +

Assessment of
cardiac function

− − +++ ++ +++ 

Resource-
demanding
(time/costs)

+++ − ++ + +
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Histology Blood

tests

MRI CT Echocardiography

Availability − +++ + ++ ++

Risk of
complications

+(+) (+) + + −

Radiation − − +++ −

Requires extensive
training

+++ + ++(+) ++ +++

Histology is the gold standard, while MRI is considered the non-invasive gold

standard. The other methods are scored after validation against the gold

standard.

Almost as good as a gold standard for assessing cardiac function in relation to

the consequences of the fibrosis.

Presupposes tissue sampling during open heart surgery.

Myocardial fibrosis in various diseases

Myocardial fibrosis is associated with increased myocardial stiffness,

cardiomyocyte necrosis, arrhythmias, sudden cardiac death and unfavourable

prognosis (2, 3, 17, 18, 23, 28), and plays a central part in the remodelling

process that leads to heart failure (10, 17, 26). Coronary heart disease, aortic

stenosis and hypertension are the most frequent causes of myocardial fibrosis

(13). Aortic stenosis and hypertension result in pressure overload of the left

ventricle where the increased wall stress induces hypertrophy and interstitial

fibrosis (2–4). Chronic pressure overload can cause cardiomyocyte necrosis

and replacement fibrosis (22, 29).

Aortic stenosis

In aortic stenosis, histological fibrosis (interstitial and replacement) can

constitute up to 30 % of the tissue volume (14). Both interstitial and

replacement fibrosis can occur in the same individual. MRI studies show that

interstitial fibrosis may predominate early in the course of the disease, while

replacement fibrosis can be seen in up to 60 % of patients (14, 19). Fibrosis

most frequently arises subendocardially and in the midwall, with greatest

extension in the basal septum of the left ventricle (10, 28, 30). Local wall stress

and increased wall thickness (with risk of ischaemia) may explain this.

In aortic stenosis, the extent of fibrosis is associated with symptom intensity,

reduced cardiac function and physical capacity, and increased mortality (10, 22,

23, 28)(28–32). Extensive replacement fibrosis prior to valve surgery predicts

an unfavourable post-operative outcome (23), (29–31), (33). Surgery for severe

aortic stenosis is recommended if patients develop symptoms or a reduced

ejection fraction, or simultaneously with other heart surgery (34). However,

preoperative assessment has challenges (27). Valve surgery should be
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considered before irreversible fibrosis or function impairment occurs, as early

intervention may improve the prognosis for asymptomatic patients with

preserved ejection fraction (23, 29). In the future, diagnostic imaging, blood

biomarkers and risk calculators may help to optimise patient selection and the

timing of valve surgery (31, 33).

Hypertension

In hypertensive heart disease, interstitial fibrosis will translate into an

unfavourable prognosis and contribute to cardiac dysfunction, coronary heart

disease and arrhythmias (35). Cardiac MRI can predict future decompensation

(10). The extent of fibrosis is limited in isolated hypertension, but increases

with concomitant hypertrophy (36) or chronic kidney disease (16).

Hypertensive patients can use inhibitors of the renin-angiotensin-aldosterone

system with antifibrotic properties (36). Blood pressure reduction may cause

regression of interstitial fibrosis.

Hypertrophic cardiomyopathy

Hypertrophic cardiomyopathy is a genetic disease that can cause extensive

myocardial fibrosis (37) (Figure 4). Fibrosis and function impairment are often

greatest in the basal septum (38). High late contrast enhancement in MRI is

associated with increased risk of sudden cardiac death (39). Interstitial fibrosis

is more strongly associated with arrhythmias than replacement fibrosis (37).

Cardiac amyloidosis

Cardiac amyloidosis, also called infiltrating interstitial fibrosis (7, 16), involves

deposition of amyloid in the myocardium. In contrast to traditional myocardial

fibrosis, the condition arises independently of cardiac stress or load (11). In

cardiac amyloidosis, ECG and imaging may yield findings that resemble

myocardial fibrosis (low voltage, hypertrophy and signs of fibrosis). Various

biomarkers and cardiac MRI can distinguish between the conditions. Cardiac

amyloidosis causes severe heart failure with a poor prognosis (26).

Ischaemic heart disease and dilated cardiomyopathy

Non-ischaemic dilated cardiomyopathy and ischaemic heart disease are the two

most frequent causes of heart failure and heart transplantation. An increased

amount of replacement fibrosis, detected by MRI, is associated with a poor

prognosis and severe arrhythmias (7). In dilated cardiomyopathy, fibrosis is

frequently located in the midwall with patchy or diffuse distribution (7).

Ischaemic replacement fibrosis occurs in transmural or subendocardial

locations with regional extension corresponding to the anatomy of the coronary

arteries, and can be detected by means of MRI (7). After a transmural

myocardial infarction, the myocardium may appear akinetic, thinned and with

higher echogenicity on an echocardiogram.
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Atrial fibrillation

In cases of atrial fibrillation, an increased amount of atrial fibrosis is seen.

Severe atrial fibrosis is associated with more frequent attacks of atrial

fibrillation, embolic stroke and less efficacy from antiarrhythmic drugs and

radio frequency ablation (6, 40, 41). Atrial fibrosis can to a certain extent be

detected by means of echocardiography and MRI, where only MRI is validated

against histology. (40, 41).

Other conditions

Fibrosis implies a poor prognosis in aortic regurgitation. One study found that

the extent of fibrosis in severe aortic regurgitation resembles fibrosis in severe

aortic stenosis (31).

Myocardial fibrosis is seen with severe kidney failure, particularly among

patients undergoing haemodialysis treatment. Kidney transplant patients have

less myocardial fibrosis than patients who undergo haemodialysis, and

regression of myocardial fibrosis has been observed after transplantation (16).

Diabetic cardiomyopathy is characterised by early development of diastolic

dysfunction, hypertrophy and diffuse fibrosis (42). Diabetics have higher

extracellular volume judging by MRI with late enhancement, and are at

increased risk of death or hospitalisation in the event of heart failure (26).

Physiological hypertrophy in connection with training and pregnancy is

reversible and does not normally cause fibrosis (3). However, fibrosis can be

encountered in older athletes. In cases of myocardial fibrosis in young athletes,

the possibility of underlying cardiomyopathy should be considered (43).

Future therapeutic possibilities

Intensive research is in progress to develop medication that reverses or halts

the development of myocardial fibrosis, as it is believed that this could

revolutionise the treatment of heart failure (2, 4, 11). The two main strategies

for reducing fibrosis are to inhibit profibrotic or to stimulate antifibrotic

molecules (5). Transforming growth factor-β (TGF-β) and galectin-3 play a

central part in the development of myocardial fibrosis (2, 4, 20), and fibrosis

mediated by angiotensin II and aldosterone depends partly on these molecules

(7, 44). Inhibition of TGF-β and galectin-3 has exhibited an antifibrotic effect

(2, 44). Inhibitors of the renin-angiotensin-aldosterone system halt the

development of fibrosis and can partly explain the efficacy of these drugs in

cases of heart failure and hypertension (2, 4, 5, 11).

Prevention and effective treatment of established cardiac disease according to

guidelines for limiting the development of fibrosis is important (45).

Conclusion
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Modern biomarkers and diagnostic imaging have improved our understanding

of myocardial fibrosis and its prognostic significance for several cardiac

diseases. Improved methods for detection, an increased understanding of

central molecular signalling pathways, and potential antifibrotic treatments are

key areas of research (12). Assessment of myocardial fibrosis will probably gain

a bigger place in the diagnosis, risk stratification and treatment of cardiac

disease in the future.

Thanks to Katrine Aronsen at the University Library in Trondheim for her

contributions to the literature search, and research fellow Erik Andreas Rye

Berg at the Norwegian University of Science and Technology for valuable

input.

Main points

Myocardial fibrosis is defined as an increased quantity of collagenous scar

tissue in the heart

Myocardial fibrosis may arise as a result of cardiac disease and/or extracardiac

diseases

Myocardial fibrosis is associated with an unfavourable prognosis

Modern diagnostics facilitate the detection of myocardial fibrosis
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