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EDITORIAL COMMENT

Extracellular Volume in
Dilated Cardiomyopathy
Interstitial Fibrosis and More?*
Eloisa Arbustini, MD,a Valentina Favalli, PHD,a Nupoor Narula, MDa,b

EXTRACELLULAR VOLUME IS EXPANDABLE

relevance for its proarrhythmogenic role, particularly
in cardiomyopathies.

In the myocardium, the extracellular volume (ECV)
corresponds with the extracellular matrix normally
occupied by a tiny network of collagen ﬁbers, sparse
cells (mainly ﬁbroblasts), and intramural vessels
including capillaries (with a 1:1 myocyte ratio) and
arteriolar, venular, and lymphatic vessels (comprised
by smooth muscle cells, endothelial cells, and pericytes). Sparse mast cells and macrophages are usually
localized around vessels (1). Any condition that
modiﬁes the composition of the extramyocyte spaces
should modify the relative amount of volume. The
quantitative assessment of ECV by cardiac magnetic
resonance (CMR) is mainly intended to be a measure
of “extramyocyte” volume. The ECV is obtained from
changes in the T1 longitudinal relaxation rate before
and after administration of the contrast medium (2).
The extramyocyte volume expands due to the presence of inﬂammatory cells and edema in myocarditis
(3,4) (Figure 1A), whereas the extracellular volume
expands due, for example, to interstitial deposition
of

ﬁbrillar

proteins

in

cardiac

amyloidosis

(5)

(Figure 1B). In nonamyloid and noninﬂammatory
myocardial diseases, that is, the cardiomyopathies,
among others, the ECV expands due to interstitial
ﬁbrosis that characterizes the left ventricular (LV)
remodeling processes (6) (Figures 1C to 1D). The possibility of imaging the ECV in vivo provides important
information about LV remodeling (7–9). The detection

of

myocardial

ﬁbrosis

is

gaining

clinical

INTERSTITIAL FIBROSIS IS COMMON IN
NONISCHEMIC DILATED CARDIOMYOPATHY
Interstitial (or reactive) ﬁbrosis without manifest loss
of myocytes is a common ﬁnding in nonischemic
dilated cardiomyopathy (DCM) (10). The pattern of
distribution of interstitial ﬁbrosis varies from case to
case. Speciﬁcally, it can surround individual myocytes or bundles of myocytes; it may have a focal,
perivascular, or diffuse distribution; or it can predominantly be localized in the subendocardial, subepicardial, or mid myocardial layers of the ventricular
myocardium. The topography of the nonreplacement,
interstitial myocardial ﬁbrosis does not produce
similar or identical patterns (as commonly observed
in ischemic myopathy) and each heart with DCM
might demonstrate a unique distribution pattern.
Furthermore, interstitial ﬁbrosis can be dense or
loose. In the former, the collagen ﬁbers are compact,
whereas loose collagen ﬁbers seem to be dissociated
from each other in a noncompact fashion. Granulation tissue, with angioneogenesis and loose cellular
ﬁbrosis, usually follows necrotizing myocardial insults, such as acute myocarditis. Beyond causes and
pathogenetic mechanisms that can explain the interstitial ﬁbrosis, the effect is the structural, and therefore electrical, isolation of single myocytes or groups/
bundles of myocytes. The “structural” separation of
myocytes may constitute the substrate for electrical
activity, as it promotes reentry circuits, thereby
exerting an arrhythmogenic effect (11).
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F I G U R E 1 The Extramyocyte Volume

Extramyocyte volume (EMV) expansion by (A) myocarditis, (B) cardiac amyloid deposition, (C and D) interstitial reactive ﬁbrosis in endomyocardial biopsies (EMB) versus mid-left ventricular (LV) wall in hearts excised at transplantation. (A) EMB (hematoxylin eosin stain). Acute
myocarditis. The interstitial space is inﬁltrated by lymphocytes. (B) EMB: Wild-type transthyretin cardiac amyloidosis. The EMV is largely
occupied by amyloid deposits (depicted in green in Movat pentachrome stain). (C) Dilated cardiomyopathy: EMB. Antitroponin I immunostain
(brown); interstitial ﬁbrosis (light blue). (D) Sample from the LV (same case as in C) from the heart excised at transplantation. Low
magniﬁcation view of the mid-ventricle. The ﬁbrosis in the EMB (in C) looks quantitatively similar to that of the mid-portion of the LV,
in which small spots of adipose tissue are also present.

endomyocardial biopsies (EMB), cover the entire

extracellular matrix. If the EMB is performed in the

ventricular myocardial walls in hearts removed during

right ventricle, pathological data do not necessarily

cardiac transplantation, and involve the apices of the

provide information regarding the LV. The hearts

LV in patients who receive ventricular assist device

removed for transplantation show the end-stage

systems (12) and hearts excised at transplantation af-

phenotype of the DCM and, as interstitial ﬁbrosis is

ter ventricular assist device implantation (13). Each of

dynamic, correlation may be limited by the interval

these conditions has limitations for pathological cor-

between the last imaging and harvesting of hearts at

relation with in vivo imaging studies. In EMB, the

transplantation. The LV apex samples removed during

pathological information is limited to a few millime-

ventricular assist device implantation provide infor-

ters of subendocardial cardiac tissue and can be

mation on only a portion of the left ventricle (12).

inﬂuenced by procedure-related tissue distortion.

Overall, the comparative pathology–imaging studies

Speciﬁcally, contraction bands induced by the sam-

might not provide sameness of data, but can provide

pling can dislocate intracellular organelles and modify

evidence of correlation between ﬁbrosis observed at

the structural relationships between myocytes and

pathology and ﬁbrosis diagnosed with imaging.
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therapeutic decisions as well as indications and

CORRELATION STUDIES

timing for ICD implantation for primary prevention

In this issue of iJACC, Nakamori et al. (14) describe

lation studies thereby becomes more relevant as the

(17). The contribution of imaging–pathology corretheir experience in 36 patients diagnosed with DCM,

in vivo diagnosis of interstitial ﬁbrosis becomes a

who underwent both pre- and post-contrast T1 map-

potentially worthy component of decision making

ping as well as late gadolinium enhanced CMR at 3-T

or monitoring the beneﬁcial effects of medical

and EMB in a close temporal sequence. Collagen

treatments. For detection and quantiﬁcation of

volume fraction and extracellular space were quan-

myocardial ﬁbrosis, CMR is the noninvasive gold

tiﬁed in EMB samples. In 40% of patients diagnosed

standard. In DCM, the lingering question is detect-

with DCM demonstrating late gadolinium enhance-

ability of tiny, diffuse interstitial ﬁbrosis. In addi-

ment, the collagen volume fraction was higher than

tion, interstitial ﬁbrosis may not coincide with

that observed in patients without late gadolinium

extramyocyte volume, which can differ from ﬁbrosis

enhancement. Both the native T1 value and ECV

when edema or inﬂammation are present. The

correlated with biopsy-proven collagen volume frac-

concept

tion (p < 0.05). ECV also demonstrated a strong cor-

emerging from imaging more than from pathology,

relation with the extracellular space in EMB (r ¼ 0.86)

and consequently the question of whether ECV
coincides

SEE PAGE 48

of

extramyocyte

with

interstitial

volume

in

ﬁbrosis

is

DCM

is

pertinent.

Therefore, pathology–imaging correlation studies

versus native T1, which showed a moderate correla-

can still contribute to deﬁne the level of detect-

tion (r ¼ 0.55). The comparable ability of native T1

ability of interstitial ﬁbrosis by CMR.

and ECV to detect and measure a collagen volume
fraction that correlates with histology indicate that
interstitial ﬁbrosis may be assessed by native T1
mapping without administration of gadolinium in
patients with DCM (14). The presence of both
inﬂammation and ﬁbrosis may limit the estimation of
diffuse myocardial ﬁbrosis (15). Other studies are
needed to characterize the pattern of interstitial
ﬁbrosis in DCM and to assess whether different distributions and evolving patterns correlate with
arrhythmogenic risk, evolution of disease, or worsening of LV function and remodeling (16).

FUTURE RESEARCH
Mapping and monitoring interstitial ﬁbrosis in patients with DCM caused by different etiologies could
represent the evolution of translating CMR in clinical
practice.

The

early

detection

of

ﬁbrosis

could

contribute to risk stratiﬁcation in disorders such as
cardiolaminopathies (18). The concept of “mapping”
also

implies

potential

monitoring

applications.

Therefore, a new dynamic scenario of the natural
history of DCM could emerge that predicts both
arrhythmogenic risk and worsening of the morpho-

THE EMERGING ROLE OF

functional phenotype. The current study conﬁrms

INTERSTITIAL FIBROSIS IN
PROGNOSTIC STRATIFICATION OF DCM

that more pathology–imaging correlation studies are

As long as myocardial ﬁbrosis has been conﬁned to

disease-speciﬁc patterns of interstitial ﬁbrosis.

needed to characterize, classify, and consolidate

a descriptive ﬁnding in pathological studies without
a real impact in the clinic, its precise characteriza-

ADDRESS

FOR

tion has not come to clinical attention. Today, we

Arbustini,

Centre

CORRESPONDENCE:

for

Inherited

Dr.

Eloisa

Cardiovascular

know that myocardial ﬁbrosis in DCM has a pro-

Diseases, IRCCS Foundation, University Hospital

arrhythmic role and its detection in vivo contrib-

Policlinico San Matteo, Piazzale Golgi 19, 27100 Pavia,

utes not only in prognostic stratiﬁcation, but also in

Italy. E-mail: e.arbustini@smatteo.pv.it.

REFERENCES
1. Brooks
A,
Schinde
V,
Bateman
AC,
Gallagher PJ. Interstitial ﬁbrosis in the dilated
non-ischaemic myocardium. Heart 2003;89:
1255–6.
2. Treibel TA, White SK, Moon JC. Myocardial tissue
characterization: histological and pathophysiological

correlation. Curr Cardiovasc Imaging Rep 2014;7:
9254.
3. Luetkens JA, Homsi R, Dabir D, et al. Comprehensive cardiac magnetic resonance for short-term
follow-up in acute myocarditis. J Am Heart Assoc
2016;5:e003603.

4. Lurz P, Luecke C, Eitel I, et al. Comprehensive
cardiac magnetic resonance imaging in patients
with suspected myocarditis: the MyoRacer-Trial.
J Am Coll Cardiol 2016;67:1800–11.
5. Banypersad SM, Fontana M, Maestrini V,
et al. T1 mapping and survival in systemic

Arbustini et al.

JACC: CARDIOVASCULAR IMAGING, VOL. 11, NO. 1, 2018
JANUARY 2018:60–3

Editorial Comment

light-chain amyloidosis. Eur Heart J 2015;36:
244–51.

cardiovascular magnetic resonance. Heart Fail Rev
2015;20:731–49.

6. Kong P, Christia P, Frangogiannis NG. The
pathogenesis of cardiac ﬁbrosis. Cell Mol Life Sci
2014;71:549–74.

11. Disertori M, Rigoni M, Pace N, et al. Myocardial
ﬁbrosis assessment by LGE is a powerful predictor
of ventricular tachyarrhythmias in ischemic and
nonischemic LV dysfunction: a meta-analysis.
J Am Coll Cardiol Img 2016;9:1046–55.

7. Everett RJ, Stirrat CG, Semple SI, Newby DE,
Dweck MR, Mirsadraee S. Assessment of myocardial ﬁbrosis with T1 mapping MRI. Clin Radiol
2016;71:768–78.

12. Strecker T, Rösch J, Weyand M, Agaimy A.
Pathological ﬁndings in cardiac apex removed

8. Bhuva AN, Treibel TA, Fontana M, Herrey AS,
Manisty CH, Moon JC. T1 mapping: non-invasive
evaluation of myocardial tissue composition by

during implantation of left ventricular assist devices (LVAD) are non-speciﬁc: 13-year-experience
at a German Heart Center. Int J Clin Exp Pathol
2014;7:5549–56.

cardiovascular magnetic resonance. Expert Rev
Cardiovasc Ther 2014;12:1455–64.
9. Kammerlander AA, Marzluf BA, Zotter-Tufaro C,
et al. T1 mapping by CMR imaging: from histological validation to clinical implication. J Am Coll
Cardiol Img 2016;9:14–23.
10. Barison A, Grigoratos C, Todiere G, Aquaro GD.
Myocardial interstitial remodelling in nonischaemic dilated cardiomyopathy: insights from

13. Narula N, Agozzino M, Gazzoli F, et al. The
pathologic basis of recovery. Heart Fail Clin 2014;
10:S63–74.
14. Nakamori S, Dohi K, Ishida M, et al. Native T1
mapping and extracellular volume mapping for
the assessment of diffuse myocardial ﬁbrosis in
dilated cardiomyopathy. J Am Coll Cardiol Img
2018;11:48–59.

15. Lurz JA, Luecke C, Lang D, et al. CMR-derived
extracellular volume fraction as a marker for
myocardial ﬁbrosis: the importance of coexisting
myocardial inﬂammation. J Am Coll Cardiol Img
2018;11:38–45.
16. Bradham WS, Bell SP, Adkisson DW, et al.
Myocardial T1 measurement predicts beneﬁcial LV
remodeling after long-term heart failure therapy.
J Card Fail 2017;23:262–5.
17. Arbustini E, Disertori M, Narula J. Primary
prevention of sudden arrhythmic death in dilated
cardiomyopathy: current guidelines and risk
stratiﬁcation. J Am Coll Cardiol HF 2017;5:39–43.
18. Fontana M, Barison A, Botto N, et al. CMRveriﬁed interstitial myocardial ﬁbrosis as a marker
of subclinical cardiac involvement in LMNA mutation carriers. J Am Coll Cardiol Img 2013;6:124–6.

KEY WORDS cardiac magnetic resonance,
dilated cardiomyopathy, extracellular volume,
extra-myocyte volume, interstitial ﬁbrosis

63

