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Purpose: To determine whether extracellular volume fraction (ECV) 
quantification at cardiac magnetic resonance (MR) imag-
ing can demonstrate subclinical left ventricle (LV) abnor-
malities in a cohort of consecutive systemic sclerosis (SS) 
patients, and to investigate the relationship between ECV 
and diastolic and systolic LV function.

Materials and 
Methods:

All subjects gave their written informed consent. The 
protocol was approved by the ethics committee. ECV 
quantification with cardiac MR imaging was prospectively 
performed in 33 consecutive SS patients with normal 
echocardiography results and no late gadolinium chelate 
enhancement at MR imaging. Left ventricular and atrial 
volumes and peak circumferential strain were measured 
at cardiac MR imaging. Diastolic function was assessed 
at echocardiography. The results were compared with 
those of 16 age-matched healthy control subjects by using 
Mann-Whitney and Kruskal-Wallis tests.

Results: SS patients had significantly higher global ECV (P , .001) 
and higher local ECV for all basal and midventricular LV 
segments. Global ECV significantly correlated with left 
atrial volume (P = .002) and with the grade of diastolic 
dysfunction (P = .016). The majority of SS patients (63%; 
21 of 33 patients) had a high global ECV and a low global 
systolic circumferential strain.

Conclusion: ECV quantification can identify LV abnormalities at an 
early stage in SS patients. These abnormalities may reflect 
increase in diffuse myocardial fibrosis and are associated 
with diastolic LV dysfunction.
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Patients were included in the study 
based on the following criteria: normal 
conventional echocardiographic exami-
nation (normal LV volumes and ejection 
fraction, no severe [grade III] diastolic 
dysfunction [20], no significant valvu-
lar heart disease), and normal resting 
pulmonary arterial pressure as defined 
by peak systolic tricuspid regurgitation 
velocity of 2.8 m/sec or less (21,22). 
Patients were excluded from this study 
if they presented an overlapping con-
nective tissue disease with features of 
SS, or an SS complicated by severe pul-
monary function abnormalities (defined 
as pulmonary function test results for 
forced vital capacity, total lung capacity 
or forced expiratory volume in 1 sec-
ond ,60% of predicted value), renal 
insufficiency (glomerular filtration rate 
,30 mL/min/1.73 m2), known cardiac 
disease, contraindication to cardiac MR 
imaging, or focal abnormalities on LGE-
cardiac MR images. The severity of skin 
involvement in SS patients was deter-
mined by modified Rodnan score (23).

Among the 44 patients enrolled, 
11 were excluded for the following rea-
sons: overlap connective tissue disease 
with features of SS (n = 3), peak systolic 
tricuspid regurgitation velocity greater 
than 2.8 m/sec (n = 6), and obvious 

gadolinium chelate–based contrast 
administration has emerged as a tool 
for cardiac MR imaging that is able 
to identify diffuse interstitial fibrosis 
early in the course of cardiac diseases 
where LGE imaging is normal (15,16). 
Subsequently, this validated method 
has been used to directly quantify the 
myocardial extracellular volume frac-
tion (ECV), which changes when the 
collagen content increases (17,18). 
We hypothesize that ECV is higher in 
patients with SS than in control sub-
jects, and is associated with an early 
LV dysfunction.

The purpose of our study was to 
determine whether ECV quantification 
at cardiac MR imaging can demonstrate 
subclinical LV abnormalities in a cohort 
of consecutive SS patients, and to in-
vestigate the relationship between ECV 
and diastolic and systolic LV function.

Materials and Methods

Study Population
From October 2009 to February 2011, 
consecutive patients with SS were pro-
spectively screened for study enrollment 
at the time of their routine annual clin-
ical evaluation at Louis Pradel Univer-
sity Hospital (Lyon, France). Before any 
diagnostic procedures were performed, 
all patients gave their written informed 
consent to be included in the study, and 
the study protocol was approved by the 
ethics committee of Hospices Civils de 
Lyon Sud Est IV (No. 2006-A00257–
44). The protocol is registered on the 
U.S. Government clinical trials Web site 
(clinicaltrials.gov; 2005.392, Cardiac 
repercussion of systemic sclerodermias, 
NCT00697736). SS was diagnosed ac-
cording to the criteria of the American 
Rheumatic Association (19). All pa-
tients had both transthoracic echocar-
diographic and cardiac MR examination 
in absence of contraindication.

Early identification of myocardial 
dysfunction is a challenge in many 
cardiovascular diseases. Myocar-

dial fibrosis is recognized as the path-
ologic entity that promotes ventricular 
dysfunction in a broad variety of car-
diac disorders even in the absence of 
ischemia (1). Imaging modalities and 
biologic markers have recently emerged 
to detect the presence of myocardial 
fibrosis.

Systemic sclerosis (SS) represents 
a model of progressive interstitial myo-
cardial fibrosis triggered by increased 
endothelin production (2,3). Although 
the primary myocardial involvement 
remains clinically silent in the majority 
of patients (4), it can lead to further 
diastolic and systolic left ventricular 
(LV) dysfunction (5), which is associ-
ated with a poor prognosis (6–8). Early 
detection of myocardial fibrosis may be 
helpful to guide therapy (1,4).

Myocardial biopsy may increase 
the frequency of detection of the car-
diac fibrosis but is limited by its inva-
sive nature and its low sensitivity (9). 
Cardiac magnetic resonance (MR) 
imaging with late gadolinium chelate 
enhancement (LGE) sequences has 
been used to detect myocardial areas 
with replacement fibrosis in some pa-
tients with an advanced stage of SS 
(10,11). However, at an early stage of 
the disease, myocardial fibrosis in SS 
is usually diffuse (12), which goes un-
detected by LGE-cardiac MR imaging. 
Recently (13,14), the measurement 
of the myocardial longitudinal proton 
relaxation time (T1 mapping) after 

Implication for Patient Care

 n ECV imaging may help to diag-
nose early myocardial involve-
ment because of diffuse myocar-
dial fibrosis in SS patients.

Advances in Knowledge

 n Extracellular volume fraction 
(ECV) imaging of the left ven-
tricle enables detection of myo-
cardial structural abnormalities 
in the early stages of systemic 
sclerosis (SS) when standard 
echocardiography and cardiac 
MR imaging with late gadolinium 
chelate enhancement appear 
normal.

 n Structural abnormalities are re-
lated with subtle impairment of 
diastolic cardiac function.

Published online before print
10.1148/radiol.13131280 Content code: 

Radiology 2014; 271:373–380

Abbreviations:
ECV = extracellular volume fraction
LGE = late gadolinium chelate enhancement
LV = left ventricle
MOLLI = modified Look-Locker inversion recovery
SS = systemic sclerosis

Author contributions:
Guarantors of integrity of entire study, F.T., G.D., P.C.; 
study concepts/study design or data acquisition or data 
analysis/interpretation, all authors; manuscript drafting or 
manuscript revision for important intellectual content, all 
authors; approval of final version of submitted manuscript, 
all authors; literature research, F.T., D.L., V.C., G.D., P.C.; 
clinical studies, F.T., L.E., V.C., G.D., P.C.; experimental 
studies, F.T.; statistical analysis, F.T., C.B.; and manuscript 
editing, F.T., C.B., L.E., V.C., G.D., P.C.

Conflicts of interest are listed at the end of this article.

See also the article by Reiter et al and the editorial by Pat-
tanayak and Bluemke in this issue.



Radiology: Volume 271: Number 2—May 2014 n radiology.rsna.org 375

CARDIAC IMAGING: Early Detection of Left Ventricle Involvement in Systemic Sclerosis Thuny et al

for positional variation within and be-
tween breath holds. Parametric T1 re-
laxation time pixel maps were gener-
ated from the MOLLI sequence images 
offline on the open-source software 
program MRmap (26). R1 maps were 
generated by taking the reciprocal of 
the T1 maps on a pixel-by-pixel basis. 
Pre- and postcontrast T1 values were 
corrected for heart rate and used for 
subsequent data analysis.

LV function was assessed with contig-
uous multiple-section short-axis cine im-
ages by using a balanced steady-state free 
precession pulse sequence (echo time 
msec/echo time msec, 3/1.6; section 
thickness, 7 mm; 20 phases; 256 3 184 
matrix). The short-axis scans covered 
the whole LV with eight to 12 contiguous 
sections. LV volumes and mass measure-
ments were performed with dedicated 
software (Argus; Siemens Medical So-
lutions, Erlangen, Germany). Left atrial 
volume was measured by using balanced 
steady-state free precession sequences 
according to the published protocols 
(24). Short-axis balanced steady-state 
free precession tagged acquisitions were 
obtained in basal and midventricular lo-
cations (29–45/1.28 for at least 20 phas-
es; section thickness, 7 mm; tag distance, 
7 mm; flip angle, 20°; field of view, 320 3 
320 mm; matrix, 256; phase resolution, 
32%; bandwidth, 850 Hz) (25).

For detection of focal myocardial 
replacement fibrosis, LGE was visually 
assessed 10 minutes after administra-
tion of gadolinium-based contrast ma-
terial (0.2 mmol/kg at 3 mL/sec) (Dota-
rem; Guerbet, Paris, France) by using 
a three-dimensional gradient spoiled 
turbo fast low-angle shot sequence with 
a selective 180° inversion recovery pre-
pulse in the short axis, which covered 
the whole ventricle (10/1.4; inversion 
time individually determined to null 
the myocardial signal; section thick-
ness, 5 mm; contiguous sections; 256 
3 192 matrix). Two additional long-axis 
views with a similar three-dimensional 
sequence were performed.

For quantification of ECV, a mod-
ified Look-Locker inversion recovery 
(MOLLI) sequence was used as pre-
viously described by Messroghli et al 
(14). MOLLI sequence was acquired 
during end-expiratory apnea in basal 
and midventricular short-axis planes 
before and 5 minutes after adminis-
tration of gadolinium chelate. A re-
gion of interest was drawn along the 
epicardial surface of the LV myocar-
dium on matched pre- and postcon-
trast MOLLI images. By using these 
regions of interest, the pre- and post-
contrast MOLLI images underwent 
nonrigid image registration to adjust 

LGE at cardiac MR imaging (n = 2).  
Data are therefore presented for 33 SS 
patients (median age, 46 years; inter-
quartile range, 41–54). Clinical char-
acteristics of the study population are 
presented in Table 1. Among the SS pa-
tients, there were 28 women (median 
age, 52 years; age range, 42–61 years) 
and five men (median age, 48 years; 
age range, 42–53 years; P = .60). SS 
patients were compared with 16 age-
matched healthy volunteers (median 
age, 50 years; interquartile range, 42–
61; P = .28) without overt heart disease 
and who had normal results when they 
underwent standard echocardiography.

Echocardiography
All echocardiographic studies were per-
formed by radiologists with more than 
10 years of experience in echocardiog-
raphy (G.D., L.E., H.T., and M.L.) on 
an echocardiographic machine (Vivid 7; 
GE Vingmed, Milwaukee, Wis). Blind-
ed offline analysis by a single operator 
with more than 10 years of experience 
in echocardiography (M.L.) was per-
formed by using software (EchoPAC PC 
version 6.1.1; GE Vingmed). Grayscale 
two-dimensional echo and tissue Dop-
pler imaging cine loops were obtained 
at end-expiratory apnea from three 
consecutive cardiac cycles triggered 
from the QRS complex. Mitral Doppler 
inflow patterns were obtained from an 
apical four-chamber view to measure 
early and late diastolic wave peak veloc-
ities. Systolic and diastolic pulmonary 
veins inflow peaks were also recorded.

Cardiac MR Methods and Image Analysis
All cardiac MR studies were per-
formed on the same day as echocardi-
ography on a 1.5-T system (Magnetom 
Avanto; Siemens, Erlangen, Germany) 
with vectorcardiogram monitoring by 
using a six-element anterior body ar-
ray coil combined with a six-element 
posterior spine coil. A comprehensive 
cardiac MR protocol was used for the 
assessment of each patient. All images 
were interpreted by a single operator 
with more than 10 years of experience 
in cardiac MR imaging (P.C.) who was 
blinded to the clinical and echocardio-
graphic data.

Table 1

Demographic, Clinical, and Biologic 
Characteristics of SS Patients

Parameter SS Patients (n = 33)

Median age (y)* 46 (41–54)
No. of men 5
No. of women 28
Limited cutaneous  

disease (no.)
26

Diffuse cutaneous  
disease (no.)

7

Median Rodnan score 2 (06)
Raynaud  

phenomenon (no.)
31 (94)

Lung fibrosis (no.) 7 (21)
Median heart rate  

(beats/min)*
72 (64–80)

Median systolic blood  
pressure (mmHg)*

120 (101–121)

Diastolic blood  
pressure (mmHg)*

70 (65–80)

Median body mass  
index (kg/m2)*

22 (21–24)

Treatment
 Calcium-channel 

blockers (no.)
21 (64)

 Angiotensin-converting  
enzyme inhibitors (no.)

1 (3)

 Prednisone (no.) 1 (3)
Median NT-proBNP  

(pg/mL)*
162 (78–186)

Median creatinine serum  
level (mmol/ L)*

65 (54–69)

Antinuclear antibodies  
(no.)

19 (58)

Anticentromere  
antibodies (no.)

12 (36)

Antitopoisomerase I  
antibodies (no.)

11 (33)

Note.—Data in parentheses are percentages unless 
otherwise noted. There were 33 SS patients. BNP = brain 
natriuretic peptide.

* Data in parentheses are interquartile range.
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LV contours were manually traced and 
the mean ECV was subsequently calcu-
lated by summation and by averaging 
values for each myocardial pixel within 
the basal and midventricular sections. 
The basal and midventricular sections 
were also divided into the six standard 
LV segments (27), and ECV for each 
segment was calculated.

Global peak circumferential sys-
tolic strain was calculated on short-axis 
tagged images by using the sine-wave 
modeling method (28). Figure 1 illus-
trates the ECV map and strain imaging.

Statistical Analysis
Continuous data were reported as me-
dian and interquartile range. Categori-
cal data were reported as frequencies 
and percentages. Continuous data were 
compared by using the Mann-Whitney 
test (two groups compared) or Kruskal-
Wallis test (more than two groups com-
pared). Correlations (r value) between 
continuous variables were tested by the 
Pearson method. Logistic regression 
was performed to test whether ECV 
could differentiate between control 
subjects and SS patients independent 
of other factors.

This statistical analysis was con-
ducted by using statistical software 
(SPSS for Windows, version 17.0; 
SPSS, Chicago, Ill). All tests were 
two-sided. P values less than .05 indi-
cated statistical significance. To com-
pare ECV across the 12 LV segments, 
we used a Bonferroni correction for 

equation (17,18) (Fig 1) [ECV (%) = 
(1 2 hematocrit) 3 R1myo/R1blood], 
where R1myo is the difference between 
postcontrast and precontrast R1 for 
myocardium and R1blood is the differ-
ence between postcontrast and pre-
contrast R1 for blood. Each parametric 
ECV map image was then transferred 
into an open-source imaging software 
(Digital Imaging and Communications 
in Medicine; OsiriX; Geneva, Switzer-
land). The epicardial and endocardial 

Maps of the difference between 
postcontrast and precontrast R1 were 
generated by subtracting the postcon-
trast R1 map from the precontrast R1 
map. In these maps, a region of interest 
was placed in the LV blood pool, and 
the map was divided by the mean dif-
ference between postcontrast and pre-
contrast R1 value of the LV blood pool 
and multiplied by (1 2 hematocrit), 
thus yielding a quantitative pixel map 
of the ECV according to the validated 

Figure 1

Figure 1: Quantitative LV ECV and circumferential strain. A, ECV map obtained from the parametric T1 relaxation time pixel maps before and after adminis-
tration of gadolinium chelate and the hematocrit value. LV pic global and segmental systolic circumferential strain values were obtained by using Intag software 
(Creatis; University of Lyon, Lyon, France) from tagging sequences, which generated, B, strain map and, C, curves. In C, green = inferoseptal and inferior seg-
ments, pink = anterior segment, yellow = anteroseptal segment, and blue = anterolateral and lateral segments.

Table 2

Cardiac Morphology and Function Assessed with Cardiac MR Imaging and 
Echocardiography

Parameter Control Subjects (median) SS Patients (median) P Value

Cardiac MR
 LV end diastolic volume, mL/m2 73 (69–80) 74 (68–82) .90
 LV end systolic volume, mL/m2 28 (22–30) 29 (20–37) .54
 LV ejection fraction, % 64 (61–67) 60 (57–67) .22
 LV mass, g/m2 56 (52–64) 52 (45–62) .13
 Left atrial volume, mL/m2 29 (23–38) 44 (38–55) .002
 Global systolic circumferential strain, % 220.2 (219.5 to 222.3) 218.3 (217.2 to 220.7) .05
Echocardiography
 Mitral peak E velocity, cm/sec 85 (73–90) 82 (71–96) ..999
 Mitral peak A velocity, cm/sec 69 (62–82) 68 (55–80) .28
 Mitral peak E/A ratio 1.2 (0.9–1.4) 1.2 (0.9–1.6) .44
 Mitral deceleration time, msec 197 (157–220) 200 (157–206) .91
 Mitral IVRT, msec 87 (78–95) 87 (82–97) .74
 Pulmonary veins S/D ratio 1.1 (1.1–1.4) 1.3 (1.1–1.4) .47
 Pulmonary veins Ap-Am 226 (232 to 26) 234 (240 to 219) .14

Note.—Incorporated in this table are 16 control patients and 33 SS patients. Data in parentheses are interquartile range. A = 
atrial contraction wave, Am = duration of A wave on mitral flow (msec), Ap = duration of A wave on pulmonary venous flow 
(msec), D = diastolic component of the pulmonary venous flow, E = peak early diastolic mitral annulus velocity, IVRT = isovolumic 
relaxation time, S = systolic component of the pulmonary venous flow.
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global ECV and a low global systolic cir-
cumferential strain. Only three SS pa-
tients had a normal ECV value. More-
over, no SS patients had normal values of 
these two parameters together (Fig 3).  
ECV differentiated between SS and 
control subjects independently of global 
systolic circumferential strain (odds ra-
tio, 2.0; 95% confidence interval: 1.3, 
3.1; P = .001). ECV remained associ-
ated with SS when age and sex were 
added in the model (odds ratio, 1.9; 
95% confidence interval: 1.2, 3.1; P = 
.009).

In the SS group, 25 patients had a 
pattern of diastolic dysfunction (grade 
I, 12 patients; grade II, 13 patients). 
The increase in global ECV value with 
the grade of diastolic dysfunction was 
significant (P = .016, Fig 4). There was 
no significant correlation between the 
global ECV and the Rodnan score (r = 
0.24; P = .18), and there was no signif-
icant correlation with the presence of a 
diffuse cutaneous form (P = .44).

Discussion

The major finding of this study is that 
ECV imaging performed early in the 

segment-based analysis confirmed a 
higher myocardial ECV in SS patients 
for all basal and midventricular LV seg-
ments (Fig 2b).

ECV in SS patients was higher than 
that in control subjects in both women 
(control subjects: median, 29.2%; 
range, 26.8%–29.7%; SS patients: 
median, 30.5%; range, 28.8%–32.0%; 
P = .03) and men (control subjects: 
median, 25.9%; range, 24.3%–27.3%; 
SS patients: median, 27.3%; 25.9%–
29.6%; P = .19).

Clinical and imaging variables were 
compared with the global myocardial 
ECV, which revealed no significant as-
sociations (Table E1 [online]). In SS 
patients, the global myocardial ECV 
significantly correlated with the left 
atrial volume (r = 0.52; P = .002). No 
significant correlation was observed 
between the global myocardial ECV 
and the global systolic circumferen-
tial strain (r = 20.15; P = .31). After 
stratification according to the control 
group’s median values of the global 
ECV (median, 26.8%) and the global 
systolic circumferential strain (median, 
220.2%), the majority of SS patients 
(63%; 21 of 33 patients) had a high 

multiple comparisons and considered 
P values less than .004 to indicate sta-
tistical significance.

Results

Clinical Characteristics and Global LV 
Function Data
Clinical characteristics of the study 
population are presented in Table 1. No 
significant differences were observed 
between the SS and control groups in 
terms of blood pressure and body mass 
index. SS patients were comparable 
with control subjects in terms of LV vol-
umes, LV ejection fraction, and mass. 
However, SS patients had a significantly 
larger left atrial volume (P = .002) and 
lower global systolic circumferential 
strain (P = .05) than did control sub-
jects (Table 2).

Myocardial ECV
Compared with control subjects, SS 
patients had significantly higher global 
myocardial ECV (control subjects: me-
dian, 26.8%; range, 25.4%–29.1%; 
SS patients: median, 30.0%; range, 
28.0%–31.9%; P , .001; Fig 2a). The 

Figure 2

Figure 2:  Box and whisker plots of ECV in SS patients and controls. A, SS patients had significantly higher global myocardial ECV than control subjects. B, The 
segment-based analysis confirmed a higher myocardial ECV in SS patients for all basal and midventricular LV segments. Higher ECV values were observed in septal 
LV segments both in SS patients and control subjects. ∗ = P , .004.
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Flett et al (17) resolved these is-
sues by using a bolus of the extracel-
lular gadolinium-based contrast agent 
followed by continuous infusion to 
achieve blood-to-myocardial contrast 
equilibrium. This approach requires 
long examination times and is complex. 
More recently, Ugander et al (18) 
demonstrated that although the T1 
and contrast agent concentrations are 
constantly changing after bolus injec-
tion, the relationship between normal 
myocardium and blood remains in a 
dynamic equilibrium and is inherently 
insensitive to time of imaging from 5 to 
25 minutes after contrast injection. As 
a result, the myocardial ECV could be 
reliably measured by using a bolus ap-
proach without the need for prolonged 
infusion.

Significance of Elevated ECV in SS
In this study, we demonstrated that 
SS patients had a significantly higher 
global myocardial ECV than did age-
matched control subjects. This result 
is presumably because of the retention 
of gadolinium-based agent in abnormal 
myocardium with diffuse fibrosis and/
or necrosis. However, the pathophysi-
ologic cause of the myocardial damage 
remains controversial in SS. Some au-
thors speculated that fibrosis is an early 
abnormality, and others suggested that 
it could be the consequence of repeated 
vasospasm of the microcirculation and/
or the reduction of the coronary flow 
reserve (30).

Since necrosis and fibrosis are 
characterized by a substantial increase 
in the interstitial volume of distribution 
for gadolinium-based agents (which 
have a T1-reducing effect) these le-
sions are probably the cause of the 
global myocardial ECV increase. The 
segment-based analysis showed a 
higher ECV value in all LV segments 
tested, which demonstrated the dif-
fuse pattern of the SS-related abnor-
malities. Interestingly, we found higher 
ECV values in septal LV segments in 
both SS patients and control subjects. 
This finding confirms previous studies, 
which suggests that this region is par-
ticularly prone to development of fibro-
sis (31), but it could also be explained 

on LGE imaging. In addition, the ECV 
abnormalities correlated with diastolic 
LV parameters.

ECV Imaging
There are several different cardiac MR 
acquisition techniques for obtaining 
myocardial T1 maps that differ in their 
T1 value ranges, sensitivity to mo-
tion artifacts and heart rate, and re-
producibility, but we have chosen the 
MOLLI sequence because it has been 
thoroughly described, optimized, and 
tested, and it provides rapid and highly 
reproducible T1 maps with high levels 
of intraobserver and interobserver 
agreement (1,13–16,29). Measures of 
ECV in the control group were compa-
rable with those obtained by previous 
studies (18). However, evaluation of 
ECV based solely on postcontrast T1 
may be misleading because it could be 
influenced by potential confounders of 
gadolinium chelate distribution, such 
as renal clearance, injection rate, and 
the timing of image acquisition after 
contrast administration. Moreover, 
the measurement of ECV depends on 
both precontrast and postcontrast T1 
in the tissue and blood as well as the 
hematocrit.

course of SS reveals myocardial abnor-
malities consistent with diffuse myo-
cardial fibrosis that are not apparent 

Figure 3

Figure 3: Repartition of SS 
and control patients according 
to their ECV and global systolic 
circumferential strain. The dotted 
lines represent the median value 
of the global ECV and systolic 
circumferential strain deter-
mined in the control group.  
SSc = systemic sclerosis.

Figure 4

Figure 4:  Box and whisker plot of ECV according 
to the diastolic dysfunction pattern in SS patients.



Radiology: Volume 271: Number 2—May 2014 n radiology.rsna.org 379

CARDIAC IMAGING: Early Detection of Left Ventricle Involvement in Systemic Sclerosis Thuny et al

systemic sclerosis: influence of pulmonary 
or systemic arterial hypertension. Ann 
Rheum Dis 1995;54(9):730–734. 

 3. Leask A. The role of endothelin-1 signaling 
in the fibrosis observed in systemic sclero-
sis. Pharmacol Res 2011;63(6):502–503. 

 4. Candell-Riera J, Armadans-Gil L, Simeón CP, 
et al. Comprehensive noninvasive assessment 
of cardiac involvement in limited systemic 
sclerosis. Arthritis Rheum 1996;39(7): 
1138–1145. 

 5. Meune C, Avouac J, Wahbi K, et al. Cardiac 
involvement in systemic sclerosis assessed 
by tissue-doppler echocardiography during 
routine care: A controlled study of 100 con-
secutive patients. Arthritis Rheum 2008; 
58(6):1803–1809. 

 6. Steen VD, Medsger TA Jr. Severe organ in-
volvement in systemic sclerosis with diffuse 
scleroderma. Arthritis Rheum 2000;43(11): 
2437–2444. 

 7. Ferri C, Valentini G, Cozzi F, et al. Systemic 
sclerosis: demographic, clinical, and se-
rologic features and survival in 1,012 
Italian patients. Medicine (Baltimore) 
2002;81(2):139–153. 

 8. Scussel-Lonzetti L, Joyal F, Raynauld JP, et 
al. Predicting mortality in systemic sclero-
sis: analysis of a cohort of 309 French Cana-
dian patients with emphasis on features at 
diagnosis as predictive factors for survival. 
Medicine (Baltimore) 2002;81(2):154–167. 

 9. Fernandes F, Ramires FJ, Arteaga E, Ianni 
BM, Bonfá ES, Mady C. Cardiac remodel-
ing in patients with systemic sclerosis with 
no signs or symptoms of heart failure: an 
endomyocardial biopsy study. J Card Fail 
2003;9(4):311–317. 

 10. Tzelepis GE, Kelekis NL, Plastiras SC, et al. 
Pattern and distribution of myocardial fibro-
sis in systemic sclerosis: a delayed enhanced 
magnetic resonance imaging study. Arthritis 
Rheum 2007;56(11):3827–3836. 

 11. Hachulla AL, Launay D, Gaxotte V, et al. 
Cardiac magnetic resonance imaging in 
systemic sclerosis: a cross-sectional obser-
vational study of 52 patients. Ann Rheum 
Dis 2009;68(12):1878–1884. 

 12. D’Angelo WA, Fries JF, Masi AT, Shulman 
LE. Pathologic observations in systemic scle-
rosis (scleroderma). A study of fifty-eight 
autopsy cases and fifty-eight matched con-
trols. Am J Med 1969;46(3):428–440. 

 13. Messroghli DR, Radjenovic A, Kozerke S, 
Higgins DM, Sivananthan MU, Ridgway JP. 
Modified Look-Locker inversion recovery 
(MOLLI) for high-resolution T1 mapping 
of the heart. Magn Reson Med 2004;52(1): 
141–146. 

correlation with the myocardial colla-
gen content in patients with different 
heart diseases (17), it might be also 
modified by other abnormalities that 
are sometimes observed in the myo-
cardial interstitium of patients with SS, 
such as inflammatory infiltrates.

Conclusion
The ECV imaging by cardiac MR im-
aging can identify LV abnormalities at 
an early stage in SS patients without 
cardiovascular clinical signs, no obvi-
ous abnormalities at standard echo-
cardiography and cardiac MR, and no 
LGE. These abnormalities may reflect 
increase in diffuse myocardial fibro-
sis and are associated with diastolic 
LV dysfunction. Further studies are 
needed to confirm these results and to 
investigate the clinical utility for guiding 
therapy with antifibrotic drugs such as 
endothelin receptor antagonists.
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