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ARTICLE INFO ABSTRACT
Keywords: Background: We evaluated the prevalence of myocardial involvement by native T1 and T2 mapping, the diag-
Systemic sclerosis nostic performance of mapping in addition to conventional Lake Louise Criteria (LLC), as well as correlations
Cardiac magnetic resonance between mapping findings and clinical or conventional cardiovascular magnetic resonance (CMR) parameters in
E Ezggizg systemic sclerosis (SSc) patients.
Methods: Fifty-five SSc patients (52.31 + 13.24 years, 81.8% female) and 55 age- and sex-matched healthy
subjects underwent clinical, bio-humoral assessment, and CMR. The imaging protocol included: T2-weighted,
early post-contrast cine sequences, native T1 and T2 mapping by a segmental approach, and late gadolinium
enhancement (LGE) technique.
Results: Global myocardial T1 and T2 values were significantly higher in SSc patients than in healthy subjects. An
increase in native T1 and/or T2 was present in the 62.1% of patients with normal conventional CMR techniques
(negative LGE and T2-weighted images). Respectively, 13.5% and 59.6% of patients fulfilled original and
updated LLC (overall agreement = 53.9%).
Compared with patients with normal native T1, patients with increased T1 (40.0%) featured significantly higher
left ventricular end-diastolic volume index and cardiac index, biventricular stroke volume indexes, and global
heart T2 values, and more frequently had a history of digital ulcers. Biochemical and functional CMR parameters
were comparable between patients with normal and increased T2 (61.8%).
Conclusion: T1 and T2 mapping are sensitive parameters that should be included in the routine clinical assess-
ment of SSc patients for detecting early/subclinical myocardial involvement.
1. Introduction one of the organs most frequently affected [2], with the myocardium
and pericardium damaged separately or concomitantly [3]. Cardiac
Systemic sclerosis (SSc) is a complex, clinically heterogeneous dis- involvement is one of the major determinants of morbidity and mor-
ease, characterized by auto-antibodies, inflammation, microvascular tality, accounting for a significant number of SSc-related deaths [4].
dysfunction, and collagen deposition leading to fibrosis [1]. The heart is Therefore, it is essential to detect cardiac involvement early in a
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clinically asymptomatic phase for a better management of SSc patients
[5]. This would allow the identification of those patients who can
benefit from specific treatments, improving their risk stratification and
prognosis.

Multiparametric cardiovascular magnetic resonance (CMR) perfectly
fits to this purpose, allowing to detect myocardial fibrosis and edema/
inflammation, representing the two hallmarks of myocardial involve-
ment [6,7]. The late gadolinium enhancement (LGE) technique is the
gold standard for the non-invasive detection of focal/replacement
myocardial fibrosis. In SSc replacement myocardial fibrosis predicts
ventricular rhythm disturbances, accounting for the majority of cardiac
deaths [8], but it represents a relatively late stage of the disease and it is
not reversible. Moreover, the LGE technique has strong limitations in the
assessment of diffuse myocardial fibrosis, where there may be little
unaffected myocardium, as occurs with SSc. Important advantages in
this sense have been brought with the introduction of the native T1 and
extracellular volume (ECV) mapping techniques by the detection of the
interstitial expansion and the diffuse fibrosis, that match more appro-
priately with the early and subclinical stages of the disease [9,10]. Both
elevated native T1 and ECV were demonstrated to predict adverse
events in SSc [11]. Although conventional non parametric T2-weighted
(T2-w) imaging can identify areas of myocardial inflammation, both T1
and T2 mapping techniques were demonstrated to be more sensitive for
this purposes [12-15]. Particularly in SSc, T2 mapping technique is
expected to determine a consistent reduction of false negatives. In fact,
the non parametric T2-w images rely on the comparison with a reference
region such as the skeletal muscle, which is presumed normal, although
it may be often inflamed.

Since 2009, the Lake Louise Criteria (LLC) [16] have been exten-
sively used for the CMR-based diagnosis of myocardial inflammation.
Recently, the original LLC have been revised with the implementation of
T1 and T2 mapping techniques [17]. To the best of our knowledge, only
one study has compared the diagnostic performance of the original LLC
and the updated LLC for the diagnosis of cardiac inflammation in SSc
and it has not detected a significant difference. However, this study
involved only patients with diffuse cutaneous systemic sclerosis, which
is the most severe subtype, not representative of the whole SSc popu-
lation [18].

It has been shown that SSc patients have significantly higher
myocardial T1, ECV and T2 values compared with controls, despite the
absence of differences in left ventricular (LV) volumes and ejection
fractions [9,19,20], suggesting that all mapping techniques may serve as
an early screening tool, before the occurrence of overt LV dysfunction.
However, the correlation of clinical, biological and CMR findings with
elevated native T1 values has been little explored in SSc [19,21] and no
such data exist for T2 values.

The aims of this study were: 1) to compare CMR findings between
SSc patients and healthy controls matched for age and sex, 2) to evaluate
the prevalence of cardiac involvement by native T1 and T2 mapping and
to assess the diagnostic performance of mapping in addition to the
conventional LLC in SSc patients, 3) to determine the correlation of
native myocardial T1 and T2 values with classic CMR parameters and
clinical findings in SSc patients.

2. Methods
2.1. Study population

Fifty-five consecutive patients fulfilling the 2013 American College
of Rheumatology/European League Against Rheumatism (ACR/EULAR)
classification criteria for SSc [22] were prospectively enrolled between
August 2018 and December 2020. Patients were either asymptomatic or
paucisymptomatic for symptoms of possible cardiovascular origin
(effort dyspnea, fatigue, and palpitations) and none presented renal
failure or any contraindication to CMR. All patients underwent bio-
humoral assessment within three months from the CMR scan and the
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clinical history was recorded.

Moreover, 55 healthy subjects matched for age and sex were
considered as control population. All healthy subjects had normal
electrocardiogram, no history of cardiac diseases or symptoms, no car-
diovascular risk factors (CVRF), and no known systemic disease.

The study was conducted according to the principles of the Decla-
ration of Helsinki and was approved by the local Ethical Committee
(Pisa, Italy). All subjects gave written informed consent.

2.2. CMR

CMR exams were performed on a 1.5 T scanner (Signa Artist; GE
Healthcare) using a 30-element cardiac phased-array receiver surface
coil with breath-holding and ECG-gating.

Image analysis was performed using MASS® software (Medis, Lei-
den, The Netherlands).

Three parallel short-axis slices (basal, medial, and apical) of the left
ventricle (LV) were acquired in end-diastole by a Modified Look-Locker
Inversion recovery (MOLLI) sequence with a 3(3 s)3(3 s)5 scheme for T1
mapping [23] and by a multi-echo fast-spin-echo (MEFSE) sequence for
T2 mapping [24]. Pixel-wise T1 and native T2 maps were generated on
the scanner and transferred to the workstation for offline post-
processing, that involved the manual tracing of endocardial and
epicardial borders, avoiding blood pool and epicardial fat, and the
definition of the inferior right ventricular (RV) insertion point for the
standard myocardial segmentation, according to the AHA/ACC model
[25]. Global T1 and T2 values were obtained by averaging the values in
all 16 myocardial segments.

Short axis and radial black-blood T2-w short tau inversion recovery
(STIR) images were acquired to detect edema. To avoid false negative
(inferolateral wall) or false positive (septum) results due to an inho-
mogeneous sensitivity field of surface coils, a signal intensity (SI)
correction algorithm or the body coil were used. The presence of edema
was firstly assessed qualitatively by visual analysis and it was considered
present when visualised in two different views and confirmed by a semi-
quantitative analysis (signal intensity >2 standard deviations above the
mean value of skeletal muscle). Moreover, edema was considered pre-
sent semi-quantitatively when the myocardial T2 ratio, relating the
average SI of the LV to that of the skeletal muscle, was >1.9 [16,26].

Short-axis cine steady-state free precession (SSFP) images were ac-
quired immediately after the intravenous administration of a macrocy-
clic gadolinium-based contrast agent at the standard dose of 0.2 mmol/
kg to quantify biventricular function parameters in a standard way [27]
and to detect hyperemia [28].

Atrial areas were measured from the 4 chamber view projection in
ventricular end-systolic phase.

LGE short-axis, vertical, horizontal, and oblique long-axis images
were acquired by a T1-weighted gradient-echo inversion-recovery pulse
sequence 8-18 min after the contrast agent administration. Images were
evaluated qualitatively by two experienced cardiologists or radiologists
for the presence, pattern, and regional distribution of LGE areas.

For 30 patients, post-contrast T1 images were acquired 10 min after
contrast medium administration and image analysis was performed by
using the same approach employed for pre-contrast T1 images.
Segmental ECV values were calculated with input of native and post-
contrast myocardial segmental and blood pool T1 values and hemato-
crit, as described by Arheden et al. [29].

CMR protocol for age- and sex-matched healthy subjects included
SSFP, T1 and T2 mapping images.

2.3. Diagnostic criteria

According to data acquired on 80 healthy subjects in our MR center,
normal range for global heart T1 values was 928-1060 ms in males and
989-1085 ms in females. For global heart T2 values normal range was
48-56 ms in males and 50-57 ms in females.
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The cut-off value previously determined at our MR center for the
definition of increased global ECV was 29%.

Myocarditis/myocardial inflammation was defined based on both
the original and updated LLC. According to original LLC, a positive
diagnosis was established with the presence of at least two out of 3 of the
following CMR features: edema, hyperemia, and a positive LGE [16].
The updated LLC do not take myocardial hyperemia into account and
include the mapping-based indices [17]. The diagnosis of myocarditis
requires the combined presence of a T1 criterion (presence of LGE or
increased T1 mapping values or increased ECV value) and a T2 criterion
(hyperintensity in T2-w STIR or increased T2 mapping values).

2.4. Statistical analysis

Continuous variables were described as mean =+ standard deviation
(SD) and categorical variables as frequencies and percentages.

The normality of distribution of the parameters was assessed by
using the Kolmogorov-Smirnov test or the Shapiro-Wilk test for a sample
size<50.

The comparison between two groups was made by the independent-
samples t-test or the Mann-Whitney test for continuous variable while
the x2 testing was performed for non-continuous variables.

Correlation analysis was performed using Pearson’s test or Spear-
man’s test where appropriate.

Logistic regression was used to evaluate the odds ratio (OR) with
95% confidence intervals (CI). The OR was used to compare the odds for
two groups.

The agreement between the original and update LLC was assessed
with Cohen’s kappa test and marginal homogeneity was assessed with
McNemar’s test. Overall, positive and negative agreement was
calculated.

In all tests, a 2-tailed probability value of 0.05 was considered sta-
tistically significant.

3. Results
3.1. Comparison between SSc patients and healthy subjects

The main characteristics of SSc patients are summarized in Table 1.

Mean age was 52.31 + 13.24 years (range: 25-76 years) and 45
(81.8%) patients were women. Twelve (21.8%) patients had disease
duration <2 years and 8 (14.5%) patients had diffuse cutaneous SSc
(deSSce).

Table 1 shows the comparison between SSc patients and age- and
sex-matched healthy subjects. Per inclusion criteria, healthy subjects
had no CVRF and the frequency of systemic arterial hypertension and
dyslipidemia was significantly increased in SSc patients. The LV cardiac
index was significantly higher in SSc patients than in healthy subjects
while no significant difference was found in all other biventricular
function parameters. SSc patients showed significantly higher global
heart T1 values and T2 values.

3.2. CMR features of SSc patients

A significant correlation was found between global heart T1 and T2
values (R = 0.695; P < 0.0001).

Compared to females, males showed significantly lower global heart
T1 values (1032.64 + 36.21 ms vs 1078.57 4 49.68 ms; P = 0.008) and
T2 values (55.36 + 4.53 ms vs 58.09 + 3.66 ms; P = 0.046). By using sex
specific-thresholds, frequency of females was comparable between pa-
tients with normal and increased mapping values (Tables 2-3).

Age was inversely correlated with global heart T1 values (R = -0.333;
P = 0.013) but not with global heart T2 values (R = -0.131; P = 0.342).

Native global heart T1 values, global heart T2 values, and biven-
tricular function parameters were comparable between patients without
and with interstitial lung disease.
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Table 1
Comparison between SSc patients and healthy subjects matched for age and sex.
Ssc patients Healthy P
(N =55) subjects (N =
55)
Demographics, clinical features, and co-morbidity
Females, N (%) 45 (81.8) 45 (81.8) 1.000
Age (years) 52.31 + 51.52 + 12.09 0.462
13.24
NYHA class, N(%)
I 35 (63.6)
)i 20 (36.4)
m 0(0.0)
v 0(0.0)
Palpitations, N (%) 48 (87.3) 0 (0.0) <0.0001
Chest pain, N (%) 13 (23.6) 0 (0.0) <0.0001
Diabetes, N (%) 2(3.6) 0 (0.0) 0.495
Systemic arterial hypertension, N 11 (20.0) 0(0.0) 0.001
(%)
Dyslipidemia, N (%) 5(9.1) 0 (0.0) 0.022
Interstitial lung disease, N (%) 17/47 (36.2)
Disease activity and chronicity indices
Duration of SSc (years) 7.48 + 6.31
VEDOSS, N (%) 37 (67.3)
dcSSc, N (%) 8 (14.5)
Seropositivity for anti-topoisomerase
[ antibody, N (%) 16/52 (29.1)
Seropositivity for anti-centromere
antibody (IcSSc only), N (%) 18/45 (40.0)
Modified Rodnan skin score 2.49 + 4.78
Raynaud phenomenon, N (%) 55 (100.0)
Biochemical and instrumental parameters
Hematocrit (%) 40.92 + 4.08
Creatinine (mg/dl) 0.76 + 0.17
Estimated creatinine clearance (ml/ 90.41 +
min) 21.34
164.09 +
NT-proBNP (ng/D 448.85
High-Sensitivity Troponin (ng/l) 3.73 +£7.43
71.79 +
0,
DLCO (%) 17.53
107.63 +
ii ii 0,
Forced vital capacity (%) 19.98
Medical therapy
At least one cardio-active
medication, N (%) 24 (43.6)
Anticoaugulants, N (%) 15 (27.3)
Beta-blocker, N (%) 4(7.3)
ACE inhibitors, N (%) 4(7.3)
Angiotensin receptor blockers, N (%) 3 (5.5)
Calcium antagonists, N (%) 5(19.1)
Amiodarone, N (%) 2(3.6)
Immunotherapy, N (%) 32 (58.2)
CMR parameters
LV EDVI (ml/m2) 71';2; 71.47 +£12.11 0.952
LV ESVI (ml/m2) 25.18 +£9.78 25.46 +7.76 0.645
LV SVI (ml/m2) 46.33 + 7.54 46.12 + 8.14 0.576
LV mass index (ml/m2) 5?652;: 51.23 + 12.69 0.306
LV cardiac index (I/min/m2) 3.29 + 0.60 2.95 + 0.67 0.002
LV EF (%) 65.62 + 7.78 64.68 + 6.70 0.501
69.89 +
RV EDVI (ml/m2) 14.51 68.50 + 12.36 0.590
RV ESVI (ml/m2) 26.25 +9.91 25.81 +7.86 0.857
RV SVI (ml/m2) 43.75 + 7.84 43.04 £ 8.10 0.646
RV EF (%) 63.25 + 6.91 63.24 + 5.63 0.987
LA area index (cm/m2) 11.67 + 2.34 10.84 + 1.76 0.059
RA area index (cm/m2) 11.06 + 1.92 10.35 + 1.34 0.184
Positive T2-weighted images for 712.7)

myocardial edema, N (%)

(continued on next page)
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Table 1 (continued)

Ssc patients Healthy P
(N =55) subjects (N =
55)
Hyperemia by post-contrast SSFP, N 0 (0.0)
(%)
Presence of LGE, N (%) 26 (47.3)
Pericardial effusion, N (%) 8 (14.5) 0 (0.0) 0.006
Native global heart T1 values (ms) 1070.22 + 1033.56 + <0.0001
50.49 32.87

Native global heart T2 values (ms) 57.59 + 3.93 54.66 + 2.28 <0.0001

Ssc, systemic sclerosis; N, number; NYHA, New York Heart Association;
VEDOSS, very early diagnosis of systemic sclerosis; dcSSc, diffuse cutaneous
systemic sclerosis; 1cSSc, limited cutaneous systemic sclerosis; NT-proBNP, N-
terminal pro b-type natriuretic peptide; DLCO, carbon monoxide diffusing ca-
pacity; ACE, angiotensin converting enzyme; CMR, cardiac magnetic resonance;
LV, left ventricular; EDVI, end-diastolic volume index; ESVI, end-systolic volume
index; EF, ejection fraction; RV, right ventricular; LA, left atrium; RA, right
atrium; SSFP, steady-state free precession; LGE, late gadolinium enhancement.

Twenty-two (40.0%) patients had an increased native global heart
T1 value (iT1). Thirty-four (61.8%) patients had an increased global
myocardial T2 value (iT2).

LGE was detected in 26 (47.3%) patients. One patient showed a
transmural LGE in the apical inferior segment. One patient (with pre-
vious myocardial infarction) had a mixed LGE. The remaining 24 pa-
tients had a non-ischemic LGE pattern: 14 (58.3%) mid-wall, 4 (16.7%)
subepicardial, and 6 (25.0%) junctional, with the septum involved in the
87.5% of the cases. Positive LGE patients showed higher global heart T1
values than LGE negative patients but the statistical significance was not
reached (1083.08 + 57.32 ms vs 1058.69 + 41.12 ms; P = 0.084) while
a significant difference was detected for global heart T2 values (58.77 +
4.24 ms vs 56.54 + 3.36 ms; P = 0.034).

Edema by STIR T2-w images was detected in 7 patients (12.7%) and
the septum was involved in 5 of them. No patient presented with a T2
ratio > 1.9. All patients with positive STIR T2-w images had an
increased global heart T1 and/or T2 value. A significant difference be-
tween patients with and without edema detected by non-parametric
T2w sequences was detected for both global heart T1 values (1116.29
+ 64.13 ms vs 1063 + 45.19 ms; P = 0.009) and T2 values (60.48 +
4.57 ms vs 57.17 4+ 3.69 ms; P = 0.036). Segments with visible edema by
STIR T2-w images (N = 20) had significantly higher correspondent
native T1 values (1120.55 + 100.56 ms vs 1069.11 + 78.32 ms; P =
0.023) as well as T2 values (63.08 & 9.61 ms vs 57.42 &+ 6.25; P =
0.004) than segments without visible edema.

Only 20% of patients had normal conventional CMR (no LGE and no
edema by STIR T2-weighted) and normal native mapping indices. An
increase in native T1 and/or T2 mapping was present in the 62.1% of the
patients (18 out of 29) with normal conventional CMR (Fig. 1).

Fig. 2 displays a patient with normal conventional CMR parameters
but increased segmental and global T2 and T1 values.

Disease activity and chronicity indices and biochemical parameters
did not differ in patients with versus without normal conventional CMR.

3.3. Agreement between original and updated LLC

The agreement between original and updated LLC was assessed for
52 patients, as 3 patients with a positive T2 criterion (T2 mapping), had
negative LGE and T1 mapping, but ECV was not available. Original LLC
were fulfilled in 7 (13.5%) patients and all of them had also positive
updated LLC. The updated LLC were fulfilled in 31 patients (59.6%). The
Cohen’s Kappa was 0.19 (95%CI 0.05-0.33). The overall agreement
between the two criteria was 53.85%, the positive agreement 36.84%,
and the negative agreement 63.64%.

The McNemar’s test revealed a significant difference between the
two criteria (absolute difference in proportion 46.15%; Chi-square
22.04; P < 0.0001).
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Table 2
Clinical, biochemical and CMR differences in SSc patients categorized on the
basis of the global heart T1 value.

Normal global Increased global P
heart T1 value heart T1 value (N
(N =33) =22)
Demographics, clinical features, and co-morbidity
Females, N (%) 25 (75.8) 20 (90.9) 0.284
Age (years) 55.91 +12.11 50.08 + 13.59 0.114
NYHA class, N(%)
1 21 (63.6) 14 (63.6)
I 12 (42.9) 8 (36.4) 1.000
m 0(0.0) 0(0.0)
v 0 (0.0) 0 (0.0)
Diabetes, N (%) 2(6.1) 0(0.0) 0.511
Systemic arterial

hyperthension, N (%) 9(27.3) 2(9.1) 0.168
Dyslipidemia, N (%) 4(12.1) 1(4.5) 0.638
Interstitial lung disease, N(%) 10/28 (35.7) 7/19 (36.8) 0.937
Disease activity and chronicity indices
Duration of SSc (years) 7.68 + 6.55 7.16 + 6.07 0.757
VEDOSS, N (%) 21 (63.6) 16 (72.7) 0.481
dcSSc, N (%) 4(12.1) 4(18.2) 0.700
Seropositivity for anti-

topoisomerase 1 antibody, N 9/31 (29.0) 7/21 (33.3) 0.742

(%)

Seropositivity for anti-

centromere antibody (1cSSc 12/27 (44.4) 6/18 (33.3) 0.456

only), N (%)

Modified Rodnan skin score 1.89 +3.71 3.29 +5.92 0.462
Raynaud phenomenon, N (%) 33 (100.0) 22 (100) -
Biochemical and instrumental parameters

Hematocrit (%) 41.64 + 4.01 39.85 + 4.06 0.164
Creatinine (mg/dl) 0.75 + 0.14 0.76 + 0.22 0.943
Estimated creatinine clearance o, 15, 9474 84,53 +13.01 0.196

(ml/min)

NT-proBNP (ng/D) 85.77 + 59.35 285.50 + 706.45 0.885
H’gh'se"mmy Troponin(ng/ 4 o6 4 g.73 2.91 + 4.86 0.463
DLCO (%) 74.13 £ 16.50 68.05 + 19.89 0.228
Forced vital capacity (%) 109.03 + 20.99 105.40 + 16.44 0.514
Medical therapy

At least one cardio-active

medication, N (%) 16 (48.5) 8 (36.4) 0.375
Anticoaugulants, N (%) 10 (30.3) 5(22.7) 0.758
Beta-blocker, N (%) 309.1) 1(4.5) 0.642
ACE inhibitors, N (%) 2(6.1) 2(9.1) 1.000
Angiotensin receptor blockers,

Ne%) 2(6.1) 1(4.5) 1.000
Calcium antagonists, N (%) 4 (12.1) 1(4.5) 0.638
Amiodarone, N(%) 2(6.1) 0 (0.0) 0.511
Immunotherapy, N (%) 18 (54.5) 14 (63.6) 0.503
CMR parameters
LV EDVI (ml/m2) 67.91 + 12.66 77.00 + 13.59 0.014
LV ESVI (ml/m2) 23.85 +£7.69 27.18 +£12.19 0.409
LV SVI (ml/m2) 44.03 + 7.36 49.77 + 6.56 0.010
LV mass index (ml/m2) 50.61 + 7.96 55.50 + 13.26 0.182
LV cardiac index (I/min/m2) 3.07 £ 0.55 3.63 + 0.52 <0.0001
LV EF (%) 65.45 + 6.62 65.86 + 9.43 0.851
RV EDVI (ml/m2) 67.36 + 14.22 73.68 + 14.43 0.114
RV ESVI (ml/m2) 25.45 + 8.36 27.45 £11.99 0.576
RV SVI (ml/m2) 42.03 + 8.24 46.32 + 6.58 0.046
RV EF (%) 62.82 + 6.24 63.91 + 7.93 0.571
LA area index (cm/m2) 11.41 + 2.45 12.05 + 2.17 0.629
RA area index (cm/m2) 11.16 + 2.01 10.91 + 1.82 0.695
Positive T2-weighted images

for myocardial edema, N 2(6.1) 5(22.7) 0.103

%)

Presence of LGE, N (%) 13 (39.9) 13 (59.1) 0.152
Pericardial effusion, N (%) 4(12.1) 4(18.2) 0.700
Global heart T2 values (ms) 56.03 + 3.34 59.95 + 3.63 <0.0001

(continued on next page)
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Table 2 (continued)

Normal global Increased global P
heart T1 value heart T1 value (N
(N=33) =22)

Increased global heart T2 15 (45.5) 19 (86.4) 0.004

value, N (%)

Global ECV (%) 3261 £575(N  3523+468(N= 0.192
=17) 13)

Increased global ECV, N (%) 11 (64.7) 11 (84.6) 0.407

CV history, N (%)

History of CV disease, N (%) 14 (42.4) 17 (77.3) 0.011

History of digital ulcers, N (%) 11 (33.3) 16 (72.7) 0.004

Ssc, systemic sclerosis; N, number; NYHA, New York Heart Association;
VEDOSS, very early diagnosis of systemic sclerosis; dcSSc, diffuse cutaneous
systemic sclerosis; 1cSSc, limited cutaneous systemic sclerosis; NT-proBNP, N-
terminal pro b-type natriuretic peptide; DLCO, carbon monoxide diffusing ca-
pacity; ACE, angiotensin converting enzyme; CMR, cardiac magnetic resonance;
LV, left ventricular; EDVI, end-diastolic volume index; ESVI, end-systolic volume
index; EF, ejection fraction; RV, right ventricular; LA, left atrium; RA, right
atrium; LGE, late gadolinium enhancement; ECV, extracellular volume; CV,
cardiovascular.

3.4. Stratification for T1 values

Table 2 shows the comparison between patients with normal and
increased global heart T1 values (nT1 vs iT1). No significant difference
was detected for age, sex, frequency of cardiovascular risk factors,
indices of disease activity and chronicity, biochemical parameters, and
cardio-active therapy.

Compared to patients with nT1, patients with iT1 had significantly
higher LV end-diastolic volume index (EDVI), LV stroke volume index
(SVID), LV cardiac index, and right RV SVI. Biventricular ejection frac-
tions were comparable between the two groups. The 59.1% of patients
with iT1 showed positive LGE. Patients with nT1 and with iT1 showed a
comparable frequency of positive LGE and increased global ECV. Global
heart T2 values and frequency of patients with an increased global heart
T2 value were significantly higher among patients with iT1.

3.5. Stratification for T2 values

Table 3 shows the comparison between patients with normal and
increased global heart T2 values (nT2 vs iT2). No significant difference
was detected for age, sex, frequency of cardiovascular risk factors,
indices of disease activity and chronicity, biochemical parameters, and
cardio-active therapy.

No significant difference was found in biventricular volumes and
ejection fractions, LV mass index, frequency of positive LGE or STIR T2-
w images. Global heart T1 values and frequency of patients with an iT1
were significantly higher among patients with iT2.

3.6. History of cardiac complications and mapping

Thirty-one (56.4%) patients had a positive history of cardiovascular
disease (CVD): one ventricular fibrillation and ST-elevation myocardial
infarction, one supraventricular tachycardia, one unstable angina, one
atrial flutter and digital ulcers, one pulmonary hypertension, and 26
ulcers. Patients with a positive history of CVD were significantly
younger than patients free of cardiac complications (49.26 + 13.87
years vs 56.24 + 11.48 years; P = 0.046).

A positive history of CVD and digital ulcers was significantly more
frequent among patients with iT1 versus patients with nT1 (Table 2).
Patients with an history of digital ulcers were more likely to have an
increased global heart T1 value (OR = 5.33, 95%CI = 1.63-17.44; P =
0.006). Two patients had digital ulcers active at the CMR. Both of them
had an iT1 and one showed also an iT2.

Out of the 5 patients with a CVD different from digital ulcers, 4
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Table 3
Clinical, biochemical and CMR differences in SSc patients categorized on the
basis of the global heart T2 value.

Normal global Increased global P
heart T2 value heart T2 value (N
(N=21) =34)
Demographics, clinical features, and co-morbidity
Females, N (%) 16 (76.2) 29 (85.3) 0.480
Age (years) 55.91 + 12.10 50.08 + 13.59 0.114
NYHA class, N(%)
I 12 (57.1) 23 (67.6)
I 9 (42.9) 11 (32.4) 0.565
m 0(0.0) 0(0.0)
v 0 (0.0) 0(0.0)
Diabetes, N (%) 1(4.8) 1(2.9) 1.000
Systemic arterial

hypertension, N (%) 6 (28.6) 5 (14.7) 0.300
Dyslipidemia, N (%) 3(14.3) 2(5.9 0.359
Interstitial lung disease, N(%) 6/17 (35.3) 11/30 (36.7) 0.925
Disease activity and chronicity indices
Duration of SSc (years) 8.09 + 6.91 7.09 + 5.99 0.652
VEDOSS, N (%) 14 (66.7) 23 (67.6) 0.940
dcSSc, N (%) 3(14.3) 5 (14.7) 1.000
Seropositivity for anti-

topoisomerase 1 antibody, 5/19 (26.3) 11/33 (33.3) 0.598

N (%)

Seropositivity for anti-

centromere antibody (1cSSc 6/16 (37.5) 12/29 (41.4) 0.799

only), N (%)

Modified Rodnan skin score 1.12 +£2.29 3.22 + 5.57 0.330
Raynaud phenomenon, N (%) 21 (100.0) 34 (100) -
Biochemical and instrumental parameters

Hematocrit (%) 42.15 + 2.87 40.23 + 4.52 0.145
Creatinine (mg/dl) 0.73 £0.14 0.77 £ 0.19 0.303
Estimated creatinine clearance o) 9 | 1947 g9.47 + 22.72 0.645

(ml/min)

NT-proBNP (ng/D) 73.71 + 61.64 227.37 + 578.51 0.121
High-Sensitivity Troponin 459 +10.18 3.07 + 4.41 0.498

(ng/D
DLCO (%) 72.21 + 16.52 71.55 + 18.34 0.897
Forced vital capacity (%) 101.53 £+ 19.79 111.15 + 18.36 0.092
Medical therapy
At least one cardio-active

medication, N (%) 7 (33.3) 17 (50.0) 0.226
Anticoaugulants, N (%) 4 (19.0) 11 (32.4) 0.359
Beta-blocker, N (%) 1(4.8) 3(8.8) 0.655
ACE inhibitors, N (%) 1 (4.8) 3(8.8) 0.655
Angiotensin receptor blockers,

NC%) 1(4.8) 2(5.9) 1.000
Calcium antagonists, N (%) 2(9.5) 3(8.8) 1.000
Amiodarone, N(%) 0 (0.0) 2(5.9) 0.519
Immunotherapy, N (%) 10 (47.6) 22 (64.7) 0.212
CMR parameters
LV EDVI (ml/m2) 70.10 + 9.44 72.44 £ 15.81 0.494
LV ESVI (ml/m2) 24.14 + 4.78 25.82 + 11.89 0.876
LV SVI (ml/m2) 45.90 + 6.54 46.59 + 8.18 0.993
LV mass index (ml/m2) 50.24 + 8.16 54.00 + 11.69 0.263
LV cardiac index (I/min/m2) 3.17 £ 0.58 3.37 £ 0.61 0.187
LV EF (%) 65.71 + 4.67 65.56 + 9.26 0.935
RV EDVI (ml/m2) 67.90 + 11.19 71.12 + 6.24 0.430
RV ESVI (ml/m2) 24.48 + 5.31 27.35 + 11.85 0.487
RV SVI (ml/m2) 43.67 + 8.06 43.79 +£7.83 0.954
RV EF (%) 64.10 + 5.21 62.74 +7.81 0.484
LA area index (cm/m2) 11.38 + 2.38 11.85 + 2.33 0.367
RA area index (cm/m2) 10.71 + 1.42 11.27 + 2.17 0.424
Positive T2-weighted images

for myocardial edema, N 1(4.8) 6 (17.6) 0.232

%)

Presence of LGE, N (%) 8(38.1) 18 (52.9) 0.284
Pericardial effusion, N (%) 1(4.8) 7 (20.6) 0.136
1038.19 + 40.86 1090.01 + 45.85 <0.0001

(continued on next page)
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Table 3 (continued)

Normal global Increased global P
heart T2 value heart T2 value (N
(N =21) =34)
Native global heart T1 values
(ms)
Increased native global heart 3(14.3) 19 (55.9) 0.004

T1 value, N (%)

Global ECV (%) 32.86 + 6.73 (N 34.25 + 4.57 (N 0.504
=11) =19)

Increased global ECV, N (%) 6 (54.5) 16 (84.2) 0.104

CV history, N (%)

History of CV disease, N (%) 10 (47.6) 21 (61.8) 0.304

History of digital ulcers, N 9 (42.9) 18 (52.9) 0.467

%)

Ssc, systemic sclerosis; N, number; NYHA, New York Heart Association;
VEDOSS, very early diagnosis of systemic sclerosis; dcSSc, diffuse cutaneous
systemic sclerosis; 1cSSc, limited cutaneous systemic sclerosis; NT-proBNP, N-
terminal pro b-type natriuretic peptide; DLCO, carbon monoxide diffusing ca-
pacity; ACE, angiotensin converting enzyme; CMR, cardiac magnetic resonance;
LV, left ventricular; EDVI, end-diastolic volume index; ESVI, end-systolic volume
index; EF, ejection fraction; RV, right ventricular; LA, left atrium; RA, right
atrium; LGE, late gadolinium enhancement; ECV, extracellular volume; CV,
cardiovascular.

B conventional CMR and mapping normal
[Conly conventional CMR normal

[Jonly mapping normal

B coventional CMR and mapping abnormal

Fig. 1. Distribution of patients with normal and abnormal mapping (native T1
and T2) and conventional CMR for tissue characterization (late gadolinium
enhancement and T2-weighted images).

(80%) had an increased global heart T2 value.
4. Discussion

This study assessed diffuse myocardial involvement in SSc patients
by parametric T1 and T2 mapping techniques. Most patients were

middle-aged and females and were non- or pauci-symptomatic.
In line with previous reports, despite comparable cardiac dimensions
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Fig. 2. CMR of a patient with SSc: short axis (from apex to base) STIR-T2-
weighted (A) and LGE-images (B) and native T1 (C) and T2 (D) maps. The
patient showed no edema in STIR T2-weighted images or LGE but increased
segmental and global T1 and T2 values (global T1 = 1182 ms and global T2 =
65.3 ms).

and systolic function, SSc patients had higher native T1 and T2 values
than controls [9,19,20], confirming again that subclinical myocardial
changes may be common in these population even with apparently
normal hearts.

A positive correlation was found between native T1 and T2 values, as
both are altered by an increase of extra- and/or intracellular free fluid
content. However, the correlation was only moderate (<0.7), likely
because a composite information is reflected in native T1 and its in-
crease can be determined by different conditions such as fibrosis
[30-32]. In SSc both myocardial inflammation and diffuse fibrosis can
coexist, and active myocardial inflammation can develop over existing
diffuse fibrosis from previous acute episodes, making it difficult to
distinguish how much these two factors contribute to the increase in T1
values.

Frequency of females was comparable between patients with normal
and increased mapping values, likely because the use of sex specific-
thresholds correct the sex-related differences in T1 and T2 values.

In our patient’s cohort an increase in global native heart T1 and T2
values were identified in the 40.0% and 61.8% of cases, respectively. An
increase in at least one of the two indices was found in the 62.1% of the
patients showing no replacement myocardial fibrosis by LGE and no
edema by non-parametric T2-w images. Thus, we found out a significant
discordance between the original and updated LLC, with a significant
higher frequency of patients with myocardial inflammation identified
on the basis of the updated LLC. Since no comparison with a diagnostic
gold standard was performed, we could not evaluate and compare the
specificity and the sensitivity of the two criteria, but we could only
assess the agreement [33]. Anyway, taken together our findings suggest
that in SSc the mapping techniques can have an additional value in
comparison with the conventional non-parametric CMR indices in the
detection of myocardial acute/subacute involvement. In the study by
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Markousis-Mavrogenis et al. the discordance between the two criteria
did not reach the statistical significance [34]. This discrepancy is
probably mainly due to the fact that they recruited only patients with
diffuse-cutaneous SSc, while the prevalence of this subtype in our study
population was only the 13%. In comparison with 1cSSc patients, dcSSc
patients are characterized by a higher frequency of internal organ
damage [18,35]. Indeed, by non-parametric indices the frequency of
positive LGE and edema in the study by Markousis-Mavrogenis was 86%
and 64% [34], respectively, significantly higher than that one detected
in our study (47.3% and 12.7%, respectively).

In agreement with the study by Poindron et al. [21], we did not find
any association between the presence of cardiovascular risk factors,
indices of disease activity and chronicity, biochemical parameters and
the presence of iT1. Conversely, in our study population elevated native
T1 values were associated with increased LV dimensions, in line with the
data from patients with nonischemic cardiomyopathy [36,37]. The
59.1% of patients with iT1 showed positive LGE. Importantly, as in the
study by Ntusi et al. [9], we did not detect a significant association
between native T1 and LGE, indicating that the increase in myocardial
T1 was not driven by the presence of LGE and that they may result from
different underlying pathological processes. We found an association
between increased native global heart T1 values and a history of cardiac
complications, in particular of digital ulcers. Digital ulcers are consid-
ered a biomarker of disease severity [38]. The autoimmune induced
vascular injury is considered the main trigger for vasculature abnor-
malities resulting in fibroblast activation and consequent fibrotic
changes characteristic of SSc [39]. So, digital ulcers and myocardial
fibrosis share the same pathological substrate of vasculopathy [40].

To our knowledge, this is the first paper comparing patients with and
without iT2. There was no statistical association between the presence of
cardiovascular risk factors, biochemical parameters, and the presence of
iT2. The finding that patients with normal and increased global heart T2
value had comparable biventricular volumes and ejection fractions and
LV mass index may be explained by the relatively low number of patients
with abnormal values of these parameters. Indeed, conventional systolic
functional parameters may be too weak to catch early and/or slight LV
involvement. Frequency of positive STIR T2-weighted images was three
times higher among patients with iT2 versus patients with nT2, but the
statistical significance was probably not reached due to the lower
number of cases. Of note, significantly higher T2 values were detected
among patients with edema by STIR T2-weighted images. Since we
considered the history of cardiovascular complications, it is compatible
the lack of an association with increased global heart T2 values, which
reflect acute stages of disease.

4.1. Limitations

Our study has some limitations.

This is a single-centre study, involving a relatively small number of
patients. However, SSc is a rare disease and our sample size is compa-
rable to other studies using T1 mapping [9,19,20]. Moreover, nowadays,
it is challenge to perform multi-centre mapping studies due to the het-
erogeneity in normal cut-off value among different centers and vendors.

Since myocardial biopsy was not clinically justified, no comparison
with histology was performed.

We did not perform right ventricular T1 or T2 mapping since the
current clinical consensus is that it is not recommended [32], due to the
remaining challenges associated with the morphologic characteristics of
the right ventricle.

We did not create two groups on the basis of the ECV values, since
post-contrast T1 images were acquired only in 30 patients.

Since all of our patients presented the Raynaud phenomenon, it
cannot be inferred that these evidences can be extended to patients
without it.
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5. Conclusion

T1 and T2 mapping seem to be more sensitive parameters that should
be included in the routine clinical assessment of SSc patients for
detecting early or subtle LV involvement. Early detection is the key for a
better stratification of patients and for the adoption of a tailored specific
therapy in order to prevent disease progression. Larger multi-center
cross-sectional studies are needed to better explore the diagnostic
value of T1 and T2 mapping and to confirm their complementary/
additional role in comparison to conventional non-parametric se-
quences. Moreover, and above all, longitudinal studies are required to
determine the utility of both T1 and T2 mapping in prognostication for
patients with SSc and other rheumatic disorders.
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