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Data sharing  

All data relevant to the study are included in the article or uploaded as supplementary 

information 

 

Public Patient Involvement:  

A patient research partner (IG) was involved in the project. 



Abstract - Word count: 248/250 

Introduction: Heart involvement is a common problem in systemic sclerosis (SSc). Recently, a 

definition of SSc primary heart involvement (SSc-pHI) has been proposed and our aim was to 

establish a consensus guidance on the screening, diagnosis and follow-up of SSc-pHI patients. 

Methods: A systematic literature review was performed to investigate the tests used to evaluate 

cardiac involvement in SSc. The extracted data were categorized into relevant domains 

(conventional radiology, electrocardiography, echocardiography, cardiac magnetic resonance 

imaging, laboratory, others) and presented to experts and one patient research partner, who 

discussed the data and added their opinion. This led to the formulation of overarching principles 

and guidance statements, then reviewed and voted on for agreement. Consensus was attained 

when mean agreement was >7/10 and of >70% of voters.  

Results: Among 2650 publications, 168 met eligibility criteria; the data extracted were discussed 

over three meetings. Seven Overarching Principles and 10 Guidance Points were created, revised 

and voted on. The Consensus highlighted the importance of patient counselling, differential 

diagnosis, and multi-disciplinary team management, as well as defining screening and diagnostic 

approaches. The initial core evaluation should integrate history, physical examination, rest 

electrocardiography, transthoracic echocardiography and standard serum cardiac biomarkers. 

Further investigations should be individually tailored and decided through a multi-disciplinary 

management. Overall mean agreement was 9.1/10, with mean 93% of experts voting above 7/10.  

Conclusion: This consensus-based guidance on screening, diagnosis and follow-up of SSc-pHI 

provides a foundation for standard of care and future feasibility studies that are ongoing to 

support its application in clinical practice. 

 



Main Text (=4880) 

 

Introduction 

Systemic sclerosis (SSc) is a chronic connective tissue disorder characterized by vasculopathy, 

inflammation/autoimmunity and fibrosis (1) that may be present in different organs and at 

different times during the disease evolution, resulting in heterogeneous clinical scenarios. 

Cardiac involvement in SSc is frequently referred to as “the silent killer”. In the EUSTAR cohort 

study from Elhai et al, SSc primary heart involvement (SSc-pHI) was deemed to be the cause of 

12% of SSc-related deaths (2). Similar data were also seen in a combined Australian-Canadian 

cohort by Hao et al, who identified 9% of the mortality events in their prevalent cohort as being 

related to myocardial involvement (3). In both studies, cardiac involvement was not defined 

according to pre-defined criteria and the adjudication was by physician opinion.  

Different sets of expert consensus algorithms are available for the detection, follow-up and 

treatment of SSc-pHI patients. Among them, the UK Systemic Sclerosis Study Group first 

provided a guidance for physicians, stressing the importance of examining both symptomatic and 

asymptomatic patients, as well as the need to take the general population’s cardiovascular risk 

factors into account (4). More recently, a Greek cardiology-rheumatology collaboration group 

proposed a management algorithm that was also based on a two-steps approach to evaluate SSc 

patients, and placing the different tests in different tiers of priority (5).  

Indeed, there is a plethora of first, second and third level tests that can be performed on patients 

with SSc for the identification and follow-up of cardiac complications. However, each of them 

identifies only one or a few specific manifestations of SSc-cardiac involvement: for example, 

resting electrocardiography (ECG) and monitoring mostly detects fixed conduction defects and 

arrhythmia, resting trans-thoracic echocardiography (ECHO) identifies motion abnormality and 

contractility impairment, while  cardiac magnetic resonance is a more sensitive multiparametric 

test that can also detect tissue characteristics indicative of inflammatory and fibrotic changes (6). 

Given the diverse manifestations included in the “cardiac scleroderma spectrum”, the different 

tests should allow for comprehensive but feasible evaluation, taking into consideration time, 

costs and availability. 



This paper will support physicians in identifying SSc-pHI in daily practice by providing, 1) a 

review of the literature for cardiac diagnostic tests used in SSc, and 2) providing consensus 

guidance for the screening, diagnosis and monitoring of SSc-pHI.  

 

Methods 

Systematic literature review 

Patient-Exposure-Outcome (PEO) questions were formulated, investigating the use of 

assessments to evaluate cardiac structure and function in SSc (Supplement Annex 1). Using the 

search string applied for our recent literature review providing evidence for the creation of the 

definition of SSc-pHI (7), a systematic literature review was performed on three databases 

(EMBASE, Pubmed, Web of Science), from inception to 31/12/19. Papers in English / Italian / 

Romanian / Greek / Arabic / Serbo-Croatian, including ≥ 10 adult SSc patients, or cohorts in 

which SSc patient data could be separately extracted, with cardiac involvement or cardiac 

evaluation as primary target, were included. Non-human studies, pediatric age (<18 years), 

secondary cardiac involvement, articles in a language other than those listed above, full -text not 

available and literature reviews (after careful checking of the bibliography for any articles not 

included in the evaluation) represented the main exclusion criteria. PRISMA recommendations 

were followed where applicable. 

Study selection and data abstraction 

A single author (CB) performed the de-duplication using the reference software EndNote. The 

articles were then screened according to title and abstract evaluation by two reviewers (CB, 

GDL), with a third author giving inputs when disagreements occurred (MHB). Finally, full texts 

were evaluated by authors in pairs (GH and KB, YAS and AB, GDL and CB, AL and AD, RBD 

and GMM, AG and IM, YI and AX), with a third evaluator (MHB) resolving disagreements. To 

test for consistency, 5% of the papers were evaluated for both title, abstract and full texts by all 

extractors.  

Outcomes 



Data were extracted in agreement with the formulated PEO questions. The design of the study, 

the criteria used to select the patients, number of patients and female prevalence were 

additionally extracted from all manuscripts. In addition, data regarding the test used in the 

cardiac evaluation and the specific parameters were also extracted. Data were presented in terms 

of absolute frequencies (percentage), mean ± standard deviation, median (interquartile range) 

according to the terms used in the manuscript of origin. 

 

Expert committee meetings 

Aside from the convenors (PS and MMC) and methodologists (CB and MHB), the expert 

committee included 18 senior members from Europe (n=16), North America (n=2) and Asia 

(n=1), comprising 9 cardiologists (ERB, LG, SM, AP, ALPC, SP, CT, AD, AR) and 9 SSc 

experts (RM, PS, TK, OD, YA, CD, DK, DEF, MK). The committee participated in a series of 

virtual meetings between November 2020 and July 2021. Input from a patient research partner 

(PRP – IG) was also provided during all meetings and voting process. 

 

Methodology of formulation of each statement 

The results of the SLR were presented to the expert committee during three meetings, covering 

different topics (Laboratory and ECG for the first; ECHO for the second, cardiovascular 

magnetic resonance (CMR) and ‘other tests’ for the third). The data were separated according to 

the nature of the patients included, namely whether there was a high suspicion of or previously 

diagnosed heart involvement (with investigations therefore applied for diagnostic or monitoring 

purposes respectively) or no known heart involvement (with tests therefore screening in nature). 

If reported, the comparison with the control group was also presented.  

The data were presented and discussed by the expert committee, whose members were asked to 

specify which of the discussed tests they would recommend, in which category of patients and 

when (both in terms of timing in the disease course and frequency).  

The results of each meeting were then summarized into statements (CB, MHB, MMC, PS), 

which underwent further revision by the expert committee:  first in terms of content, then for 



clarity. Finally, the revised statements were voted upon for agreement, with a scale ranging from 

1 (=strongly disagree) to 10 (strongly agree). Each statement required a mean agreement ≥7/10 

and by ≥70% of voters to be accepted as a consensus statement.  

 

Results  

Data from the systematic literature review 

Among 2650 publications retrieved from the 3 databases, 168 manuscripts underwent data 

extraction (see PRISMA graph - Figure 1). The reproducibility exercise confirmed a level of 

agreement of 94% on manuscript selection and data extraction. 

The 168 articles reported cross-sectional (n=70), prospective (n=50) and retrospective (n=23) 

studies. Among 28723 patients included in the manuscripts, (n=23396, 83.3% were female) from 

164 articles, 15.1% to 100% were classified as SSc by the ACR / EULAR 2013 criteria (n=45), 

or ARA 1980 criteria (n=75), although multiple sets of criteria (n=24) or unspecified criteria 

(n=24) were also recorded. Patients were mostly enrolled in the studies as consecutive cases 

(n=100), as subgroups of patients without cardiac involvement or PAH or suspicion of presence 

of either one or the other (n=54). The remaining studies comprised patients with present cardiac 

involvement or known cardiac symptoms (n=11). Among 97 manuscripts with controls, 2964 

age- and sex-matched healthy individuals constituted the control group.  

The results of the SLR are reported in the supplementary files (supplementary table 1-8), divided 

according to the pre-defined domains used, thus listing the parameters reported for the single test 

category. Overall, heterogeneity of data was observed, in terms of both tests used and parameters 

reported, which were frequently derived from small samples of patients involved.  

 



Figure 1 - PRISMA scheme of the evaluation and selection procedure of scientific articles for the 

systematic review of the literature. 

 

 

 

Meeting sessions: creating a consensus guidance 

The discussion held during the three virtual meetings allowed the generation of a list of 17 

statements which were divided into “overarching principles” and “consensus guidance 

statements”. After content and linguistic revision, the 7 overarching principles and the 10 

consensus guidance statements were voted on to reach agreement by the whole committee 

(Tables 1-3). None of the originally created statements were discarded, either for agreement 

lower than the established threshold (<70% agreement) or for low number of voters above the 

pre-defined cut-off (<70% of the committee). The overall mean agreement of the guidance points 

was 9.1/10, with mean 93% of experts voting above 7/10. 



 

Overarching principles 

1. These recommendations refer to the definition of systemic sclerosis-related primary heart 

involvement (SSc-pHI) (7).  

2. SSc-pHI should be considered particularly in the early stages of the disease, but it may 

also be present and develop throughout the disease course of a patient with SSc.   

3. The patient should be counselled about the symptoms and consequences of SSc-pHI to 

raise their awareness and to ensure the importance of reporting symptoms to the 

physician. 

In addition, the committee supported the previously proposed definition of SSc-pHI, which was 

the main target population of this initiative. Also, the committee underlined the possibility for 

SSc-pHI to manifest at any stage of the disease, but with closer attention in the early disease 

phase in diffuse cutaneous SSc. Finally, there was overall agreement that the patient should be 

actively and specifically questioned about cardiac red flag symptoms and be educated and 

motivated to patients to report such symptoms during medical consultations. 

 

4. Where suspicion for SSc-pHI exists, acute and chronic coronary syndromes should be 

considered and managed in line with current guidelines. 

5. The differential diagnosis and management of SSc-pHI should be undertaken by a multi-

disciplinary team that comprises cardiologist(s) (with necessary subspecialist expertise 

as indicated) and rheumatologists with SSc expertise. 

Multi-disciplinary management between cardiologists and non-cardiologist SSc experts was 

strongly recommended, when possible and feasible. Physicians caring for patients with SSc may 

bring those with high-risk “scleroderma” profile features to the attention of cardiologists to 

support more rapid cardiac assessment as indicated. Similarly, cardiologists may recommend a 

more timely assessment based on specific signs or symptoms, taking into consideration the 

differential diagnosis and other cardiac complications not primarily related to SSc. The 



evaluation and ongoing management of patients by a cardiologist experienced with SSc was 

suggested where feasible.  

 

6. Screening refers to the assessment of asymptomatic patients with no known SSc-pHI, who 

can be further stratified into those who are considered ‘at higher risk’ and those who 

should be considered ‘at lower risk’ of developing heart involvement. 

7. Diagnosis refers to the assessment of patients presenting with symptoms and/or signs 

and/or investigations compatible with possible SSc-pHI. 

The expert committee agreed that “Screening” refers to the assessment of patients with no known 

history of heart involvement and/or those considered to be at higher risk of SSc-pHI. 

“Diagnosis” refers to the assessment of patients presenting with symptoms/signs compatible with 

SSc-pHI. The identification of patients at higher risk of SSc-pHI was highlighted as an area of 

particular importance, with more effective definition and refinement of clinical suspicion 

considered important unmet needs. From the literature to date, a high-risk SSc-pHI clinical 

profile includes male gender, diffuse cutaneous skin subset, positive scleroderma-specific 

autoantibodies (in particular, anti-topoisomerase I), early disease, presence of interstitial lung 

disease, peripheral myopathy and other inflammatory manifestations. 

 

Consensus statements 

1. The diagnostic workup of SSc-pHI should comprise an integration of history (cardiac red flag 

symptoms), physical examination and laboratory/imaging/ECG results and should be tailored 

to the individual.  

The importance of including cardiac evaluation as part of regular SSc patient assessment to 

detect SSc-pHI early was stressed, supported by the availability of non-invasive tests and the 

prognostic importance. Presence of symptoms (cardiac red flags such as dyspnea, chest pain, 

palpitations, syncope, dizziness) and cardiovascular physical examination raising the suspicion 

for cardiac involvement were deemed a pivotal part of the medical consultation. 



2. Physicians should counsel patients and caregivers in layperson language, providing detailed 

information on SSc-pHI, its symptoms and signs, diagnostic and monitoring procedures. The 

information should highlight the importance of reporting symptoms to the multidisciplinary 

team. 

Further emphasizing overarching principle 3, the committee agreed on a specific statement on 

the importance of promoting the understanding of the patients about cardiac SSc related 

complications, educating and motivating the patients to report such symptoms; as well as on the 

assessments needed for its screening, diagnosis, and follow-up evaluation. 

 

3. Screening for SSc-pHI should be performed in every patient at time of SSc diagnosis. Follow-

up evaluations should be considered.  

4. Asymptomatic SSc patients with no history of heart involvement should have a core annual 

assessment, which may coincide with annual pulmonary arterial hypertension (PAH) 

surveillance. Core assessment would comprise ECG, standard Transthoracic 

Echocardiography and serum cardiac biomarkers such as hs-Troponin, NT-pro-BNP or BNP. 

5. Screening with Cardiac Magnetic Resonance (CMR) may be considered in asymptomatic 

patients with no history of heart involvement and on a case-by-case basis.  

Given the possibility of SSc-pHI in the early inflammatory stages of SSc, the expert committee 

suggested assessment for pHI should take place from the time of SSc diagnosis. The expert 

committee advised at least one annual assessment with hs-Troponin and NT-proBNP for 

unselected stable/asymptomatic patients to identify patients with possible subclinical 

abnormalities if appropriate. C-Reactive Protein (CRP), Erythrocyte Sedimentation Rate (ESR) 

and CK were also suggested every year, as a non-specific workup which could indicate cardiac 

disease (acknowledging articular and/or inflammatory muscle involvement may confound these 

tests). The expert committee indicated BNP as more reliable in patients with renal failure when 

compared to NT-proBNP (which is recommended in patients with systolic heart failure). It was 

also recommended that physicians should be aware of statin use and elevated CK levels, often 

asymptomatic. Regarding ECG, the expert committee suggested annual resting ECG to pick up 

fixed abnormalities, while annual ECG-Holter may be considered in selected patients with a 



higher risk profile, if feasible. As a general consideration, the expert committee stressed the 

importance of taking concomitant medications (i.e., β-blockers, anti-depressants) and metabolic 

disorders (such as potassium disorders) into account, when evaluating conduction parameters, 

such as QTc interval. Moreover, there was a suggestion to focus more thoroughly on alterations 

that need a prompt change of the treatment, such as atrial fibrillation, malignant arrhythmias (i.e., 

non-sustained or sustained ventricular tachycardia) and major conduction disorders (leading to 

pacemaker or cardiac defibrillator implantation). All other alterations might be considered minor 

(as requiring treatments, such as β-blockers). As with previous consensus guidance papers, there 

was no agreement regarding the performance of CMR due to the lack of robust evidence. 

Although asymptomatic patients may have CMR abnormalities, the prognostic significance has 

not been fully established, consequently CMR as part of standard screening cannot be 

recommended despite its unquestionable potential for detailed assessment of structural and 

functional manifestations of SSc-pHI. Although availability, feasibility and cost have also 

limited this as a general screening measure, access in a number of centres has paved the way for 

acquiring and capitalizing on an unprecedented level of data so far. Regarding ECHO, an annual 

assessment was suggested in line with PAH screening of asymptomatic patients. For those 

patients with a high-risk profile and development of other organ involvement, borderline results 

in a previous assessment, case-by-case evaluation was recommended, in accordance with a 

cardiology assessment. In general, the expert committee stressed the importance of ECHO to 

include both 2-chamber and 4-chamber (biplane) and advocated high-skill training of 

sonographers to ensure consistency among tests performed at tertiary centers or peripheral 

centers. In case of doubt, the expertise of a tertiary center should be considered.  

6. Symptoms suggestive of SSc-pHI should trigger specific assessment. This includes initial core 

evaluation with ECG, standard Transthoracic Echocardiography and serum cardiac 

biomarkers such as hs-Troponin, NT-pro-BNP or BNP. 

7. CMR should be included as part of the diagnostic work up where suspicion for SSc-pHI 

remains following positive findings from the initial core evaluation. 

8. In patients with confirmed SSc-pHI or clinically suspected myocarditis, with or without 

myocardial abnormalities on CMR, endomyocardial biopsy may be indicated in line with ESC 

guidelines and position statements, after exclusion of coronary artery disease.  



In patients with symptoms or unstable clinical presentation, the same above-mentioned 

laboratory tests were suggested as a minimum annual evaluation, with timing and additional 

laboratory tests guided by history and other diagnostic assessments. For patients with symptoms 

or unstable clinical presentation, resting ECG should be repeated during or immediately before 

the Cardiology consultation, linked with a Holter ECG, with frequency and modality tailored to 

the clinical context and specific need as per the cardiologist’s evaluation. The expert committee 

agreed that Holter ECG should report both qualitative (presence) and quantitative (number) 

alterations. Regarding patients with cardiac symptoms or unstable clinical presentation, a similar 

personalized evaluation of ECHO abnormalities was suggested to trigger cardiologist 

consultation and guide further re-evaluation. Similarly, the expert committee agreed on patient 

selection and on the need for multi-disciplinary team discussion to consider additional diagnostic 

tests (including CMR) and differential diagnosis (including ischemic, infective, metabolic 

causes). Additional tests, such as nuclear medicine tests (Scintigraphy, PET scan), coronary 

angiography and coronary CT, were considered as appropriate after cardiology evaluation. 

Endomyocardial and pericardial biopsy should be performed according to European Society of 

Cardiology (ESC) guidelines, e.g., in patients with repeated oedema findings on CMR without 

other explanation and with appropriate cardiology expertise.   

9. Where SSc-pHI is confirmed, Holter monitoring is recommended as the first-line assessment 

to evaluate for the arrhythmia burden and Echocardiography for the evaluation of the cardiac 

chambers and function. Other tests may be considered in consultation with appropriate 

cardiology expertise.  

10. Management of confirmed SSc-pHI (including frequency of monitoring and nature of 

testing) should be tailored to the individual patient’s clinical scenario, discussed, and agreed 

by the multi-disciplinary team. 

Finally, the expert committee recommended importance of multi-disciplinary care when 

following up patients with a diagnosis SSc-pHI. This included both the nature of the testing 

(mostly relying on milestone assessments such as ECHO and Holter-ECG in relation to the 

specific cardiac manifestation) to be further adopted to the individual case, as well as the 

frequency of the monitoring to be performed.  

 



Table 1. Overarching principles of the consensus guidance for the screening, diagnosis, and 

follow-up of systemic sclerosis primary heart involvement.  

 

Overarching Principles n voting 

mean 

agreement 

(ok if ≥7) 

% voters 

<7 (ok if 

≤30) 

OP1 These recommendations refer to the definition of systemic 

sclerosis-related primary heart involvement (SSc-pHI).  12 8,42 17% 

OP2 SSc-pHI should be considered particularly in the early 

stages of the disease, but it may also be present and develop 

throughout the disease course of a patient with SSc.   13 9,38 8% 

OP3 The patient should be counselled about the symptoms and 

consequences of SSc-pHI to raise their awareness and to 

ensure the importance of reporting symptoms to the 

physician. 14 9,71 7% 

OP4 Where suspicion for SSc-pHI exists, acute and chronic 

coronary syndromes should be considered and managed in 

line with current guidelines. 14 9,21 0% 

OP5 The differential diagnosis and management of SSc-pHI 

should be undertaken by a multi-disciplinary team that 

comprises cardiologist(s) (with necessary subspecialist 

expertise as indicated) and rheumatologists with SSc 

expertise. 15 9,00 7% 

OP6 Screening refers to the assessment of asymptomatic patients 

with no known SSc-pHI, who can be further stratified into 

those who are considered ‘at higher risk’ and those who 

should be considered ‘at lower risk’ of developing heart 

involvement. 14 8,43 14% 

OP7 Diagnosis refers to the assessment of patients presenting 

with symptoms and/or signs and/or investigations 

compatible with possible SSc-pHI. 15 8,47 13% 



Table 2. Guidance statements of the consensus guidance for the screening, diagnosis and follow-

up of systemic sclerosis primary heart involvement.  

 

Consensus Guidance Statements n voting 

mean 

agreement 

(ok if ≥7) 

% voters 

<7 (ok if 

≤30%) 

ST1 The diagnostic workup of SSc-pHI should 

comprise an integration of history (cardiac red flag 

symptoms), physical examination and 

laboratory/imaging/ECG results and should be 

tailored to the individual. 14 9.86 0% 

ST2 Physicians should counsel patients and caregivers 

in layperson language, providing detailed 

information on SSc-pHI, its symptoms and signs, 

diagnostic and monitoring procedures. The 

information should highlight the importance of 

reporting symptoms to the multidisciplinary team. 14 9.86 0% 

ST3 Screening for SSc-pHI should be performed in 

every patient at time of SSc diagnosis. Follow-up 

evaluations should be considered.  15 8.80 7% 

ST4 Asymptomatic SSc patients with no history of 

heart involvement should have a core annual 

assessment, which may coincide with annual 

pulmonary arterial hypertension (PAH) 

surveillance.  

Core assessment would comprise ECG, standard 

Transthoracic Echocardiography and serum 

cardiac biomarkers such as hs-Troponin, NT-pro-

BNP or BNP. 15 9.33 0% 

ST5 Screening with Cardiac Magnetic Resonance 

(CMR) may be considered in asymptomatic 

patients with no history of heart involvement and 14 8.21 21% 
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on a case-by-case basis.  

ST6 Symptoms suggestive of SSc-pHI should trigger 

specific assessment. This includes initial core 

evaluation with ECG, standard Transthoracic 

Echocardiography and serum cardiac biomarkers 

such as hs-Troponin, NT-pro-BNP or BNP. 14 9.93 0% 

ST7 CMR should be included as part of the diagnostic 

work up where suspicion for SSc-pHI remains 

following positive findings from the initial core 

evaluation. 13 9.23 0% 

ST8 Where SSc-pHI is confirmed, Holter monitoring is 

recommended as the first-line assessment to 

evaluate for the arrhythmia burden and 

Echocardiography for the evaluation of the cardiac 

chambers and function. Other tests may be 

considered in consultation with appropriate 

cardiology expertise.  12 8.50 0% 

ST9 In patients with confirmed SSc-pHI or clinically 

suspected myocarditis, with or without myocardial 

abnormalities on CMR, endomyocardial biopsy 

may be indicated in line with ESC guidelines and 

position statements, after exclusion of coronary 

artery disease.  12 8.67 17% 

ST10 Management of confirmed SSc-pHI (including 

frequency of monitoring and nature of testing) 

should be tailored to the individual patient’s 

clinical scenario, discussed, and agreed by the 

multi-disciplinary team.  13 9.31 0% 

 



Table 3 – Flowchart of the assessments of SSc patients, according to their cardiac disease status.  

 

 Status Medical 

history 

Clinical 

examination 

Laboratory 

biomarkers 

ECG  ECHO CMR Further 

tests 

No prior 

diagnosis 

of SSc-

pHI 

Asymptomatic 

– low risk 

Annual Annual Annual Annual 

resting 

ECG 

Annual May be 

considered 

on a case-

by-case 

basis 

 

 

 

To be 

guided by 

the MDT 

according 

to the 

results of 

the core 

assessment, 

on a case-

by-case 

evaluation. 

Asymptomatic 

– high risk 

Annual Annual Annual Annual – 

ECG 

Holter 

may be 

considered 

Annual May be 

considered 

on a case-

by-case 

basis 

Symptomatic Annual, 

unless 

timing 

adjusted 

by the 

MDT.  

Annual, 

unless 

timing 

adjusted by 

the MDT.  

Annual, 

unless 

timing 

adjusted 

by the 

MDT.  

Annual 

ECG/ECG 

Holter, 

unless 

timing 

adjusted 

by the 

MDT. 

Annual Should be 

considered 

if 

suspicion 

remains. 

Diagnosed 

with SSc-

pHI 

 Annual, unless timing adjusted by the MDT.  

Specific follow-up assessments set tailored by the MDT.  

To be guided by the 

MDT according to the 

diagnosis and treatment, 

on a case-by-case 

evaluation. 

 



Discussion 

This initiative led to the development of a Consensus Guidance on the screening, diagnosis and 

follow-up assessments for SSc-pHI.  

Diagnostic tests in SSc-pHI: data from the literature  

Most of the current literature included the “first line” assessments for SSc-pHI, including 

patients with or without cardiac involvement or cardiac symptoms. Growing evidence is also 

accumulating from CMR studies, allowing concomitant anatomical, functional and tissue 

characterization. However, less evidence was available for conventional radiology, myocardial 

scintigraphy and coronary artery studies.  

Most of the cardiac specific laboratory biomarkers, such as NT-proBNP and Troponin I, had 

higher concentrations in SSc patients compared to healthy controls (8-11). Studies using CMR 

and ECHO confirmed that all cardiac chambers and structures may be involved in SSc-pHI, in 

particular with impariment in motion, contraction and relaxation. In addition, ECHO 

demonstrated significantly abnormal values of right ventricular function and tissue doppler data 

(18-23), while CMR data were consistent with histopathological evaluation of endomyocardial 

biopsy and autopsy samples, regarding inflammatory and fibrotic tissue changes (12)(8, 13-

16)(12, 17). ECG studies detected a meaningful number of arrhythmias, although the definition 

ranged from benign isolated ectopic extra-beats to major malignant ventricular arrhythmias, and 

no studies have compared a SSc group with matched healthy controls or between cardiac 

involved and non-involved SSc patients.  

The details of the cohorts and nature of the patients identified in the SLR were not clear, and 

there was significant heterogeneity of information, in terms of both tests/parameters applied on 

patients and details given. Some cardiac imaging studies identified underlying pathology but not 

necessarily with clinically overt disease and were mostly derived from simple association 

studies. This relatively low quality of evidence means the Consensus Agreement is based more 

on eminence than evidence, also influenced by the fact that the local organization of the different 

Health Systems in countries in Europe, North America and Asia may be extremely variable.  

Principles of SSc-pHI management 



The need for the active participation of the patient in the care process emerged as a pillar in the 

management of SSc-PHI: Patient involvement in clinical practice and clinical research is well-

established and contributes to our understanding on which interventions may have a positive 

impact on quality of life,  morbidity and mortality (24). This was also important to further raise 

the awareness of the clinician, with particular emphasis on the need to counsel patients in a lay 

language, to inform them about possible cardiac symptoms and diagnostic procedures, as well as 

the importance to report to the multidisciplinary team.  

The pivotal role of multi-disciplinary management of SSc-pHI was another central feature, 

whose additional value has been previously shown for SSc-PAH (25). Scleroderma and 

Cardiology expertise are both pivotal in considering and excluding differential or concomitant 

diagnoses, as well as in suggesting second/third level assessments on a case-by-case basis. 

 

Screening, diagnosis, and follow-up evaluation of SSc-pHI 

Other screening programs are currently practiced in SSc, such as the screening for PAH, which is 

recommended once a year by the European Society of Cardiology/European Respiratory Society 

(26). As for other screening procedures, the evaluation of cardiac status may be performed more 

frequently depending on the clinical presentation. In comparison to the core assessment 

including clinical examination, ECHO, rest ECG and laboratory tests, Holter and stress 

electrophysiology do not have the basis to be supported as routine screening practice and their 

use is driven by symptoms or other tests. Holter ECG may be the most promising or powerful 

technique for this aim, and it is probably well accepted by the patient given its non-invasive 

nature. Therefore, it remains part of the research agenda to be validated in a systematic 

prospective registry, including testing for cut-offs with diagnostic or prognostic value, to support 

its standardized application as routine screening assessment.  

Timing for ECHO application as screening was recommended as once a year, also in line with 

the PAH-screening standard, with possible shortening of the timing on a case-by-case basis 

according to cardiologist and rheumatologist judgment. Although tertiary cardiology centres with 

SSc expertise would be the ideal setting for the performance of the ECHO, this is unrealistic and 

not necessarily in the patient’s interest. Given the differences among health systems, the 



scientific community should be advocating highly skilled training of echocardiographers to 

ensure consistency in the reporting whether a tertiary or a peripheral centre is performing the 

exam.  

Despite growing evidence for the potential role of CMR in detecting several manifestations of 

SSc-PHI, currently available data do not yet allow a recommendation for a standardized use of 

the modality. It is recognized that even completely asymptomatic patients may show CMR 

abnormalities and that CMR represents the surrogate for the gold-standard, endomyocardial 

biopsy. Furthermore, CMR provides important data on tissue characterization with preliminary 

data suggesting prognostic implication, but these findings require confirmation in larger 

prospective studies. Against this background, the current consensus guidance included CMR to 

1. be considered on a case-by-case basis, including in asymptomatic patients without history of 

heart involvement, 2. to be included as part of the diagnostic work up where suspicion remains 

following positive findings in the initial core evaluation. 

Comparison with current approaches 

In comparison to the diagnostic work-up proposed by Bournia et al, we did not clearly indicate 

which assessments should be included in the second tier, to be decided on a case-by-case basis in 

line with a tailored approach managed by a multidisciplinary team. Our consensus included 

laboratory biomarkers in the annual cardiac workup, ECG and ECHO for the screening of 

asymptomatic patients, given the increasing evidence of their role for the evaluation of 

myocardial stress and microvasculopathy (27, 28). This is particularly the case of high sensitivity 

Troponin, which is a promising biomarker for the detection of myocardial involvement (27-29). 

In addition, NT-proBNP and BNP are already part of the screening algorithm for SSc-PAH and 

are already available to the physician as a useful guidance to further understand the cardiac 

context (30).    

The consensus best practice from Bissell et al stressed the importance of the multi-disciplinary 

team in the management of SSc-pHI, including recognition of wider cardiac disease, attributing 

an active role to the caring rheumatologist in the evaluation for coronary artery disease (CAD), 

lipid profile and glycate hemoglobin (4). In contrast, our consensus guidance considered acute 

and chronic CAD as a necessary differential diagnosis to be always considered and tested 

according to specific guidelines and recommendations. In addition, we continue to recommend 
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yearly assessment even in the symptomatic patients, with further adjustment of timing and kind 

of assessments on a case-to-case evaluation. This was even stressed more in our paper for the 

patients with definite cardiac involvement, in which the whole decision algorithm was patient-

tailored by the multi-specialty team. 

In comparison to both Bournia et al and Bissell et al, our manuscript had the benefit of increasing 

evidence on the use of CMR (4, 5)(17) and therefore proposes that it may be considered by the 

multidisciplinary team for screening purposes and should be included in the diagnostic work-up 

where suspicion remains after the core evaluation. This remains part of the research agenda, 

although recent publications have identified possible risk factors for the detection of CMR 

changes, such as higher mRSS, presence of digital ulcers and increased cardiac biomarkers (33). 

These results further support the multidisciplinary team evaluation, with the rheumatologist 

being pivotal to assess skin involvement and peripheral vasculopathy, the role of biomarkers in 

the annual cardiac assessment and the added value of CMR from a diagnostic and prognostic 

perspective.  

Strengths and limitations 

Our study has some clear strengths. The expert panel comprised of specialists dealing with the 

breadth of SSc-pHI, including cardiologists with sub-specialty expertise, rheumatologists and 

immunologists. Moreover, we included patient research partners throughout this initiative. 

Limitations of this document includes that much of the guidance given is in part based on poorly 

detailed and inconsistent data with a clear lack of well-controlled prospective data in this field. 

Guidance on state-of-the-art tests was largely based on expertise (rather than a sizeable evidence 

base), similar to the previous consensus document (4). Unfortunately, no validation is currently 

available to support the statements provided, either retrospective or prospective. We recommend 

ongoing research to refine the suggested guidance, in particular the investigations that would not 

be captured by routinely assessment of other indications, such as the screening for PAH. 

Conclusions 

This consensus initiative for SSc-pHI provides guidance for screening and diagnostic work up. A 

next step will be validation in a real-life cohort with the future ambition of evaluating 

interventions to prevent and treat this life-threatening complication and its manifestations.  



Supplement Annex 1 – The formulated Patients-Exposure-Outcome questions created as basis 

for the systematic literature review.  

 

• Conventional radiology 

o Is conventional radiology used to diagnose SSc-pHI? 

o Which parameters of Conventional radiology are used to diagnose SSc-pHI? 

o Which alterations detected on Conventional radiology are useful to diagnose SSc-pHI? 

 

• Nuclear medicine techniques 

o Is Cardiac Scintigraphy used to diagnose SSc-pHI? 

o Which parameters of Cardiac Scintigraphy are used to diagnose SSc-pHI? 

o Which alterations detected on Cardiac Scintigraphy are useful to diagnose SSc-pHI? 

o Is SPECT used to diagnose SSc-pHI? 

o Which parameters of SPECT are used to diagnose SSc-pHI? 

o Which alterations detected on SPECT are useful to diagnose SSc-pHI? 

o Is PET used to diagnose SSc-pHI? 

o Which parameters of PET are used to diagnose SSc-pHI? 

o Which alterations detected on PET are useful to diagnose SSc-pHI? 

 

• Peripheral blood Biomarkers 

o Are blood biomarkers used to diagnose SSc-pHI? 

o Which blood biomarkers are used to diagnose SSc-pHI? 

o What cut-off with respect to a blood biomarker is useful to diagnose SSc-pHI? 

 

• Coronary angiography/arteriography 

o Is Coronary angiography/arteriography used to diagnose SSc-pHI? 

o Which parameters of Coronary angiography/arteriography are used to diagnose SSc-

pHI? 

o Which alterations detected on Coronary angiography/arteriography are useful to 

diagnose SSc-pHI? 

 



• Cardiac Magnetic Resonance (CMR) 

o Is CMR used to diagnose SSc-pHI? 

o Which parameters of CMR are used to diagnose SSc-pHI? 

o Which alterations detected on CMR are useful to diagnose SSc-pHI? 

 

• Electrocardiography (ECG)/ 24h Holter monitoring / stress ECG.  

o Is ECG used to diagnose SSc-pHI? 

o Which parameters of ECG are used to diagnose SSc-pHI? 

o Which alterations detected on ECG are useful to diagnose SSc-pHI? 

 

• Echocardiography 

o Is Echocardiography used to diagnose SSc-pHI? 

o Which parameters of Echocardiography are used to diagnose SSc-pHI? 

o Which alterations detected on Echocardiography are useful to diagnose SSc-pHI? 

 

• Other tests 

o Are other tests used to diagnose SSc-pHI? 

o Which parameters of Other tests are used to diagnose SSc-pHI? 

o Which alterations detected on other tests are useful to diagnose SSc-pHI? 

 



Supplement Table 1. Data extracted during through the systematic literature review, regarding 

the Conventional Radiology domain. 

Including 1201 patients (13, 34-61) e 240 controls (21, 44, 51, 52, 57, 62, 63). 

c=consecutive, w=with cardiac involvement or cardiac symptoms; w/o= no symptoms or known 

cardiac involvement) are reported. Data are also highlighted in gray if a control group was 

present, in green if the comparison was statistically significant and in blue if this was not. 

- Chest X-ray 

Finding N°   

PAPERS 

Reference

s 

N° 

PATIENTS 

Reference

s 

N° controls References 

cardiomegaly 19 (35-38, 40, 

43-46, 48-

55, 59, 61) 

120/1201 

(10%) 

(35, 38, 

40, 46, 

49-55, 61) 

4/88 (4.5%) (51) 

Pleural 

effusion 

2 (38, 60) 4/39 (10%) (38, 51) Not 

reported 

 

Signs of 

pulmonary 

oedema 

4 (36, 45, 

50, 60) 

10/40 

(25%) 

(45, 50, 

60) 

Not 

reported 

 

Sings of 

interstitial 

lung disease 

12 (13, 35, 

36, 38, 41-

43, 45-47, 

50, 53, 60) 

143/455 

(31.4%) 

(13, 35, 

38, 41-43, 

45-47, 50, 

53, 60) 

Not 

reported 

 

Hilar 

enlargement 

1 (36) Not 

specified 

 Not 

reported 

 

 

- Chest computed tomography 

 

Finding N°   

PAPERS 

Refer

ences 

N° PATIENTS Reference

s 

N° controls References 

cardiomegaly 1 (38) 5/28 (17.9%) (38)   



Supplement Table 2. Data extracted during through the systematic literature review, regarding 

the myocardial scintigraphy domain. 

Reported in 26 manuscripts including 1072 patients (34, 43, 48, 50, 52, 61, 64-80) and 128 

controls (48, 52, 57, 69, 70, 77, 79). 

c=consecutive, w=with cardiac involvement or cardiac symptoms; w/o= no symptoms or known 

cardiac involvement) are reported. Data are also highlighted in gray if a control group was 

present, in green if the comparison was statistically significant and in blue if this was not. 

 

Finding N°   

papers 

References N° patients References N° controls References 

Decreased 

perfusion 

      

At rest 5 (34, 42, 43, 

68, 72) 

83/196 

(42.3%) 

(34, 42, 43, 

68, 72) 

Not 

reported 

 

On stress 3 (52, 66, 80) 49/105 

(46.6%) 

(52, 66, 80) 1/20 (5%) (52) 

Both rest and 

stress 

1 (66) 3/24 (12.5%) (66) Not 

reported 

 

Not specified 10 (48, 50, 61, 

65, 70, 72-

75) 

113/514 

(22%) 

(48, 50, 61, 

65, 70, 72-

75) 

1/128 

(0.7%) 

(48, 52, 57, 

69, 70, 77, 

79) 

Motion 

Abnormalities 

6 (42, 43, 50, 

65, 72, 79) 

17/73 

(23.3.%) 

(42, 43, 50, 

72) 

Not 

reported 

 

Functional 

impairment 

10 (34, 43, 50, 

69, 70, 72, 

73, 76, 77, 

79) 

50/239 

(20.9%) 

(34, 43, 50, 

69, 70, 72, 

73, 76, 77, 

79) 

Not 

reported 

 

Inflammation 3 (64, 72, 78) 15/75 (20%) (64, 72, 78) Not 

reported 

 

Other       



Pathologically 

increased 

activity 

1 (67) 7/17 (41.2%) (67) Not 

reported 

 

Ischaemic ST 

tract changes 

1 (77) 1/24 (80) Not 

reported 

 

Improvement 

after 

dipyridamole 

or nifedipine 

2 (42, 43) 43/43 (21, 60) Not 

reported 

 

 



Supplement Table 3. Data extracted during through the systematic literature review, regarding 

the Laboratory biomarkers domain. 

Derived from 45 manuscripts including 16266 patients (8-13, 18, 19, 21-23, 38, 41, 50, 51, 55, 

59, 64, 72, 78, 81-105) and 447 controls (8-12, 19, 21, 23, 92-94, 102).  

c=consecutive, w=with cardiac involvement or cardiac symptoms; w/o= no symptoms or known 

cardiac involvement) are reported. Data are also highlighted in gray if a control group was 

present, in green if the comparison was statistically significant and in blue if this was not. 

 

Finding N°   

PAPERS 

N° 

patien

ts 

Value/ 

prevalence 

in patients 

N° 

contro

ls 

Value/ 

prevalence 

in controls 

Statistically 

significant 

difference 

References 

NT-proBNP 17 1383      

mean 1 42 c 122±135 

pg/l 

   (84) 

mean 1 50 c 275±536 

pg/ml 

   (85) 

mean 1 69 w/o 229±447 

pg/ml 

   (86) 

mean 1 144 c 138±130 

pmol/l 

   (98) 

mean 1 70 w/o 192±163 

pg/ml 

   (18) 

mean  19 c 145±130 

ng/l 

   (105) 

median 1 78 late 

vs 37 

early 

onset 

172.6 vs 

73.3 pg/ml 

  yes (103) 

median 1 21 w 

vs 42 

219 vs 11 

pg/l 

  yes (59) 



w/o 

median 1 33 w/o 127 ng/l 20 hc 47 ng/l yes (8) 

median 1 110 c 147 ng/l 105 hc 87 ng/l yes (9) 

median 1 195 c 85 pg/ml 30 hc 54 no  

median 1 31 w/o 11.6 

pmol/ml 

32 hc 9.6 

pmol/ml 

no (92) 

>450 in >50yo, 

>900 in 50-

75yo, >1800 in 

>75yo 

1 w/o 38/103 

(36.7%) 

   (55) 

>125 pg/ml 3 w/o 28/69 

(40.6%) 

   (86) 

  c 29/65 

(44.6%) 

   (88) 

  c 62/195 

(31.8%) 

hc 4/30 

(13.3%) 

yes (102) 

>300 ng/l 1 c 34/234 

(15%) 

   (104) 

BNP 7 357      

mean 1 153 c 37.5±28.5 

pg/ml 

17 hc 23.1±16.0 

pg/ml 

yes (10) 

median 3 24 w 56.5 pg/ml    (13) 

  47 w/o 111 mg/dl 36 hc 70 mg/dl yes (11) 

Within SSc, for 

future cardiac 

events 

 11 w 

vs 22 

w/o  

166.2±151-

2 vs 

102.0±101.

7 pg/ml 

  No (64) 

Hs-Troponin I        

median 2 110 c 5.1 ng/L 105 hc 3.7 ng/L yes (9) 

  33 w/o 3.7 ng/L 20 hc 8.0 ng/L no (8) 



mean 1 19 c 76±137 

ng/L  

   (105) 

Hs-Troponin T 2  NA  NA  (12, 41) 

>14 ng/L 3 c 23/65 

(35.4%) 

   (88) 

  w/o 38/103 

(36.7%) 

   (55) 

  c 63/195 

(32.3%) 

hc 0/30 (0.0%) yes (102) 

median 1 195 c 11 ng/L 30 hc 5 ng/L no (102) 

CK       (64) 

Elevated 2 Depres

sed vs 

normal 

LVEF 

44/383 

(11.4%) vs 

535/6690 

(8.0%) 

  yes (81) 

  w 21/25 

(84%) 

   (72) 

  c 0/16 (0%)    (78) 

>190 mg/dl 1 c 16/195 

(8.2%) 

   (102) 

>500 mg/dl 1 

 

Within 

SSc, 

Late vs 

early 

onset 

13/78 

(16.7%) vs 

6/37 

(29.7%) 

  no (103) 

mean 3 69 w/o 146±161 

mg/dl 

   (86) 

  100 

w/o 

176±247 

mg/dl 

   (95) 

  19 c 141±148 

mg/dl 

   (105) 



CK-MB        

elevated  w/o 2/25 (8%)    (68) 

>4 mg/dl  c 36/195 

(18.5%) 

   (102) 

>25 U/L  w/o 38/103 

(36.7%) 

   (55) 

Other        

TIMP-1 1 111 c 167±63 

ng/ml 

21 hc 183±29 

nl/ml 

No (21) 

ET-1 1 30 c 2.6±0.2 

pmol/L 

48 hc 1.8±0.1 

pmol/L 

Yes (93) 

IL-6 median 1 31 w/o 3.2 pg/ml 32 hc 2.2 pg/ml Yes (92) 

ANP mean 1 30 c 239±59 

pmol/l 

48 hc 172.8±36 

pmol/L 

Yes (94) 

NT-proANP        

mean 1 144 c 648.8±383.

1 pmol/l 

   (89) 

Proposed cut-

off for future 

cardiac event 

1 144 c 822.5 

pmol/l 

   (49) 

ESR 2       

median  110 c 13 mm/h 105 hc 10 mm/h Yes  

mean  30 w/o 21.5±13.5 

mm/h 

30 hc 11.3±7.1 Yes (19) 

Hs-CRP 2       

median  110 c 2.2 mg/L 105 hc 1.7 mg/L Yes  

mean  30 w/o 5.3±4.4 

mg/dl 

30 hc 3.9±1.8 No (19) 



Supplement Table 4. Data extracted during through the systematic literature review, regarding 

the Coronary studies (angiography, CT) domain. 

Data obtained from 21 papers including 1746 patients (34, 43, 52, 60, 61, 66, 72, 75, 83, 97, 98, 

106-114) and 88 controls (41, 57, 63, 108). 

c=consecutive, w=with cardiac involvement or cardiac symptoms; w/o= no symptoms or known 

cardiac involvement) are reported. Data are also highlighted in gray if a control group was 

present, in green if the comparison was statistically significant and in blue if this was not. 

 

Finding N°   

PAPERS 

References N° PATIENTS Reference

s 

N° controls References 

Coronary 

arteries 

abnormalitie

s 

20 (34, 39, 43, 

52, 60, 61, 

66, 72, 75, 

98, 106-115) 

189/1711 (11%) (34, 43, 

52, 60, 

61, 66, 

72, 75, 

106-114) 

0/68 (0%) 

HC 

20/20 

(100%) CAD 

(41, 57, 63, 

108) 

Coronary 

flow reserve 

on Coronary 

Angiography 

1 17 c Severity of 

coronary 

atherosclerosis 

was similar using 

WCA and 

SYNTHAX scores. 

Similar values of 

coronary flow 

velocity. 

(108) 17 hc  

 



 

Supplement Table 5. Data extracted during through the systematic literature review, regarding 

the Cardiac Magnetic Resonance domain. 

Data obtained from 28 publications including 1326 patients (8, 12-17, 31, 36, 37, 39, 41, 64, 78, 

83, 91, 97, 105, 114, 116-125) and 207 controls (8, 12-16, 41, 83, 122, 123, 125). 

c=consecutive, w=with cardiac involvement or cardiac symptoms; w/o= no symptoms or known 

cardiac involvement) are reported. Data are also highlighted in gray if a control group was 

present, in green if the comparison was statistically significant and in blue if this was not. 

 

Finding N°   

PAPERS 

N° patients Value/pr

evalenc

e in 

patients 

N° 

contro

ls 

Value/prev

alence in 

controls 

Statistically 

significant 

difference 

References 

LA 

abnormalities 

1 19     (14) 

LA diameter 

(mm) 

1 19 w/o 37±6 20 hc 28±5 Yes (14) 

RA 

abnormalities 

0      Not 

reported 

LV 

abnormalities 

10      (13, 31, 41, 

97, 116, 

117, 120, 

121, 123, 

125) 

LV dilation 1 c 3/52 

(5.7%) 

   (116) 

 2 w/o 14/46 

(30.4%) 

   (117, 120) 

 1 w 22/50 

(48.9%) 

   (121) 



LV-EDV (ml)        

Mean 1 50 c 96.5±18.

6 

31 hc 126.8±29.5 Yes (123) 

Mean 1 46 c 122±29 20 hc 

20 

CAD 

127±32 

237±77 

No vs HC 

Yes vs CAD 

(41) 

Mean 1 62 d vs 20 l 

c 

118±28 

vs 

120±19 

  No (97) 

Mean 1 19 w/o 69±11 20 hc 77±16 No (14) 

Median 1 150 c 88 (72-

126) 

  Different 

among risk 

categories 

(31) 

LV-EDV-I 

(ml/m2) 

       

Mean 1 24 c 77.8±23.

7 

12 hc 75.1±16.5 No (13) 

>95 in females, 

>100 in males 

1 w/o 4/20 

(20%) 

   (117) 

LV 

hypertrophy 

       

LV septum 2 w and w/o 9/70 

(12.9%) 

   (117, 121) 

LV infero-

lateral wall  

1 w/o 7/20 

(35%) 

   (117) 

LVMI (g/m2)        

Mean 3     No (13, 14, 

122) 

LV anatomical 

or structural 

changes 

       



Present 1 c 15/52 

(28.8%) 

   (116) 

>77 g/m2 (f); >91 

g/m2 (m) +2SD 
1 w/o 2/20 

(10%) 

   (117) 

Global LV 

systolic 

disfunction 

       

Not defined 2 w/o 23/227 

(10.1%) 

   (17, 120) 

 LVEF < 55% 2 C 24/170 

(14.1%) 

   (31, 117) 

 LVEF (%)         

Median 1 150 w and 

w/o 

64.5 

(610. – 

69.7) 

   (31) 

mean 1 46 c 62.8±11 20 hc 

20 

CAD 

61.8±15.2 

42±12 

No vs HC 

Yes vs CAD 

(41) 

mean 1 50 w/o 60.8±6.7 31 hc 65.2±7.1 Yes (123) 

LV wall motion 

abnormalities 

1 c 15/52 

(28.8%) 

   (116) 

hypokinesia 2 w/o 27/46 

(58.7%) 

   (117, 120) 

 1 w 12/50 

(24%) 

   (121) 

LV diastolic 

disfunction 

       

 1 c 11/46 

(23.9%) 

   (41) 

 1 w/o 17/20 

(85%) 

   (117) 



Peak diastolic 

strain rate 

(1/s) 

1 19 c 83±26  20 hc 114±16 Yes (14) 

LV GLS 

abnormalities 

       

Present 1 W 2/50 

(4%) 

   (121) 

Radial strain 1     Significantly 

reduced in 

SSc vs HC 

(125) 

Circumferentia

l stran 

1     Significantly 

higher in 

SSc vs HC 

(125) 

Mid SA 

circumferentia

l strain 

1 19 w/o -16.8 ± 

1.6 

20 hc -18.6 ± 1.0 Yes (14) 

LV myocardial 

perfusion 

abnormalities 

       

Present 5 c or w/o 31/85 

(36.4%) 

   (36, 39, 

118, 120, 

125) 

MPR 1 46 c 0.6±0.4 20 HC 3.1±0.3 Yes (41) 

MPRI 1 19 c 3.1±0.9 22 HC 4.2±1.3 Yes (122) 

RV 

abnormalities 

       

RV dyskinesia 1 C 5/52 

(9.6%) 

   (116) 

RV dilatation        

prevalence 3 c or w/o 36/124 

(29.0%) 

   (41, 116, 

120) 

Median 1 150 w and 86.5    (31) 



w/o (67-119) 

RV-EDV (ml) 1 50 c 80.5 ± 

19.3 

31 hc 105.4 ± 

12.6 

Yes (123) 

 1 46 c 114.3±3

2.4 

20 HC 

20 

CAD 

108.2±33.8 

132.6±33 

No vs HC 

Yes vs CAD 

(41) 

RV-EDV-I 

(ml/m2) >96 

for females, 

>111 for males  

1 w/o 6/20 

(30%) 

   (117) 

RV 

hypertrophy 

       

Thickness 

>5mm 

1 w/o 2/20 

(10%) 

   (117) 

RV mass index 

(g/m2) 

1 24 w 19.4 ± 

5.6 

12 hc 16.6 ± 3.1 No (13) 

RVEF (%)        

Median 1 150 w + 

w/o 

62 (56-

68) 

   (31) 

Reduced 4 C + w/o 44/299 

(14.7%) 

   (17, 116, 

117, 120) 

Mean 3 100 c + 

w/o 

 63 hc  No (13, 15, 41) 

 1 50 w  31 hc  Yes (123) 

EGE – Range 

median of LV 

mass (%) 

Within 

SSc 

Higher in 

patients 

with 

myocarditis 

defined 

with Lake 

Louis 

criteria 

   Not 

reported 

(41) 



 Within 

SSc, for 

future 

cardiac 

events 

31 w vs 19 

w/o 

arrhythmic 

events 

3.8 (2.0, 

6.0) vs 

1.9 (1.4, 

3.4)  

  Yes (12) 

LGE         

Present 4 C 75/173 

(43.3%) 

   (12, 37, 41, 

105, 122) 

 8 w/o 166/499 

(33.2%) 

   (8, 14, 17, 

36, 39, 97, 

111, 114, 

117, 119, 

120, 125) 

 5 W 158/362 

(43.6%) 

   (13, 31, 41, 

64, 121) 

distribution Of the 

prevalen

t cases 

Linear 64/183 

(34.9%) 

   (37, 114, 

116, 117, 

119) 

  Nodular 14/183 

(7.6%) 

   (37, 39, 

114, 117) 

  Diffuse 105/183 

(57.4%) 

   (12, 14, 36, 

41, 105, 

117, 124) 

  Not 

specified 

383/517 

(74.1%) 

    

Location Of the 

prevalen

t cases 

subendoca

rdial 

19/120 

(15.8%) 

   (36, 117) 

  midmiocar

dial 

93/120 

(77.5%) 

   (12, 14, 15, 

39, 116, 

119, 120, 

124) 

  epicardial 8/120 

(6.7%) 

   (120) 



  Not 

specified 

384/504 

(76.2%) 

    

Pattern Of the 

prevalen

t cases 

Ischemic 4/94 

(4.2%) 

   (17, 124) 

  Not 

ischemic 

90/94 

(95.8%) 

    

  Not 

reported 

410/504 

(81.3%) 

    

Range Mean 

of LV mass (%) 

 301 c+ 

w/o+ w 

From 

2.0±2.9 

to 

9.3±8.7 

20 hc 0.002±0.01 Yes (31, 41, 68, 

97) 

Rage median 

of LV mass (%) 

 31 w vs 19 

w/o 

arrhythmic 

events 

6.0 (5.0, 

12.0) vs 

3.0 (0.0, 

5.0)  

  Yes (12) 

Native T1 

Mapping (ms) 

       

mean 1 24 w 1005±6

3 

12 hc 951±46 Yes (13) 

 1 33 w/o 1258.9±

51.2 

20 hc 1192.2±32.

6 

Yes (8) 

 1 19 w/o 1007±2

9 

20 hc 958 ± 20 Yes (14) 

Within SSc, for 

future cardiac 

events 

1 31 ssc w 

event 

1135.0 

(1117.0, 

1202.0) 

19 ssc 

w/o 

events 

1065.0 

(1018.0, 

1126.0) 

Yes (12) 

Extracellular 

volume 

fraction (ECV) 

– (%)  

       

Mean 1 19 w/o 35.4±4.8 20 hc 27.6±2.5 Yes (14) 



 1  33 w/o 27.5 ± 

2.8 

20 hc 22.8 ± 1.9 Yes (8) 

 1 24 w 30.0 ± 

4.2 

12 hc 24.1 ± 3.5 Yes (13) 

 1 30 c 30±4  10 hc 28±4 Yes (15) 

Median 1 33 w/o 30.0 

(28.0-

31.9) 

16 hc 26.8 (25.4-

29.1) 

Yes (16) 

Within SSc, for 

future cardiac 

events 

1 8 w vs 11 

w/o 

significant 

arrhythmia 

30±2 vs 

29±4 

  Not 

reported 

(105) 

  31 w vs 19 

w/o 

arrhythmic 

events 

32.0 

(31.0-

34.0) vs 

30.5 

(28.0-

32.0)  

  Yes (12) 

T2/STIR 

alteration 

       

Presence of 

abnormality/ 

oedema 

1 c 6/52 

(11.5%) 

   (116) 

 2 w/o 5/201 

(2.4%) 

   (17) 

  w/o 10/26 

(41.7%) 

   (120) 

 1 W 5/50 

(10.0%) 

   (121) 

T2 signal ratio 1 w + w/o 2.0 ± 0.5    (31) 

 1 46 c 3.5 ± 0.5 20 hc 1.25±0.12 Yes (12) 

 Within 

SSc, for 

31 w vs 19 

w/o 

2.4 (2.0, 

2.7) vs 

  Yes (12) 



future 

cardiac 

events 

arrhythmic 

events 

2.2 (1.8, 

2.3) 

T2 mapping 

(ms) - Within 

SSc, for future 

cardiac events 

1 31 w vs 19 

w/o 

arrhythmic 

events 

63.0 

(55.0-

65.0) vs 

55.0 

(49.0-

58.0) 

  Yes (31) 

Valvular 

abnormalities 

      Not 

reported 

Pericardial 

effusion 

       

Present 1 C 10/52 

(19.2%) 

   (116) 

 1 w/o 32/201 

(15.9%) 

   (17) 

<5 mm 2 w/o + w 23/70 

(32.8%) 

   (117, 121) 

≥ 5 mm 2 w/o + w 15/70 

(21.4%) 

   (117, 121) 

 



 

Supplement Table 6. Data extracted during through the systematic literature review, regarding 

the Electrocardiography domain. 

Data derived from 75 manuscripts involving 22866 patients (10, 13, 15, 35-40, 42-47, 49-61, 64-

68, 72, 75, 77, 78, 80, 87, 88, 93, 100-103, 105, 109, 111, 114, 124, 126-150)) and 799 controls 

(10, 15, 21, 46, 48, 51, 52, 57, 58, 69, 87, 93, 126, 128, 132, 136, 139, 141, 142, 144, 145, 149). 

 

Finding N°   

papers 

N° 

patien

ts 

Value/preval

ence in 

patients 

N° 

contro

ls 

Value/prevale

nce in controls 

Statistica

lly 

significa

nt 

differenc

e 

References 

12 leads ECG 

abnormality 

29 1638 468 (28.6%)  20 3 (15.0%)   

15 leads ECG 

abnormality 

1 36 15 (41.7%)    (56) 

No specified 

ECG 

abnormality 

45 15773 1246 (7.9%) 759 34 (4.7%)   

Sinus rhythm 22 1050 804 (76.6%) 105 99 

(94.3%)(144) 

 (13, 35, 37, 

46, 48, 54-56, 

58, 60, 65, 87, 

105, 126, 128, 

129, 133, 136, 

140, 143, 146, 

150) 

Sinus 

bradycardia 

2 86 11 (12.8%)    (37, 38) 

Sinus 

tachycardia 

2 58 24 (41.4%)    (38, 101) 

Mobitz type I 

AV conduction 

block 

10 808  27 (3.3%)    (46, 55, 64, 

133-135, 142, 

146, 150) 

Mobitz type II 

AV conduction 

block 

10 571 1 (0.1%)    (46, 55, 64, 

103, 134, 142, 

146, 150) 

Third degree 

AV block 

12 763 7 (0.09%)    (35, 54, 55, 

61, 64, 66, 

103, 135, 142, 

146, 150) 



Sinus 

arrhythmia 

9 459 14 (3.1%) 105 6 (5.7%) (144)  (46, 55, 64, 

80, 100, 134, 

142, 146, 150) 

Atrial 

Fibrillation 

14 663 13 (2.0%)  

 

  (35, 46, 54, 

55, 64, 68, 

100, 134, 142, 

143, 146, 150) 

Atrial Flutter 9 405 11 (2.7%)    (35, 46, 55, 

64, 68, 134, 

142, 146, 150) 

Atrial 

Tachycardia 

10 404 11 (2.7%)    (13, 46, 55, 

64, 66, 68, 

134, 142, 146, 

150) 

Supraventricul

ar Tachycardia 

9 558 20 (3.6%)    (46, 55, 61, 

68, 100, 134, 

142, 146, 150) 

Ventricular 

Tachycardia – 

monomorphic 

14 1384 30 (2.7%)    (46, 49, 55, 

61, 64, 66, 68, 

100, 134, 135, 

142, 146, 147, 

150) 

Ventricular 

Tachycardia – 

polymorphic 

7 425 0 (0.0%)    (55, 64, 100, 

134, 142, 146, 

150) 

Ventricular 

fibrillation 

9 490 1 (<0.1%) 66 0 (0.0%)   (35, 46, 55, 

64, 100, 134, 

146, 150) 

Atrial ectopies 15 1098 63 (5.7%) 154 9 (5.8%) (51, 

142) 

 (35, 46, 51, 

52, 54-56, 80, 

100, 111, 133, 

142, 143, 146) 

Ventricular 

ectopies 

18 908 80 (8.8%) 177 2 (1.1%) (51, 

58, 142) 

 (35, 46, 48, 

51, 54-56, 58, 

64, 66, 68, 80, 

100, 109, 111, 

142, 143, 146) 

Right bundle 

branch block 

36 6329 175 (2.8%) 302 17 (5.6%)(58, 

142, 144) 

 (13, 35, 37, 

40, 46, 48, 49, 

52, 54-56, 58, 

64-66, 68, 87, 

100, 102, 103, 

105, 109, 111, 

129, 133-137, 

140, 142, 143, 

146-148, 150) 

Left bundle 

branch block 

26 5138 52 (1.0%)  307 2 (0.6%) (51, 

93, 142, 144) 

 (35, 40, 43, 

46, 48, 49, 54-



56, 64, 68, 

100, 103, 105, 

129, 133-137, 

142, 143, 146, 

148-150) 

Left Ventricle 

hypertrophy 

2 131 8 (6.1%)    (56, 143) 

Right Ventricle 

hypertrophy 

14 975 30 (3.1%) 154 3 (1.9%) (51, 

142) 

 (35, 43, 46, 

49, 50, 87, 

100, 133, 135, 

136, 142, 143, 

146, 150) 

Left Atrium 

Enlargement 

7 564 9 (1.6%) 186 0 (0.0%) (51, 

57, 142) 

 (50, 57, 100, 

133, 142, 146, 

150) 

Right Atrium 

Enlargement 

6 551 11 (2.0%) 186  1 (0.5%) (51, 

57, 142) 

 (58, 100, 133, 

142, 146, 150) 

WPW pattern 1 29 0 (0.0%)     (146) 

T wave 

morphology 

alternation 

16 946 102 (10.8%) 75 3 (4.0%) (48, 

142) 

 (38, 47, 50, 

54, 65, 72, 80, 

87, 100, 101, 

109, 133, 142, 

143, 146, 150) 

Brugada 

pattern 

1 29 0 (0.0%) 

(146) 

    

Heart rate        

Abnormal 

(<60/bpm or 

>100 bpm) 

1 110 c 13 (11.8%)     (100) 

Mean 1 24 w 73±18    (13) 

Median 1 22 c 82 (607-106)    (149) 

RR interval        

Mean (ms) 1 35 c 859±135 35 hc 903±120 No (87) 

PR interval        

Mean 1 35 c 158±21 35 hc 157±21 No (87) 

 1 76 c 148±21 66 hc 152±38 No (142) 

Abnormal 5 301 c 13 (4.3%)    (35, 51, 55, 

87, 146) 

QRS interval        

Mean 1 76 c 87±10 66 hc 90±14 No (142) 

 1 15 c 95±13 18 hc 95±7 No (145) 

Anterior left 

hemiblock 

3 90 c 12 (13.3%)    (58, 80, 129) 

Abnormal 9 588 c 70 (11.9%)    (9, 54, 55, 61, 

87, 103, 137, 

143, 146) 

QT interval        



QTc (ms) 

Mean 

2 72 c 423±17 74 c 408±14 Yes (142) 

  110 c 419±25 105 hc 413±25 No 

(p=0.06) 

(144) 

Mean 1 36 c 404±22    (56) 

>440 ms 3 398 c 

+ w/o 

43 (10.8%)    (55, 102, 111) 

>440 ms 1 110 c 21 (20%) 105 hc 10 (9%) Yes (144) 

QTcd (ms) 

Mean 

1 27 c 58±30.3 17 hc 55.8±18.6 No (10) 

Other        

ST tract 

depression 

2 120 c 37 (30.8%)    (43, 111) 

 



Supplement Table 7. Data extracted during through the systematic literature review, regarding 

the Echocardiography domain. 

Data retrieved from 139 manuscripts on 20790 patients (8-23, 36-40, 42-52, 54-62, 64-66, 68, 

71, 73-75, 77, 78, 80, 82-96, 98-106, 108, 110-113, 115, 116, 118, 120, 123, 125-131, 134, 136, 

138-143, 145-182)) and 2448 controls (8-12, 14-16, 18-23, 44-48, 51, 52, 57, 58, 62, 69, 73, 74, 

76, 77, 82-84, 87, 89, 90, 92-95, 108, 110, 123, 126, 128-130, 136, 139-142, 145, 146, 150-153, 

156-159, 161, 163-171, 175-178, 181, 182). 

c=consecutive, w=with cardiac involvement or cardiac symptoms; w/o= no symptoms or known 

cardiac involvement) are reported. Data are also highlighted in gray if a control group was 

present, in green if the comparison was statistically significant and in blue if this was not. 

 

Finding N°   

papers 

N° 

patients 

Value/preval

ence in 

patients 

N° 

control

s 

Value/preval

ence in 

controls 

Statistic

ally 

significa

nt 

differen

ce 

References 

LA Dilatation 26      (21, 45, 47, 

50, 56, 64, 

66, 84, 86, 

87, 89, 93-

95, 99, 123, 

134, 142, 

154, 158, 

159, 161, 

165-167, 

171, 173) 

Present, not 

specified 

8 C+w/o+

w 

27/404 

(6.7%) 

Hc 3/251 (1.2%) 

(47, 94, 142, 

175) 

 (47, 50, 56, 

66, 94, 100, 

134, 142, 

175) 

LA Index Volume 

(mL/m2) 

8      (13, 84, 89, 

99, 158, 

162, 171, 

173) 

Normal cut-off 

<34 

1      (173) 

Mean (SD)  42 c 24.9±5.3 42 hc 24.7±4.4 No (84) 

  45 c 28.4±8.7 20 hc 19.3±4.6 Yes (89) 

  22 c 22.4±4.5    (162) 



  52 w/o 23.7±5.7 52 hc 23.3±6.2 No (158) 

  54 w/o 27±8    (173) 

  24 w 27±7.2    (13) 

LA Area 3      (93, 110, 

156) 

M-mode (cm2) – 

Mean (SD) 

1 40 c 14.7±3.5 40 hc 15.0±2.0 No (156) 

 1 46 w 

diastolic 

dysf 

21±5 195 

ssc 

w/o 

diastol

ic dysf 

66 hc 

17±4 

 

 

 

 

18±3 

Yes 

 

 

 

 

Yes 

(110) 

2D area 

(mm2/m2) – 

Mean (SD) 

1 30 c 913±43 48 hc 748±25 Yes (93) 

LA Diameter 

(mm) 

21      (10, 45, 64, 

71, 86, 87, 

92, 95, 99, 

104, 126, 

130, 154, 

159, 161-

164, 166, 

167, 173, 

174) 

>40mm 2 C+w/o 74/650 

(11.4%) 

   (154, 159) 

Mean (SD) value 

range 

6 1052 c From 

34.6±5.2 to 

38.7±6.1 

   (86, 104, 

154, 162, 

173, 174) 

Mean (SD) value 

range 

1 35 c 34±6 35 hc 29±5 Yes (87) 

 1 100 c 34±0.5 45 hc 31.9±2.6 Yes (95) 

Mean (SD) value 

range 

10 334 c + 

w/o 

From 

28.8±2.0 to 

36.2±4.1 

306 hc From 

27.3±5.9 to 

35.8±3.7 

No (10, 44, 45, 

77, 126, 

130, 161, 

163, 164, 

166) 

Median (IQR) 

value range 

1 17 c 38.5 (32-41) 23 hc 37 (33.8-39) No (167) 

 1 31 w/o 38 (35-43) 32 hc 36.5 (32.38) Yes (92) 

RA dilatation 8      (18, 23, 93, 

126, 134, 

142, 156, 

158) 

Dilated RA 1 C 18/76 

(23.7%) 

Hc 0/66 (0.0%) Yes (142) 

RA indexed 1 70 w/o 19.4±5.5 25 hc 19.5±5.9 No (18) 



Volume (mL/m2) 

RA area        

M-mode (cm2) – 

Mean (SD) 

1 52 c 20.7±9.0 52 hc 19.7±6.4 No (158) 

M-mode (cm2) – 

Mean 

1 40 c 13 40 hc 14.2 No (156) 

2D area 

(mm2/m2) – 

Mean (SD) 

1 30 c 929±56 48 hc 917±30 No (93) 

RA diameter 

(mm) 

       

Not specified 1 26 c 29.2±2.4 24 hc 29.9±2.6 No (126) 

Major Axis 1 42 w/o 44.5±5.6 40 hc 43.3±4.9 No (23) 

Minor Axis 1 42 w/o 34.8±4.2 40 hc 31.9±3.6 Yes (23) 

LA impaired 

emptying 

2      (77, 126) 

Present 1 c 14/24 

(58.3%) 

   (77) 

Decreased LA 

Passive Emptying 

2      (99, 126) 

Present 1 C 16/40 (40%)    (99) 

RV Dilation        

Present 10 C+w/o+

w 

56/547 

(10.2%) 

   (9, 50, 56, 

100, 120, 

134, 136, 

143, 157, 

159) 

RV diameter ≥23 
mm 

1 C 17/80 

(21.3%) 

Hc 3/18 (16.7%) Not 

reporte

d 

(159) 

RV diameter ≥26 
mm 

1 C 9/110 (8.1%)    (100) 

RV diameter 

(mm) – Median 

1 31 w/o 24.3 (22-26) 32 hc 21.8 (21-23) Yes (92) 

RV diameter 

(mm) – Mean 

1 76 c 21.5±5.5 66 hc 21.4±2.5 No (142) 

RV diameter 

Indexed mm/m2 

1 63 c 9.5±4.7 40 hc 8.9±2.8 No (52) 

RV basal 

diameter 

1 46 with 

diastolic 

dysfunct

ion 

43±9 195 

w/o 

diastol

ic 

dynsfu

nction 

65 hc 

38±6 

 

 

 

 

 

37±5 

Yes 

 

 

 

 

 

Yes 

(110) 

RV Basal 

diameter indexed 

(mm/m2) 

1 70 c 18.4±2.4 25 hc 17.5±1.6 No (18) 



RVEDD (mm) – 

Mean 

1 23 c 26.4±2.2 25 hc 21.2±3.8 Yes (90) 

RVED Area (mm2) 

– median 

1 95 w/o 9.7 (8.5-

10.7) 

54 hc 9.6 (6.8-10.5) No (178) 

 1 42 c 10.5 (9.2-

13.5) 

40 hc 12.2 (9.4-

13.1) 

No (23) 

RVES Area (mm2) 

– Median 

1 95 w/o 5.2 (4.6-5.8) 54 hc 4.6 (4.2-5.5) No (178) 

 1 42 c 5.6 (4.5-8.3) 40 hc 5.9 (4.4-6.9) No (14) 

LV Dilation       (9, 22, 44, 

46, 47, 50, 

52, 75, 82, 

89, 90, 92, 

100, 106, 

110, 115, 

120, 134, 

136, 139, 

154, 157, 

159, 161, 

164-166, 

178) 

Present 14 C+ w/o 41/1072 

(3.8%) 

HC 6/775 (0.8%)  (46, 47, 50, 

75, 90, 100, 

110, 120, 

134, 136, 

157, 159, 

164, 165) 

LV diameter 

(mm) 

1 124 c 44.8±5.5 41 hc 44.2±4.0 No (151) 

LV Internal 

Dimension – 

diastolic (mm) 

4 179 c From 

40.6±4.2 to 

47.0±2.2 

135 hc From 

42.0±4.4 to 

48.4±3.8 

No (45, 139, 

161, 166) 

LV Internal 

Dimension – 

systolic (mm) 

4 179 c From 

24.9±2.6 to 

28.6±3.8 

135 hc From 

25.2±4.4 to 

29.0±5.1 

No (139, 159, 

161, 166) 

LVEDD (mm) 1 25 w 46.7±5.9    (106) 

Mean 5 383 c From 

42.8±3.9 

to 51.2±5.1 

210 hc From 

40.4±4.8 to 

50.3±2.5 

No (10, 20, 87, 

95, 126, 

141, 153) 

Median 1 47 c 44 (42-47) 36 hc 45 (42-48) No (11) 

  17 w/o 44 (44-47) 22 hc 47 (42-49) No (167) 

≥55 mm 1 c 7/80 (8.8%)    (159) 

LVEDD Index 

(mm/m2) 

1 63 c 16.9±2.8 40 hc 17.3±3.1 No (52) 

LVESD (mm) - 

Mean 

1 47 c 26±3.3 36 hc 25±3.4 No (11) 

Median 1 17 w/o 26 (22-29) 20 hc 27 (25-29) No (167) 

LVESD Index 1 63 c 26.9±3.3 40 hc 27.4±3.0 No (52) 



(mm/m2) 

LVEDV (ml) – 

Mean (SD) 

1 104 w/o 76.0±25.4 37 hc 70.6±20.6 No (82) 

 1 45 c 80.6±20.2 20 hc 70.7±4.2 No (89) 

 1 35 c 80.8±9.2 35 hc 80.8±14 No (139) 

Median (IQR) 1 47 c 89 (79-103) 36 hc 93 (79-108) No (11) 

LVEDV Index 

(ml/m2) – 

Median (IQR) 

1 95 w/o 40.3 (35.6-

45.4) 

54 hc 43.8 (39.6-

49.0) 

Yes (178) 

LVESV (ml) -Mean 1 104 w/o 29.1±13.1 37 hc 26.6±5.7 No (82) 

 1 35 c 28.0±4.1 35 hc 27.1±7.1 No (139) 

Median 1 47 c 26±3.3 36 hc 25±3.4 No (11) 

LVESV Index 

(ml/m2) – 

Median (IQR) 

1 95 w/o 16 (12.8-

18.7) 

54 hc 16.3 (14.3-

19.8) 

No 27 

Increased wall 

thickness 

28      (9, 18, 22, 

38, 44, 45, 

50, 52, 58, 

64, 73, 74, 

86, 87, 89, 

90, 94, 95, 

100, 130, 

136, 139, 

141-143, 

149, 151, 

173, 181) 

Hypertrophy of 

the wall (not 

specified) ≥13 
mm 

1 C 15/80 

(18.8%) 

   (159) 

ED-IVS thickness 

(mm) – Mean 

1 69 c 9.3±2.1    (86) 

 1 124 c 10.3±1.8 41 hc 8.9±1.1 Yes (151) 

 1 35 c 9.3±1.1 25 hc 8.2±1.1 Yes (44) 

 1 19 c 8.7±1.6 10 hc 6.6±2.0 Yes (45) 

 1 30 c 12.2±0.5 48 hc 9.9±0.3 Yes (94) 

 1 42 w/o 9.2±2.0 20 hc 7.9±1.6 Yes (73) 

 11 530 c + 

w/o 

From 

6.2±1.2 to 

10.8±2.4 

406 hc From 5.5±0.9 

to 10.1±0.4 

No (9, 22, 52, 

87, 90, 95, 

130, 139, 

141, 157, 

161, 181) 

 1 25 w 

diastolic 

dysfunct

ion 

9.9±1.3 25 w/o 

diastol

ic 

dysfun

ction 

9.5±1.1 No (173) 

 1 24 w ILD 11±2.6 10 w/o 9±1 Yes (136) 



ILD 

>11 mm 4 C + w 43/240 

(17.9%) 

Hc 4/66 (6.1%) 

(142) 

 (58, 74, 

100, 142) 

≥12mm 1 C 12/95 

(12.6%) 

   (143) 

ED-Posterior wall 

thickness (mm) - 

Mean 

1 69 c 8.6±2.1    (86) 

 1 124 c 9.7±1.4 41 hc 8.9±1.2 Yes (151) 

 1 19 c 8.7±1.7 10 hc 6.6±1.3 Yes (45) 

 1 30 c 10.1±0.4 48 hc 9.1±0.3 Yes (94) 

 1 42 w/o 8.9±1.6 20 hc 7.9±1.4 Yes (73) 

 10 462 c + 

w/o 

From 

6.0±1.0 to 

10.0±0.6 

339 hc From 5.5±0.9 

to 9.8±0.7 

No (9, 22, 44, 

52, 87, 90, 

95, 139, 

157, 181) 

 1 25 w 

diastolic 

dysfunct

ion 

9.9±1.3 25 w/o 

diastol

ic 

dysfun

ction 

9.5±1.1 No (173) 

 1 24 w ILD 10.2±2.0 10 w/o 

ILD 

9±2 Yes (136) 

>9 mm 1 C 7/28 (25%)    (38) 

RV wall thickness 

(mm) - mean 

1 70 c 5.0±1.0 25 hc 4.8±0.8 No (18) 

LV Mass        

LV Mass Index 

(g/m2) 

       

Mean 1 570 w/o 97±33    (154) 

 1 124 c 99±31 41 hc 84±25 Yes (151) 

 1 30 c 116±7 48 hc 95±3 Yes (94) 

 1 72 c 96.9±19.5 30 hc 83.3±11.6 Yes (171) 

 1 24 w 42.7±6.2 12 hc 43.9±12.1 No (13) 

 7 261 c From 

70.0±22.4 to 

105.9±26.1 

180 hc From 72±15 

to 99.0±25.9 

No (11, 44, 52, 

87, 89, 90, 

126) 

 1 16 w 

IAMD 

107.1±21.7 24 w/o 

IAMD 

82.5±19.9 Yes (99) 

 1 25 w DD 90±34 25 w/o 

DD 

87±20 No (173) 

Median 1 103 w/o 82 (70-95) 103 hc 80 (69-99) No (175) 

 1 95 W/o 70 (59-79) 54 hc 68 (57-81) No (178) 

Wall Motion 

Abnormalities 

       

Not defined 1 c 11/72 

(15.2%) 

HC 1/64 (1.5%) Yes (142) 



Segmental 

hypokinesia 

9 C 29/505 

(5.7%) 

Hc 2/221 (0.9%)  

(9, 142, 165) 

 (9, 54, 66, 

123, 134, 

142, 143, 

157, 165) 

 1 w 3/10 (30%)    (50) 

 1 After 

cold 

challeng

e 

12/13 

(92.3%) 

   (48) 

Global 

hypokinesia 

1 C 0/30 (0.0%)    (134) 

 1 W 1/10    (50) 

Akinesia 5 C + w 0/182 (0.0%) Hc  0/97 (0.0%)  

(123, 142) 

 (50, 123, 

134, 142, 

157) 

Valvular Lesion        

Valve Sclerosis 1 C 19/110 

(17.3%) 

   (9) 

Mitral Valve        

Any abnormality 1 C 8/22 (36.4%)    (149) 

Thickening / 

Stenosis 

5 C + W7o 26/312 

(8.3%) 

Hc 8/76 (20.5%) 

(95, 165) 

 (87, 95, 

100, 157, 

165) 

Regurgitation 15 C+w/o 313/1459 

(21.5%) 

Hc 84/558 

(15.1%) 

(9, 45, 52, 

93-95, 142, 

165, 171) 

 (9, 38, 45, 

52, 56, 86, 

93-95, 100, 

142, 143, 

154, 165, 

171) 

Prolapse 6 C + W/o 23/377 

(6.1%) 

Hc 2/76 (2.6%)  (38, 54, 87, 

95, 100, 

165) 

Aortic Valve        

Sclerosis 1 C 6/37 (16.2%)    (177) 

Thickening / 

Stenosis 

7 C + w/o 37/210 

(17.6%) 

Hc 6/167 (3.5%)  

(9, 51, 58, 

74, 95, 123, 

165, 177) 

 (38, 87, 95, 

100, 154, 

157, 165) 

Regurgitation 11 C+w/o+

w 

73/1280 

(5.7%) 

Hc 15/397 

(3.8%)  

(9, 51, 58, 

74, 95, 123, 

165, 177) 

 (9, 38, 51, 

74, 86, 95, 

100, 143, 

154, 165, 

181) 

Prolapse Not 

report

ed 

      

Tricuspid Valve        

Any abnormality 3 C 45/172 Hc 41/230  (51, 123, 



(26.2%) (17.8%)  

(51, 58, 123, 

136, 170, 

177) 

177) 

Thickening / 

Stenosis 

Not 

report

ed 

      

Regurgitation 15 c+w/o 216/1142 

(18.9%) 

Hc 22/326 

(6.7%) 

(9, 45, 52, 

110, 142, 

156) 

 (9, 38, 45, 

52, 56, 58, 

100, 110, 

129, 136, 

142, 143, 

156, 159, 

170) 

 1 W 27/37 

(72.9%) 

Hc 21/37 

(56.8%) 

Not 

reporte

d 

(74) 

Prolapse Not 

report

ed 

      

Pulmonary Valve        

Any abnormality 1 C 1/37 (2.7%) Hc 2/37 (6.5%) No (177) 

Thickening / 

Stenosis 

1 C 3/110 (2.7%)    (100) 

Regurgitation 2 C 7/165 (4.2) Hc 0/111 (0.0%)  (51, 159) 

Prolapse        

LV systolic 

function 

       

LV Ejection 

fraction (%) 

       

< 55% 10 C + w/o 471/8483 

(5.6%) 

HC 1/94 (1.1%) 

(74, 95, 123) 

 (73, 74, 77, 

86, 91, 100, 

102, 111, 

123, 127) 

< 50 % 6 C 27/341 

(7.9%)  

HC 1/341 (5.2%) 

(9, 139, 182) 

 (9, 68, 103, 

115, 139, 

182) 

< 45% 1 w/o 8/570 (1.4%)    (154) 

Mean±SD 57 2305 c from 

54±5±4.9 to 

78.2±5.7 

1287 

hc 

55.6±5.8 to 

76.6±5.6 

No (9, 11, 13, 

18-20, 22, 

48, 56, 64, 

82, 84, 86, 

89, 91-93, 

98, 100, 

101, 103-

106, 108, 

110-113, 

115, 120, 



125, 126, 

130, 138, 

139, 141, 

145, 149, 

151, 153, 

154, 156-

158, 162-

166, 168, 

170, 172-

175, 178, 

180-182) 

Mean±SD 5 323c + 

w/o 

From 

54.1±6.7 to 

68.5±7.9 

205 hc From 

59.6±6.8 to 

72.4±5.0 

Yes (9, 18, 73, 

159, 161) 

 1 46 w DD 

195 w/o 

DD 

57±10 

 

58±7 

65 hc 62±4 Yes (110) 

Fractional 

shortening (%) 

1 80 c 19.7±6.2 18 hc 23.7±6.0 Yes (159) 

 1 35 c 38±5 35 hc 36±5 Not 

reporte

d 

(87) 

 1 63 c 40±10 40 hc 38±5 No (52) 

 1 35 c 39.2±6.4 25 hc 40.7±6.2 No (44) 

LV Stroke volume 

(ml) 

      (37, 47) 

Mean 1 23 c 64.7±12.5 25 hc 69.6±6.9 No (90) 

 1 30 c 80.4±5.0 48 hc 94.5±4.9 No (93) 

 1 35 c 53.7±10.2 35 hc 52.9±8.2 No (139) 

LV Stroke volume 

Indices (ml) 

       

Mean 1 25 c 38±2 25 hc 42±2 No (46) 

LV Stroke work 

(kg cm) 

       

Median 1 95 c 4.2 (3.6-4.8) 54 hc 5.4 (4.2-6.6) Yes (178) 

LV Stroke Work 

Index (gg/cm2) 

       

Mean 1 95 c 60.3±10.3 54 hc 70.0±11.9 Yes (178) 

RV systolic 

function 

       

RV ejection 

fraction (RVEF) – 

(%) 

1 30 c 56.7±7.7 30 hc 50.45±8.4 Yes (19) 

 1 40 c 39.2±6.7 45 hc 49.6±6.8 Yes (161) 

< 35% 1 C 16/42 

(38.1%) 

   (73) 

Fractional Area 

Change (FAC) – 

1 70 w/o 47.5±7.2 25 hc 54.1±6.6 Yes (18) 



(%) 

 1 45 w/o 46±6 43 hc 52±6 Yes (169) 

 1 42 c 49.2±12.9 40 hc 48.8±8.8 No (23) 

 1 52 c 49.3±12.4 52 hc 42.9±9.3 No (158) 

 1 12 w DD 31.5±5.2 28 w/o 

DD 

33.5±3.4 No (156) 

<35% 1 C 4/115 (3.5%)    (103) 

TAPSE        

< 20mm 1 25 w 2/25 (8.0%)    (106) 

< 17 mm 2 C 12/220 

(5.4%) 

Hc 105 (0.0%)  (9, 100) 

< 16 mm 1 C 4/115 (3.5%)    (103) 

< 15 mm 1 w/o 0/37 (0.0%) Hc 0/37 (0.0%)  (74) 

Mean±SD 1 20 c 23.1±3.5 20 HC 26.5±1.9 Yes (20) 

 1 50 c 20.4±4.3 44 hc 24.4±3.6 Yes (85) 

 1 26 c 23.3±1.6 24 hc 25.8±2.8 Yes (126) 

 1 40 c 21.1±3.2 40 hc 24.3±3.4 Yes (156) 

 1 111 c 22.2±3.2 21 hc 24.1±2.4 Yes (21) 

 1 45 c 23±3 43 hc 26±2 Yes (169) 

 1 70 c 21.1±2.6 25 hc 23.6±1.6 Yes (18) 

 1 42 c 24.7±3.9 40 hc 22.1±3.3 Yes (23) 

 1 47 c 21.0±3.9 36 hc 21.0±4.6 No (11) 

 1 52 c 22.2±4.3 52 hc 23.0±3.6 No (158) 

 1 23 c 19.1±3.5 25 hc 20.1±2.6 No (90) 

 1 46 w DD 

 

20±6 195 

w/o 

DD 

65 HC 

24±5 

 

 

25±4 

Yes 

 

 

Yes 

(110) 

 1 12 w DD 21.1±2.8 28 w/o 

DD 

21.0±3.5 No (156) 

Systolic 

Pulmonary 

Arterial Pressure 

(mmHg) 

      (13, 15, 64, 

83, 86, 104, 

106, 111, 

151, 170, 

180) 

>35 mmHg 8 C + W/o 150/674 

(22.3%) 

Hc 1/202 (0.5%) 

(9, 123, 142) 

 (9, 90, 100, 

104, 123, 

142, 170, 

181) 

>40 mmHg 6 C + W/o 

+ w 

240/7504 

(3.2%) 

Hc  0/78 (0.0%) 

(74, 95, 140) 

 (74, 86, 95, 

101, 102, 

127) 

>45 mmHg 1 C 44/124 

(35.5%) 

   (151) 

>50 mmHg 1 C 6/115 (5.2%)    (103) 

Mean (SD) 1 104 c 28.9±8.7 37 hc 21.7±6.3 Yes (82) 

 1 50 c 32.3±17.1 44 hc 20.7±5.6 Yes (85) 



 1 45 c 25.4±8.7 20 hc 20.2±3.4 Yes (89) 

 1 23 c 43.2±9.8 25 hc 23.2±5.8 Yes (90) 

 1 40 c 24.2±5.7 40 hc 19.8±6.2 Yes (156) 

 1 40 w/o 35.2±5.8 45 hc 19.9±6.0 Yes (161) 

 1 17 w/o 33.1±6.0 15 hc 27.7±3.8 Yes (140) 

 1 51 w/o 25.0±4.8 20 hc 20.1±2.3 Yes (168) 

 1 45 w/o 33±14 43 hc 22±5 Yes (169) 

 1 30 w/o 29.9±8.8 30 hc 22.9±9.8 Yes (19) 

 1 72 c 40.9±16.4 64 hc 30.1±2.5 Yes (142) 

 1 100 w/o 33.3±0.6 26 hc 30.8±1.0 No (95) 

 1 42 c 24.1±8 42 hc 21±7 No (84) 

 1 35 c 24.0±23.3 35 hc 23.3±6.4 No (138) 

 1 70 w/o 26.2±5.7 25 hc 25.8±2.9 No (18) 

 1 72 w/o 26.6±7.5 30 hc 25.5±2.8 No (171) 

 1 42 w/o 30.3±5.4 20 hc 27.6±3.8  No 

P=0.078 

(73) 

 1 35 w DD 33±11 118 

w/o 

DD 

31±15 No (91) 

 1 25 w DD 35±17 25 w/o 

DD 

25±7 Yes (173) 

 1 202 AA 39.3±17.2 200 

non-

AA 

32.8±14.2 Yes (112) 

Median 1 31 c 26 (20-36) 41 hc 20 (18-24) Yes (128) 

 1 31 w/o 36.5 (31-

44.5) 

32 hc 26 (22-29) Yes (92) 

 1 37 w 30 (20-51) 37 hc 20 (14-28) Yes (74) 

 1 103 w/o 27 (22-35) 103 hc 23 (10-27) Yes (175) 

Right ventricle 

systolic pressure 

(mmHg) 

      (98) 

Mean±SD 1 14 c 25±4.3    (115) 

 1 42 w/o 33.5±8,7 40 hc 28.8±4.4 Yes (23) 

 1 17 c 34.4±7.1 17 hc 35.3±6.0 No (108) 

 1  34.3±5.9  31.2±2.3 No (141) 

        

Median (IQR) 1 14 c 25 (19-35)    (115) 

 1 95 c 28.6 (23.5-

33.1) 

54 hc 13.4 (11.8-

14.6) 

Yes (178) 

RV/RA gradient 

(mmHg) 

       

Mean±SD 1 110 c 28±11 105 hc 23±4 Yes (9) 

Mean Pulmonary 

Arterial Pressure 

(mmHg) 

       

 1 30 c 17.8±6.3 30 hc 14.4±6.9 No (19) 



(p=0.05

4) 

Pulmonary 

Acceleration 

Time (m/s) 

       

 1 26 c 119±11 24 c 142±13 Yes (126) 

 1 110 c 105±32 105 hc 114±35 Not 

reporte

d 

(9) 

 1 10 w/o 

ILD 

125±30 24 w 

ILD 

21 hc 

105±30 

 

135±15 

No 

 

No 

(136) 

<90 1 W 4/37 (10.8%) Hc 0/37 (0.0%) Yes (74) 

Isovolumetric 

Acceleration 

(m/s2) 

       

 1 22 c 2.3±0.4 22 hc 4.1±0.8 Yes (176) 

Pulmonary 

Ejection time 

(ms) 

       

 1 17 c 360 (320-

388) 

23 hc 340 (320-

350) 

Yes (167) 

RV diastolic 

dysfunction 

       

Tricuspid E (cm/s)        

Mean±SD 1 111 c 52.2±11.4 21 hc 58.8±11.2 Yes (21) 

 1 70 c 47.5±9.2 25 hc 54.3±8.9 Yes (18) 

 1 63 c 56±10 40 c 60±10 No (52) 

 1 77 c 41.4±14.1 36 hc 45.1±8.5 No (182) 

 1 23 c 49±2 25 hc 55±1 No (90) 

Median (IQR) 1 42 w/o 55.9 (46.9-

59.6) 

40 hc 56.8 (53.9-

62.4) 

Yes (23) 

Tricuspid A (cm/s)        

Mean±SD 1 63 c 54±20 40 hc 43±10 Yes (52) 

 1 111 c 50.5±13.5 21 hc 46.4±10.4 No (21) 

 1 77 c 37.9±15.2 36 hc 36.5±9.7 No (182) 

 1 70 c 39.5±8.8 25 hc 39.0±5.6 No (18) 

 1 23 c 47±0.9 25 hc 46±2 No (90) 

Median (IQR) 1 42 w/o 38 (353.1-

39.8) 

40 hc 44.2 (41.5-

49.5) 

Yes (23) 

Tricuspid E/A        

Mean±SD 1 111 c 1.05±0.24 21 hc 1.3±0.3 Yes (21) 

 1 20 c 1.08±0.48 15 hc 1.5±0.6 Yes (22) 

 1 30 w/o 1.01±1.3 30 hc 1.19±0.89 Yes (19) 

 1 63 c 1.04±0.3 40 hc 1.36±0.4 Yes (52) 

 1 77 c 1.2±0.4 36 hc 1.2±0.2 No (182) 

 1 52 w/o 1.2±0.4 52 hc 1.4±0.4 No (158) 



Median (IQR) 1 42 w/o 1.4 (1.3-1.7) 40 hc 1.30 (1.14-

1.38) 

Yes (23) 

Tricuspid E’        

Mean±SD 1 111 c 12.0±3.6 21 hc 12.7±2.7 No (21) 

 1 31 w/o 11.7 (9.7-

14.6) 

32 hc 13.7 (12.3-

15) 

Yes (92) 

 1 70 c 9.5±2.3 25 hc 11.7±2.8 Yes (18) 

Tricuspid E/E’ 
(cm/s) 

       

Mean±SD 1 111 c 4.8±1.8 21 hc 4.7±0.8 No (21) 

 1 70 c 5.3±1.5 25 hc 4.9±1.4 No (18) 

 1 52 w/o 3.9±1.9 52 hc 9.0±5.0 Yes (158) 

Median (IQR) 1 31 w/o 4.3 (3.3-5.2) 32 hc 3.4 (2.9-3.9) Yes (92) 

 1 95 W/o 4.8 (3.8-5.9) 54 hc 4.15 (3.4-4.8) Yes (178) 

 1 42 w/o 5.20 (4.19-

6.35) 

40 hc 4.60 (4.10-

4.90) 

Yes (23) 

RV Tei Index        

Mean±SD 1 111 c 0.38±0.08 21 hc 0.29±0.02 Yes (21) 

Median (IQR) 1 42 w/o 0.40 (0.30-

0.43) 

40 hc 0.30 (0.30-

0.40) 

No 

(p=0.09) 

(23) 

LV diastolic 

dysfunction 

      (103, 173) 

Present 1 C 35/153 

(22.9%) 

   (91) 

 1 C 47/110 

(42.7%) 

   (100) 

Mitral E/A <1 1 C 10/19 

(52.6%) 

   (96) 

 1 C 4/30 (13.3%)    (134) 

 1 C 16/35 (46.0 

%) 

hc 5/35 (14.0%) Yes (139) 

 1 W 17/37 

(45.9%) 

Hc 15/37 

(40.5%) 

No (74) 

 1 C 7/25 (28%) Hc 2/25 (8%) No 

(p=0.06) 

(181) 

Mitral E/A       (13, 165, 

166, 174) 

Mean 1 14 c 1.03±0.3    (115) 

 1 120 c 1.0±0.4    (113) 

 1 570 c 1.1±0.4    (154) 

 1 243 c 1.13±0.36    (104) 

 1 42 c 1.1±0.4 42 hc 1.3±0.4 No (84) 

 1 124 c 1.14±0.46 41 hc 1.26±0.20 No (151) 

 1 17 c 1.01±0.39 17 hc 0.75±0.23 No (108) 

 1 35 c 1.1±0.4 35 hc 1.2±0.3 No (164) 

 1 35 c 1.3±0.4 35 hc 1.3±0.4 No (87) 

 1 24 w/o 1.1±0.3 24 hc 1.2±0.2 No (130) 



 1 23 c 1.04±0.4 25 hc 1.2±0.8 No (90) 

 1 27 c 1.04±0.24 26 hc 1.29±0.61 No (163) 

 1 17 w/o 1.18±0.3 15 hc 1.21±0.5 No (140) 

 1 110 c 1.1±0.3 105 hc 1.1±0.3 No (9) 

 1 35 c 1.18±0.38 35 hc 1.13±0.27 No (138) 

 1 30 w/o 1.28±0.52 30 hc 1.39±1.29 No (19) 

 1 52 w/o 1.2±0.4 52 hc 1.1±0.4 No (158) 

 1 27 c 1.05±0.3 27 hc 0.90±0.02 No (138) 

 1 42 w/o 1.02±0.6 20 hc 1.24±0.51 No 

(p=0.07) 

(73) 

 1 72 w/o 1.08±0.3 30 hc 1.37±0.3 Yes (171) 

 1 20 w/o 1.02±0.42 15 hc 1.48±0.26 Yes (22) 

 1 100 w/o 1.0±0.3 26 hc 1.2±0.6 Yes (95) 

 1 30 c 1.09±.01 48 hc 1.33±0.06 Yes (94) 

 1 18 c 1.36±0.49 10 hc 1.75±0.53 Yes (45) 

 1 77 c 1.2±0.5 36 hc 1.5±0.1 Yes (182) 

 1 35 w/o 1.03±0.42 25 hc 1.44±0.28 Yes (44) 

 1 50 w/o 1.04±0.4 25 hc 1.45±0.2 Yes (155) 

 1 45 c 0.89±0.16 20 hc 1.04±0.21 Yes (89) 

 1 41 c 0.87±0.2 30 hc 1.38±0.5 Yes (170) 

 1  20 c 1.10±0.04 20 hc 1.34±0.19 Yes (20) 

 1 26 c 0.94±0.37 24 hc 1.18±0.34 Yes (126) 

 1 50 c 1.2±0.9 31 hc 1.35±0.1 Yes (123) 

 1 63 c 1.02±0.3 40 hc 1.37±0.4 Yes (52) 

 1 111 c 0.98±0.3 21 hc 1.21±0.28 Yes (21) 

 1 15 c 1.23±0.37 18 hc 1.72±0.31 Yes (145) 

 1 11 w 

CVE 

0.8±0.3 22 w/o 

CVE 

0.9±0.3 No (64) 

Median 1 14 c 1 (0.7-1.8)    (115) 

 1 33 w/o 1.2 (0.9-1.4) 16 hc 1.2 (0.9-1.6) No (16) 

 1 31 w/o 1 (0.8-1.2) 32 hc 1.1 (0.9-1.4) No (92) 

 1 47 w/o 0.88 (0.72-

1.35) 

36 hc 1.16 (0.i87-

1.36) 

No (11) 

 1 103 w/o 1.03 (0.83-

1.30) 

103 hc 1.05 (0.87-

1.27) 

 (175) 

Mitral E (cm/s)        

Mean 1 570 w/o 75±19    (154) 

 1 24 c 59.2±15.7 24 hc 65.3±8 Yes (77) 

 1 20 c 78±13 20 hc 85±17 Yes (20) 

 1 18 c 88.5±17.8 18 hc 75.9±17.1 Yes (45) 

 1 35 c 70±30 35 hc 60±20 No 

(p=0.06) 

(164) 

 1 35 w/o 69±22 25 hc 80±21 No 

(p=0.07) 

(44) 

 1 27 c 74±14 26 hc 79±19 No (163) 

 1 77 c 65.7±17.0 36 c 70.0±8.5 No (182) 

 1 50 w/o 71±20 25 hc 80±21 No (155) 



 1 23 c 68±9 25 hc 70±20 No (90) 

 1 111 c 73.2±17.0 21 hc 87.4±14.3 No (21) 

 1 24 w/o 76.4±15.8 24 hc 78.2±9.2 No (130) 

 1 50 c 81.1±15.8 31 hc 85.2±18.2 No (123) 

 1 124 c 66.6±12.3 41 hc 70.2±10.2 No (151) 

 1 26 c 67±14 24 hc 73±15 No (126) 

 1 63 c 78±20 40 hc 82±20 No (52) 

Median 1 47 w/o 78 (70-87) 36 hc 85 (70-95) No (11) 

Mitral A (cm/s)        

Mean 1 570 c 73±21    (154) 

 1 35 w/o 70±12 25 hc 57±13 Yes (44) 

 1 77 c 57.5±17.4 36 hc 46.6±8.8 Yes (182) 

 1 24 c 56.2±19.9 24 hc 36.7±4.9 Yes (77) 

 1 35 c 70±20 35 hc 50±10 Yes (164) 

 1 124 c 64.5±18.7 41 hc 55.9±14.2 Yes (151) 

 1 20 c 73±11 20 hc 63±39 Yes (20) 

 1 50 c 70.2±16.2 31 hc 63.8±7.8 Yes (123) 

 1 63 c 81±39 40 hc 61±10 Yes (52) 

 1 111 c 76.9±18.6 21 hc 66.5±16.2 Yes (21) 

 1 50 w/o 72±16 25 hc 57±16 Yes (155) 

 1 24 w/o 74.2±16.3 24 hc 65.4±13.9 No 

(p=0.09) 

(130) 

 1 26 c 76±15 24 hc 65±16 No 

(p=0.09) 

(126) 

 1 27 c 71±13 26 hc 67±20 No (163) 

 1 23 c 65±6 25 hc 62±10 No (90) 

 1 18 c 55.2±5.3 10 hc 59.4±16.1 No (45) 

Median 1 47 w/o 80 (63-93) 36 hc 71 (64-83) No (11) 

Mitral e’        

Median 1 42 w/o 10.8 (8.2-

14.2) 

40 hc 12.1 (10.5-

12.7) 

No (23) 

Mitral E’ (cm/s)        

< 10 1 c 75/234 

(32%) 

   (104) 

Mean 1 234 c 11.2±2.8    (104) 

 1 35 c 10.6±4.2 35 hc 8.8±2.2 Yes (164) 

 1 72 w7o 10.9±1.4 30 hc 9.8±2.8 Yes (171) 

Median 1 31 w/o 9.04 (7.2-

11.6) 

32 hc 7.37 (6.2-

7.99) 

Yes (92) 

Mitral a’        

Median 1 42 w/o 13.2 (11.9-

15.8) 

40 hc 9.4 (8.7-10.1) No (23) 

Mitral A’ (cm/s)        

Mean 1 35 c 8.8±2.6 35 hc 7.6±1.8 Yes (164) 

Mitral e’/a’        

Median 1 42 w/o 0.7 (0.5-1.0) 40 hc 1.1 (0.9-1.3) No (23) 

Mitral E/E’        



Mean 1 35 c 7.2±2.1 35 hc 7.3±2.3 No (164) 

 1 111 c 7.55±2.85 21 hc 6.9±2.3 No (21) 

 1 110 c 9.8±3.9 105 hc 8.7±3.4 Yes (9) 

 1 42 c 7.6±2.4 42 hc 6.5±1.5 Yes (84) 

 1 72 w/o 9.3±2.8 30 hc 7.4±1.4 Yes (171) 

 1 52 c 6.6±2.6 52 hc 7.8±2.5 Yes (158) 

 1 11 w 

CVE 

9.2±3.3 22 w/o 

CVE 

9.3±7.9 No (64) 

Median 1 103 w/o 8.8 (7.1-

10.4) 

103 hc 9.0 (7.6-10.9) No (175) 

 1 47 w/o 9 (7.1-11) 36 hc 8.9 (7.1-9.6) No (11) 

Mitral s’        

Median 1 42 w/o 12.9 (11.5-

15.7) 

40 hc 12.0 (11.3-

12.7) 

No (23) 

Mitral S’        

Mean 1 35 c 7.5±2.1 35 hc 6.9±1.3 No (164) 

Median 1 31 w/o 7.7 (6.7-7.5) 32 hc 9.3 (8.1-10.5) Yes (92) 

LV Tei Index 1 111 c 0.46±0.09 21 hc 0.39±0.06 Yes (21) 

Isovolumetric 

relaxation time 

(IVRT) – ms 

      (23, 183) 

Mean 1 20 c 35.4±12.7  20 hc 19.2±6.3 Yes (20) 

 1 77 c 78.5±1.4 36 hc 59.3±0.9 Yes (182) 

 1 111 c 73.2±12.0 21 hc 64.3±7.8 Yes (21) 

 1 27 c 97.6±13.1 26 hc 91.2±5.3 Yes (163) 

 1 77 c 77.7±14.4 45 hc 60.0±6.4 Yes (166) 

 1 22 c 62.4±34.6 22 hc 11.7±18.2 Yes (176) 

 1 23 c 80±11 25 hc 78.5±9.7 No (90) 

 1 35 c 61±14 35 hc 66±15 No (87) 

 1 40 w/o 63.2±11.2 46 hc 65.4±9.0 No (161) 

 1 110 c 84±19 105 hc 85±15 No (9) 

 1 35 c 98.8±13.8 35 hc 97.6±15.5 No (138) 

 1 27 c 111±20 17 hc 110±21 No (10) 

Median 1 33 c 87 (78-95) 16 hc 87 (82-97) No (16) 

Pulmonary 

Vascular 

Resistances (WU) 

       

Median 1 103 c 1.5 (1.2-1.8) 103 hc 1.1 (0.9-1.4)  Yes (175) 

  42 c 1.56 (1.28-

1.99) 

40 hc 1.10 (0.99-

1.30) 

Yes (23) 

Pericardium 

Alteration 

       

Non specified – 

Present 

5 C 58/487 

(11.9%) 

 1/50 (2.0%) 

(165) 

 (42, 65, 75, 

87, 157) 

Pericardial 

Thickening 

       

Present 1 W 2/10 (20.0%)    (50) 



≥7mm 1 C 14/80 

(17.5%) 

   (159) 

Pericardial 

effusion 

20 C 135/1363 

(9.9%) 

 2/446 (0.4%) 

(9, 45, 46, 

51, 52, 74, 

95, 123, 136, 

142) 

 (9, 43, 45-

47, 51, 52, 

54, 56, 100, 

101, 103, 

104, 142, 

149, 151, 

159, 165, 

174, 177) 

 6 w/o 27/300 

(9.0%) 

  (38, 86, 95, 

136, 150, 

181) 

 4 W 35/128 

(27.3%) 

  (40, 50, 74, 

160) 

Tamponade 1 W 4/23 (17.4%)    (160) 

Inferior Vena 

Cava 

       

Diameter (mm) 1 17 c 14.5 (12.3-

17) 

22 hc 14 (10-17) No (167) 

 1 70 w/o 14.0±3.8 25 hc 14.8±4.7 No (18) 

 1 25 c 15.7±3.0 25 hc 14.0±3.9 No (181) 

 1 23 c 16±3 25 hc 15±3 No (90) 

 1 42 w/o 15.0 (11.3-

17.0) 

40 hc 11.9 (10.2-

15.6) 

Yes (23) 

Respiratory 

variation (%) 

1 17 c 65 (59-68.5) 22 hc 100 (66.8-

100) 

Yes (167) 

 1 70 c 55.5±11.5 25 hc 55.0±13.4 No (18) 

Strain Echo        

Peak Myocardial 

systolic velocity 

on STRAIN Echo 

(cm/s) 

1 22 c 11.6±2.3 22 hc 13.9±2.7 Yes(176)  

 1 35 c 5.3±0.7 35 hc 5.6±0.6 No (139) 

Peak systolic 

velocity on 

STRAIN Echo 

(cm/s) 

1 27 w/o 10.7±1.8 17 hc 11.4±1.4 No (10) 

Tricuspid anular 

peak systolic 

velocity (cm/s) 

1 103 c 6.4±1.8 103 hc 6.9±1.7 No (175) 

Peak systolic 

Strain Rate (/s) 

1 18 c 2.1 (1.3-3.1)    (83) 

 1 17 w/o 1.7±0.5 15 hc 3.8±1.7 Yes (140) 

Global 1 45 c 1.1±0.1 20 hc 0.9±0.2 Yes (89) 

 1 35 w/o -1.3±0.1 35 hc -1.6±0.1 Yes (139) 

RV 1 17 c -5.5 (-6.4- 23 hc -1.8 (-3.9 - Yes (167) 



2.6) 1.4) 

 1 27 c -2.9±0.6 26 hc -3.2±0.7 No (163) 

Basal IVS 1 17 c -1.0 (-1.6-

0.7) 

15 hc -1.1 (-1.6-

0.8) 

No (167) 

Peak diastolic 

Strain Rate (/s) 

1 18 c 2.6 (1.4-6.7)    (83) 

 1 17 w/o 3.7±1.5 15 hc 5.6±1.2 Yes (140) 

Early diastolic 

Strain Rate (/s) 

1 95 w/o 1.5 (1.2-1.7) 54 hc 1.5 (1.3-1.8) No (178) 

Basal IVS 

longitudinal 

strain (%) 

1 17 c -18.6 (-27.9-

6.0) 

15 c -17.1 (-20.6-

3.6) 

No (167) 

Free wall RV 

longitudinal 

strain (%) 

1 45 w/o -30±5 43 hc -31.3±4 No (169) 

 1 17 c -25.2 (-53.7 -

6.8) 

23 hc -28.6 (-43.3-

21-2) 

No (167) 

 1 46 w DD -20±7 195 

w/o 

DD 

-25±5 Yes (110) 

Positive peak LA 

longitudinal 

strain (%) 

1 42 c 18.4±4 42 hc 21.4±7.6 Yes (84) 

Negative peak LA 

longitudinal 

strain (%) 

1 42 c 31.3±4.2 42 hc 35.0±7.6 Yes (84) 

Global 

Longitudinal 

strain (%) 

1 234 c 

baseline 

-20.9±2.0 234 c 

f/u 

-19.3±2.5 Yes (104) 

 1 45 c -13.6±2.7 20 hc -12.2±2.9 No (89) 

 1 35 W/o -19.5±2.3 35 hc -26.1±2.4 Yes (139) 

 1 95 w/o -20.4±2 54 hc -21.5±1.9 Yes (178) 

LV 1 104 w/o -18.2±1.8 37 hc -21.3±1.7 Yes (82) 

 1 25 w/o -17.4±1.6 25 hc -19.2±8.8 Yes (181) 

 1 52 w/o -19.2±4.4 52 hc -21.1±2.5 Yes (158) 

 1 72 w/o -19.3±1.5 30 hc -17.2±2.3 Yes (171) 

 1 33 w/o -18.6±1.6 20 hc -21.1±1.2 Yes (8) 

 1 47 w/o -17.5±5.7 36 hc -20.6±2.7 Yes (11) 

 1 27 c -19.8±3.0 26 hc -23.4±2.8 Yes (163) 

 1 40 c -20.5±3.4 40 hc -20.9±2.7 No (156) 

RV 1 25 w/o -20.3±5.4 25 hc -24.9±3.6 Yes (181) 

 1 52 w/o -18.2±9.1 52 hc -22.2±7.1 Yes (158) 

 1 45 w/o -24.8±4 43 hc -25.6±3 No (169) 

 1 47 w/o -17.5±4.2 36 hc -18.9±3.9 No (11) 

 1 27 c -28.2±6.8 26 hc -30.7±6.4 No (163) 

Global 

Circumferential 

       



Strain (%) 

LV 1 104 w/o -18.2±2.3 37 hc -21.3±2.1 Yes (82) 

 1 33 w/o -18.7±1.7 20 hc -20.7±1.4 Yes (8) 

 1 47 w/o -18.2±3.2 36 hc -19.8±2.7 Yes (11) 

 1 95 w/o -22.7 (-25-

21.2) 

54 hc -25.3 (-28.3-

23.3) 

Yes (178) 

 1 40 c -17.5±5.5 40 hc -18.8±4.8 No (156) 

Global radial 

strain (%) 

       

LV 1 104 w/o 37.0±13.9 37 hc 40.3±12.4 No (82) 

 1 40 c 39.4±18.6 40 hc 42.2±13.1 No (156) 

Coronary flow 

reserve 

       

≥ 2.00 1 w/o 24/44 

(54.5%) 

   (150) 

 1 C 14/29 

(48.3%) 

   (146) 

Mean 1 29 c 1.93±0.56 11 hc 1.81±0.56 Yes (146) 

 



 

Supplement Table 8. Data extracted during through the systematic literature review, regarding 

the “other tests” domain. 

Data reported from 16 publications, including 443 patients (18, 38, 39, 46, 59, 66, 101, 106, 108, 

115, 138, 145, 157, 172, 176) and 146 controls (46, 108, 138, 145, 172, 176). 

c=consecutive, w=with cardiac involvement or cardiac symptoms; w/o= no symptoms or known 

cardiac involvement) are reported. Data are also highlighted in gray if a control group was 

present, in green if the comparison was statistically significant and in blue if this was not. 

 

Test N°   

papers 

N° 

patients 

Value/pre

valence in 

patients 

N° 

control

s 

Value/preval

ence in 

controls 

Statistic

ally 

significa

nt 

differen

ce 

References 

Biopsy        

Endo-myocardial 2 41 Various degrees of myocardial fibrosis and 

inflammatory infiltrate, with increase in 

collagen and perivascular fibrosis. 

(106, 157) 

Pericardial 1 8 4 pts with fibrosis, 2 with granulomatous 

lesions, 2 with inflammation. 

(101) 

Six minutes walking 

test 

       

Six minutes walking 

distance (m) 

1 70 391±95    (18) 

Exercise Heart Rate 

Recovery (bpm) 

       

1 minutes after 

stress 

1 35 c 21.8±4.4 35 hc 27.7±4.3 Yes (138) 

2 minutes after 

stress 

1 35 c 43.8±6.3 35 hc 47.6±4.4 Yes (138) 

3 minutes after 

stress 

1 35 c 58.8±10.3 35 hc 63.6±7.3 Yes (138) 

Ventriculography        

With cold test 1 16 c     (109) 

Signal-averaged 

ECG 

       

Ventricular Late 

potentials 

1 W 11/24 

(45.8%) 

Hc 2/24 (8.3%) Yes (145) 

 



 

1. Varga J, Trojanowska M, Kuwana M. Pathogenesis of systemic sclerosis: recent insights of 

molecular and cellular mechanisms and therapeutic opportunities. Journal of Scleroderma and Related 

Disorders. 2017;2(3):137-52. 

2. Elhai M, Meune C, Boubaya M, Avouac J, Hachulla E, Balbir-Gurman A, et al. Mapping and 

predicting mortality from systemic sclerosis. Ann Rheum Dis. 2017;76(11):1897-905. 

3. Hao Y, Hudson M, Baron M, Carreira P, Stevens W, Rabusa C, et al. Early Mortality in a 

Multinational Systemic Sclerosis Inception Cohort. Arthritis Rheumatol. 2017;69(5):1067-77. 

4. Bissell LA, Anderson M, Burgess M, Chakravarty K, Coghlan G, Dumitru RB, et al. Consensus best 

practice pathway of the UK Systemic Sclerosis Study group: management of cardiac disease in systemic 

sclerosis. Rheumatology (Oxford). 2017;56(6):912-21. 

5. Bournia V-K, Tountas C, Protogerou AD, Panopoulos S, Mavrogeni S, Sfikakis PP. Update on 

assessment and management of primary cardiac involvement in systemic sclerosis. Journal of 

Scleroderma and Related Disorders. 2018;3(1):53-65. 

6. Bruni C, Ross L. Cardiac involvement in systemic sclerosis: Getting to the heart of the matter. 

Best Pract Res Clin Rheumatol. 2021;35(3):101668. 

7. Bruni C, Buch MH, Furst DE, De Luca G, Djokovic A, Dumitru RB, et al. Primary systemic sclerosis 

heart involvement: A systematic literature review and preliminary data-driven, consensus-based 

WSF/HFA definition. Journal of Scleroderma and Related Disorders. 2022;7(1):24-32. 

8. Hromádka M, Seidlerová J, Suchý D, Rajdl D, Lhotský J, Ludvík J, et al. Myocardial fibrosis 

detected by magnetic resonance in systemic sclerosis patients - Relationship with biochemical and 

echocardiography parameters. Int J Cardiol. 2017;249:448-53. 

9. Nordin A, Svenungsson E, Bjornadal L, Elvin K, Larsson A, Jensen-Urstad K. Troponin I and 

echocardiography in patients with systemic sclerosis and matched population controls. Scand J 

Rheumatol. 2017;46(3):226-35. 

10. Karaahmet T, Tigen K, Gurel E, Takir M, Avci A, Cevik C, et al. Impact of systemic sclerosis on 

electromechanical characteristics of the heart. Heart Vessels. 2010;25(3):223-8. 

11. Karadag DT, Sahin T, Tekeoglu S, Isik OO, Yazici A, Eraldemir FC, et al. Evaluation of left and right 

ventricle by two-dimensional speckle tracking echocardiography in systemic sclerosis patients without 

overt cardiac disease. Clin Rheumatol. 2020;39(1):37-48. 

12. Markousis-Mavrogenis G, Bournia VK, Panopoulos S, Koutsogeorgopoulou L, Kanoupakis G, 

Apostolou D, et al. Cardiovascular Magnetic Resonance Identifies High-Risk Systemic Sclerosis Patients 

with Normal Echocardiograms and Provides Incremental Prognostic Value. Diagnostics (Basel). 

2019;9(4). 

13. Lee DC, Hinchcliff ME, Sarnari R, Stark MM, Lee J, Koloms K, et al. Diffuse cardiac fibrosis 

quantification in early systemic sclerosis by magnetic resonance imaging and correlation with skin 

fibrosis. J Scleroderma Relat Disord. 2018;3(2):159-69. 

14. Ntusi NA, Piechnik SK, Francis JM, Ferreira VM, Rai AB, Matthews PM, et al. Subclinical 

myocardial inflammation and diffuse fibrosis are common in systemic sclerosis--a clinical study using 

myocardial T1-mapping and extracellular volume quantification. J Cardiovasc Magn Reson. 2014;16:21. 

15. Barison A, Gargani L, De Marchi D, Aquaro GD, Guiducci S, Picano E, et al. Early myocardial and 

skeletal muscle interstitial remodelling in systemic sclerosis: insights from extracellular volume 

quantification using cardiovascular magnetic resonance. Eur Heart J Cardiovasc Imaging. 2015;16(1):74-

80. 

16. Thuny F, Lovric D, Schnell F, Bergerot C, Ernande L, Cottin V, et al. Quantification of myocardial 

extracellular volume fraction with cardiac MR imaging for early detection of left ventricle involvement in 

systemic sclerosis. Radiology. 2014;271(2):373-80. 



17. Gargani L, Todiere G, Guiducci S, Bruni C, Pingitore A, De Marchi D, et al. Early Detection of 

Cardiac Involvement in Systemic Sclerosis: The Added Value of Magnetic Resonance Imaging. JACC 

Cardiovasc Imaging. 2019;12(5):927-8. 

18. Nogradi A, Porpaczy A, Porcsa L, Minier T, Czirjak L, Komocsi A, et al. Relation of Right Atrial 

Mechanics to Functional Capacity in Patients With Systemic Sclerosis. Am J Cardiol. 2018;122(7):1249-

54. 

19. Dag S, Budulgan M, Dilek B, Batmaz I, Ariturk Z, Nas K, et al. Relation of asymmetric 

dimethylarginine and cardiac involvement in systemic sclerosis. Acta Reumatol Port. 2014;39(3):228-35. 

20. Ayman AA, Alashry SE. Tissue Doppler assessment of right ventricular function in female 

patients with limited form of systemic sclerosis. The Egyptian Heart Journal. 2013;65:191-7. 

21. Ciurzynski M, Bienias P, Irzyk K, Kostrubiec M, Szewczyk A, Demkow U, et al. Heart diastolic 

dysfunction in patients with systemic sclerosis. Arch Med Sci. 2014;10(3):445-54. 

22. Poanta L, Dadu R, Tiboc C, Rednic S, Dumitrascu D. Systolic and diastolic function in patients 

with systemic sclerosis. Eur J Intern Med. 2009;20(4):378-82. 

23. Neskovic JS, Ristic A, Petronijevic M, Zeljkovic A, Grdinic A, Gudelj O, et al. B-type Natriuretic 

Peptide as a Marker of Different Forms of Systemic Sclerosis. J Med Biochem. 2018;37(4):406-14. 

24. van Leeuwen NM, Boonstra M, Huizinga TWJ, Kaptein AA, de Vries-Bouwstra JK. Illness 

perceptions, risk perceptions and worries in patients with early systemic sclerosis: A focus group study. 

Musculoskeletal care. 2020;18(2):177-86. 

25. Coirier V, Lescoat A, Fournet M, Cazalets C, Coiffier G, Jouneau S, et al. [Screening for pulmonary 

arterial hypertension in patients with systemic sclerosis: Comparison of DETECT algorithm to decisions 

of a multidisciplinary team, in a competence centre]. Rev Med Interne. 2017;38(8):502-7. 

26. Galiè N, Humbert M, Vachiery JL, Gibbs S, Lang I, Torbicki A, et al. 2015 ESC/ERS Guidelines for 

the diagnosis and treatment of pulmonary hypertension: The Joint Task Force for the Diagnosis and 

Treatment of Pulmonary Hypertension of the European Society of Cardiology (ESC) and the European 

Respiratory Society (ERS): Endorsed by: Association for European Paediatric and Congenital Cardiology 

(AEPC), International Society for Heart and Lung Transplantation (ISHLT). Eur Heart J. 2016;37(1):67-119. 

27. Barsotti S, Stagnaro C, d'Ascanio A, Parma A, Emdin M, Conti U, et al. High sensitivity troponin 

might be a marker of subclinical scleroderma heart involvement: a preliminary study. Journal of 

Scleroderma and Related Disorders. 2017;2(3):183-7. 

28. Jha M, Wang M, Steele R, Baron M, Fritzler MJ, Hudson M. NT-proBNP, hs-cTnT, and CRP predict 

the risk of cardiopulmonary outcomes in systemic sclerosis: Findings from the Canadian Scleroderma 

Research Group. Journal of Scleroderma and Related Disorders.0(0):23971983211040608. 

29. Hughes M, Lilleker JB, Herrick AL, Chinoy H. Cardiac troponin testing in idiopathic inflammatory 

myopathies and systemic sclerosis-spectrum disorders: biomarkers to distinguish between primary 

cardiac involvement and low-grade skeletal muscle disease activity. Ann Rheum Dis. 2015;74(5):795-8. 

30. Coghlan JG, Denton CP, Grünig E, Bonderman D, Distler O, Khanna D, et al. Evidence-based 

detection of pulmonary arterial hypertension in systemic sclerosis: the DETECT study. Ann Rheum Dis. 

2014;73(7):1340-9. 

31. Mavrogeni S, Gargani L, Pepe A, Monti L, Markousis-Mavrogenis G, De Santis M, et al. Cardiac 

magnetic resonance predicts ventricular arrhythmias in scleroderma: the Scleroderma Arrhythmia 

Clinical Utility Study (SAnCtUS). Rheumatology (Oxford). 2020;59(8):1938-48. 

32. Dumitru RB, Bissell LA, Erhayiem B, Kidambi A, Dumitru AH, Fent G, et al. Cardiovascular 

outcomes in systemic sclerosis with abnormal cardiovascular MRI and serum cardiac biomarkers. RMD 

Open. 2021;7(3). 

33. Dumitru RB, Bissell LA, Erhayiem B, Fent G, Kidambi A, Swoboda P, et al. Predictors of subclinical 

systemic sclerosis primary heart involvement characterised by microvasculopathy and myocardial 

fibrosis. Rheumatology (Oxford). 2021;60(6):2934-45. 



34. Follansbee WP, Curtiss EI, Medsger TA, Jr., Steen VD, Uretsky BF, Owens GR, et al. Physiologic 

abnormalities of cardiac function in progressive systemic sclerosis with diffuse scleroderma. N Engl J 

Med. 1984;310(3):142-8. 

35. Oram S, Stokes W. The heart in scleroderma. Br Heart J. 1961;23:243-59. 

36. Kobayashi H, Yokoe I, Hirano M, Nakamura T, Nakajima Y, Fontaine KR, et al. Cardiac magnetic 

resonance imaging with pharmacological stress perfusion and delayed enhancement in asymptomatic 

patients with systemic sclerosis. J Rheumatol. 2009;36(1):106-12. 

37. Di Cesare E, Battisti S, Di Sibio A, Cipriani P, Giacomelli R, Liakouli V, et al. Early assessment of 

sub-clinical cardiac involvement in systemic sclerosis (SSc) using delayed enhancement cardiac magnetic 

resonance (CE-MRI). Eur J Radiol. 2013;82(6):e268-73. 

38. Arakkal G, Chintagunta SR, Chandika V, Damarla SV, Manchala S, Kumar BU. Cardio-pulmonary 

involvement in systemic sclerosis: A study at a tertiary care center. Indian J Dermatol Venereol Leprol. 

2017;83(6):677-82. 

39. Giacomelli R, Di Cesare E, Cipriani P, Ruscitti P, Di Sibio A, Liakouli V, et al. Pharmacological 

stress, rest perfusion and delayed enhancement cardiac magnetic resonance identifies very early cardiac 

involvement in systemic sclerosis patients of recent onset. Int J Rheum Dis. 2017;20(9):1247-60. 

40. Poormoghim H, Poorkarim MA, Lakeh MM, Heshmati BN, Almasi S, Hakim M. Preliminary study 

of cardiovascular manifestations and cardiac severity scale in 58 patients with systemic sclerosis in iran 

using the medsger scale. J Tehran Heart Cent. 2010;5(1):14-8. 

41. Mavrogeni SI, Bratis K, Karabela G, Spiliotis G, Wijk K, Hautemann D, et al. Cardiovascular 

Magnetic Resonance Imaging clarifies cardiac pathophysiology in early, asymptomatic diffuse systemic 

sclerosis. Inflamm Allergy Drug Targets. 2015;14(1):29-36. 

42. Kahan A, Devaux JY, Amor B, Menkes CJ, Weber S, Foult JM, et al. Pharmacodynamic effect of 

dipyridamole on thallium-201 myocardial perfusion in progressive systemic sclerosis with diffuse 

scleroderma. Ann Rheum Dis. 1986;45(9):718-25. 

43. Kahan A, Devaux JY, Amor B, Menkès CJ, Weber S, Nitenberg A, et al. Nifedipine and thallium-

201 myocardial perfusion in progressive systemic sclerosis. N Engl J Med. 1986;314(22):1397-402. 

44. Ferri C, Di Bello V, Martini A, Giorgi D, Storino FA, Bianchi M, et al. Heart involvement in 

systemic sclerosis: an ultrasonic tissue characterisation study. Ann Rheum Dis. 1998;57(5):296-302. 

45. Handa R, Gupta K, Malhotra A, Jain P, Kamath PK, Aggarwal P, et al. Cardiac involvement in 

limited systemic sclerosis: non-invasive assessment in asymptomatic patients. Clin Rheumatol. 

1999;18(2):136-9. 

46. Gaffney FA, Anderson RJ, Nixon JV, Blomqvist CG. Cardiovascular function in patients with 

progressive systemic sclerosis (scleroderma). Clin Cardiol. 1982;5(11):569-76. 

47. Montanes P, Lawless C, Black C, Oakley CM, Hughes G. The heart in scleroderma: noninvasive 

assessment. Clin Cardiol. 1982;5(6):383-7. 

48. Alexander EL, Firestein GS, Weiss JL, Heuser RR, Leitl G, Wagner HN, Jr., et al. Reversible cold-

induced abnormalities in myocardial perfusion and function in systemic sclerosis. Ann Intern Med. 

1986;105(5):661-8. 

49. Clements PJ, Lachenbruch PA, Furst DE, Paulus HE, Sterz MG. Cardiac score. A semiquantitative 

measure of cardiac involvement that improves prediction of prognosis in systemic sclerosis. Arthritis 

Rheum. 1991;34(11):1371-80. 

50. Siegel RJ, O'Connor B, Mena I, Criley JM. Left ventricular function at rest and during Raynaud's 

phenomenon in patients with scleroderma. Am Heart J. 1984;108(6):1469-76. 

51. Jinnin M, Ihn H, Asano Y, Yamane K, Yazawa N, Tamaki K. Retrospective study of clinical and 

laboratory features in Japanese scleroderma patients with cardiac involvement. J Dermatol Sci. 

2009;55(1):70-2. 



52. Candell-Riera J, Armadans-Gil L, Simeon CP, Castell-Conesa J, Fonollosa-Pla V, Garcia-del-Castillo 

H, et al. Comprehensive noninvasive assessment of cardiac involvement in limited systemic sclerosis. 

Arthritis Rheum. 1996;39(7):1138-45. 

53. Kostis JB, Seibold JR, Turkevich D, Masi AT, Grau RG, Medsger TA, Jr., et al. Prognostic 

importance of cardiac arrhythmias in systemic sclerosis. The American journal of medicine. 

1988;84(6):1007-15. 

54. Ferri C, Bernini L, Bongiorni MG, Levorato D, Viegi G, Bravi P, et al. Noninvasive evaluation of 

cardiac dysrhythmias, and their relationship with multisystemic symptoms, in progressive systemic 

sclerosis patients. Arthritis Rheum. 1985;28(11):1259-66. 

55. Foocharoen C, Pussadhamma B, Mahakkanukrauh A, Suwannaroj S, Nanagara R. Asymptomatic 

cardiac involvement in Thai systemic sclerosis: prevalence and clinical correlations with non-cardiac 

manifestations (preliminary report). Rheumatology (Oxford). 2015;54(9):1616-21. 

56. Muresan L, Oancea I, Mada RO, Petcu A, Pamfil C, Muresan C, et al. Relationship Between 

Ventricular Arrhythmias, Conduction Disorders, and Myocardial Fibrosis in Patients With Systemic 

Sclerosis. J Clin Rheumatol. 2018;24(1):25-33. 

57. Rokas S, Mavrikakis M, Agrios N, Mylonas D, Antoniadou L, Moulopoulos S. Electrophysiologic 

abnormalities of cardiac function in progressive systemic sclerosis. J Electrocardiol. 1996;29(1):17-25. 

58. Bielous-Wilk A, Poreba M, Staniszewska-Marszalek E, Poreba R, Podgorski M, Kalka D, et al. 

Electrocardiographic evaluation in patients with systemic scleroderma and without clinically evident 

heart disease. Ann Noninvasive Electrocardiol. 2009;14(3):251-7. 

59. Chighizola C, Meroni PL, Schreiber BE, Coghlan JG, Denton CP, Ong VH. Role of N-terminal pro-

brain natriuretic peptide in detecting clinically significant cardiac involvement in systemic sclerosis 

patients. Clin Exp Rheumatol. 2012;30(2 Suppl 71):S81-5. 

60. Derk CT, Jimenez SA. Acute myocardial infarction in systemic sclerosis patients: a case series. 

Clin Rheumatol. 2007;26(6):965-8. 

61. Steen VD, Follansbee WP, Conte CG, Medsger TA, Jr. Thallium perfusion defects predict 

subsequent cardiac dysfunction in patients with systemic sclerosis. Arthritis Rheum. 1996;39(4):677-81. 

62. Othman KM, Assaf NY, Farouk HM, Aly Hassan IM. Autonomic dysfunction predicts early cardiac 

affection in patients with systemic sclerosis. Clin Med Insights Arthritis Musculoskelet Disord. 2010;3:43-

54. 

63. Byers RJ, Marshall DA, Freemont AJ. Pericardial involvement in systemic sclerosis. Ann Rheum 

Dis. 1997;56(6):393-4. 

64. Iida H, Hanaoka H, Okada Y, Kiyokawa T, Takakuwa Y, Yamada H, et al. A low perfusion-

metabolic mismatch in (99m) Tl and (123) I-BMIPP scintigraphy predicts poor prognosis in systemic 

sclerosis patients with asymptomatic cardiac involvement. Int J Rheum Dis. 2019;22(6):1008-15. 

65. Kahan A, Devaux JY, Amor B, Menkès CJ, Weber S, Guérin F, et al. Pharmacodynamic effect of 

nicardipine on left ventricular function in systemic sclerosis. J Cardiovasc Pharmacol. 1990;15(2):249-53. 

66. Suzuki T, Ogasawara S, Ohsako-Higami S, Fukasawa C, Hara M, Kamatani N. Dipyridamole stress 

thallium perfusion scan for evaluating myocardial involvement in systemic sclerosis. Mod Rheumatol. 

2001;11(3):210-6. 

67. Duska F, Bradna P, Novak J, Kubicek J, Vizda J, Kafka P, et al. Pyrophosphate heart scan in 

patients with progressive systemic sclerosis. Br Heart J. 1982;47(1):90-3. 

68. Follansbee WP, Zerbe TR, Medsger TA, Jr. Cardiac and skeletal muscle disease in systemic 

sclerosis (scleroderma): a high risk association. Am Heart J. 1993;125(1):194-203. 

69. Nakajima K, Kawano M, Hasegawa M, Taki J, Fujimoto M, Takehara K, et al. Myocardial damages 

in systemic sclerosis detected by gated myocardial perfusion SPECT and sympathetic imaging. Circ J. 

2006;70(11):1481-7. 



70. Banci M, Rinaldi E, Ierardi M, Tiberio NS, Boccabella GL, Barbieri C, et al. 99mTc SESTAMIBI 

scintigraphic evaluation of skeletal muscle disease in patients with systemic sclerosis: diagnostic 

reliability and comparison with cardiac function and perfusion. Angiology. 1998;49(8):641-8. 

71. Geirsson AJ, Danielsen R, Pétursson E. Left ventricular myocardial perfusion and function in 

systemic sclerosis before and after diltiazem treatment. Scand J Rheumatol. 1996;25(5):317-20. 

72. Follansbee WP, Curtiss EI, Medsger TA, Jr., Owens GR, Steen VD, Rodnan GP. Myocardial 

function and perfusion in the CREST syndrome variant of progressive systemic sclerosis. Exercise 

radionuclide evaluation and comparison with diffuse scleroderma. The American journal of medicine. 

1984;77(3):489-96. 

73. Meune C, Allanore Y, Devaux JY, Dessault O, Duboc D, Weber S, et al. High prevalence of right 

ventricular systolic dysfunction in early systemic sclerosis. J Rheumatol. 2004;31(10):1941-5. 

74. Papagoras C, Achenbach K, Tsifetaki N, Tsiouris S, Fotopoulos A, Drosos AA. Heart involvement 

in systemic sclerosis: a combined echocardiographic and scintigraphic study. Clin Rheumatol. 

2014;33(8):1105-11. 

75. Fernandez-Codina A, Simeon-Aznar CP, Pinal-Fernandez I, Rodriguez-Palomares J, Pizzi MN, 

Hidalgo CE, et al. Cardiac involvement in systemic sclerosis: differences between clinical subsets and 

influence on survival. Rheumatol Int. 2017;37(1):75-84. 

76. Nakajima K, Taki J, Kawano M, Higuchi T, Sato S, Nishijima C, et al. Diastolic dysfunction in 

patients with systemic sclerosis detected by gated myocardial perfusion SPECT: an early sign of cardiac 

involvement. J Nucl Med. 2001;42(2):183-8. 

77. Valentini G, Vitale DF, Giunta A, Maione S, Gerundo G, Arnese M, et al. Diastolic abnormalities in 

systemic sclerosis: evidence for associated defective cardiac functional reserve. Ann Rheum Dis. 

1996;55(7):455-60. 

78. Gaal J, Hegedus I, Devenyi K, Czirjak L. Myocardial gallium-67 citrate scintigraphy in patients with 

systemic sclerosis. Ann Rheum Dis. 1995;54(10):856-8. 

79. Pace L, Capelli L, Bove E, Coppola N, Ciarmiello A, Sorrentino S, et al. Left ventricular diastolic 

function in systemic sclerosis: assessment by radionuclide angiography. J Nucl Med. 1992;33(1):68-72. 

80. Gurtner C, Werner RJ, Winten G, Krause BJ, Wendt T, Hor G, et al. Early diagnosis of cardiac 

involvement in systemic sclerosis by 123I-MIBG neurotransmiECHOr scintigraphy. Nucl Med Commun. 

1998;19(9):849-57. 

81. Allanore Y, Meune C. Primary myocardial involvement in systemic sclerosis: evidence for a 

microvascular origin. Clin Exp Rheumatol. 2010;28(5 Suppl 62):S48-53. 

82. Yiu KH, Schouffoer AA, Marsan NA, Ninaber MK, Stolk J, Vlieland TV, et al. Left ventricular 

dysfunction assessed by speckle-tracking strain analysis in patients with systemic sclerosis: relationship 

to functional capacity and ventricular arrhythmias. Arthritis Rheum. 2011;63(12):3969-78. 

83. Allanore Y, Meune C, Vignaux O, Weber S, Legmann P, Kahan A. Bosentan increases myocardial 

perfusion and function in systemic sclerosis: a magnetic resonance imaging and Tissue-Doppler 

echography study. J Rheumatol. 2006;33(12):2464-9. 

84. Agoston G, Gargani L, Miglioranza MH, Caputo M, Badano LP, Moreo A, et al. Left atrial 

dysfunction detected by speckle tracking in patients with systemic sclerosis. Cardiovasc Ultrasound. 

2014;12:30. 

85. Akkus O, Bozkurt A, Arslantas D, Kaypakli O, Sahin DY, Aktas H, et al. Is cystatin C an evaluative 

marker for right heart functions in systemic sclerosis? Int J Cardiol. 2016;221:478-83. 

86. Allanore Y, Wahbi K, Borderie D, Weber S, Kahan A, Meune C. N-terminal pro-brain natriuretic 

peptide in systemic sclerosis: a new cornerstone of cardiovascular assessment? Ann Rheum Dis. 

2009;68(12):1885-9. 

87. Armstrong GP, Whalley GA, Doughty RN, Gamble GD, Flett SM, Tan PL, et al. Left ventricular 

function in scleroderma. Br J Rheumatol. 1996;35(10):983-8. 



88. Barsotti S, Stagnaro C, D'Ascanio A, Parma A, Emdin M, Conti U, et al. Hgh sensitivity troponin 

might be a marker of subclinical scleroderma heart involvement: a preliminary study. J scleroderma relat 

disord. 2017;2(3):183-7. 

89. Cadeddu C, Deidda M, Giau G, Lilliu M, Cadeddu F, Binaghi G, et al. Contractile reserve in 

systemic sclerosis patients as a major predictor of global cardiac impairment and exercise tolerance. Int J 

Cardiovasc Imaging. 2015;31(3):529-36. 

90. D'Andrea A, Stisi S, Bellissimo S, Vigorito F, Scotto di Uccio F, Tozzi N, et al. Early impairment of 

myocardial function in systemic sclerosis: non-invasive assessment by Doppler myocardial and strain 

rate imaging. European journal of echocardiography : the journal of the Working Group on 

Echocardiography of the European Society of Cardiology. 2005;6(6):407-18. 

91. Hinchcliff M, Desai CS, Varga J, Shah SJ. Prevalence, prognosis, and factors associated with left 

ventricular diastolic dysfunction in systemic sclerosis. Clin Exp Rheumatol. 2012;30(2 Suppl 71):S30-7. 

92. Jurisic Z, Martinovic-Kaliterna D, Marasovic-Krstulovic D, Perkovic D, Tandara L, Salamunic I, et 

al. Relationship between interleukin-6 and cardiac involvement in systemic sclerosis. Rheumatology 

(Oxford). 2013;52(7):1298-302. 

93. Kazzam E, Waldenstrom A, Hedner T, Hedner J, Caidahl K. Endothelin may be pathogenic in 

systemic sclerosis of the heart. Int J Cardiol. 1997;60(1):31-9. 

94. Kazzam E, Caidahl K, Hedner T, Hedner J, Waldenstrom A. Atrial natriuretic peptide: relation to 

left ventricular filling properties in patients with systemic sclerosis. Int J Cardiol. 1994;47(2):151-6. 

95. Meune C, Avouac J, Wahbi K, Cabanes L, Wipff J, Mouthon L, et al. Cardiac involvement in 

systemic sclerosis assessed by tissue-doppler echocardiography during routine care: A controlled study 

of 100 consecutive patients. Arthritis Rheum. 2008;58(6):1803-9. 

96. Shahin AA, Anwar S, Elawar AH, Sharaf AE, Hamid MA, Eleinin AA, et al. Circulating soluble 

adhesion molecules in patients with systemic sclerosis: correlation between circulating soluble vascular 

cell adhesion molecule-1 (sVCAM-1) and impaired left ventricular diastolic function. Rheumatol Int. 

2000;20(1):21-4. 

97. Mavrogeni S, Koutsogeorgopoulou L, Karabela G, Stavropoulos E, Katsifis G, Raftakis J, et al. 

Silent myocarditis in systemic sclerosis detected by cardiovascular magnetic resonance using Lake Louise 

criteria. BMC Cardiovasc Disord. 2017;17(1):187. 

98. Kolto G, Vuolteenaho O, Szokodi I, Faludi R, Tornyos A, Ruskoaho H, et al. Prognostic value of N-

terminal natriuretic peptides in systemic sclerosis: a single centre study. Clin Exp Rheumatol. 2014;32(6 

Suppl 86):S-75-81. 

99. Eicher JC, Berthier S, Aho LS, Lorcerie B, Bonnotte B, Laurent G. Measurement of interatrial 

dyssynchrony using tissue Doppler imaging predicts functional capacity and cardiac involvement in 

systemic sclerosis. Clin Exp Rheumatol. 2014;32(6 Suppl 86):S-171-6. 

100. Muresan L, Petcu A, Pamfil C, Muresan C, Rinzis M, Mada RO, et al. Cardiovascular profiles of 

scleroderma patients with arrhythmias and conduction disorders. Acta Reumatol Port. 2016;41(1):26-39. 

101. Kitchongcharoenying P, Foocharoen C, Mahakkanukrauh A, Suwannaroj S, Nanagara R. 

Pericardial fluid profiles of pericardial effusion in systemic sclerosis patients. Asian Pac J Allergy 

Immunol. 2013;31(4):314-9. 

102. Bosello S, De Luca G, Berardi G, Canestrari G, de Waure C, Gabrielli FA, et al. Cardiac troponin T 

and NT-proBNP as diagnostic and prognostic biomarkers of primary cardiac involvement and disease 

severity in systemic sclerosis: A prospective study. Eur J Intern Med. 2019;60:46-53. 

103. Wangkaew S, Phiriyakrit P, Sawangduan V, Prasertwittayakij N, Euathrongchit J. Differences in 

clinical presentation and incidence of cardiopulmonary involvement in late-onset versus early-onset 

systemic sclerosis: inception cohort study. Int J Rheum Dis. 2018;21(5):1082-92. 



104. van Wijngaarden SE, Ben Said-Bouyeri S, Ninaber MK, Huizinga TWJ, Schalij MJ, Bax JJ, et al. 

Progression of Left Ventricular Myocardial Dysfunction in Systemic Sclerosis: A Speckle-tracking Strain 

Echocardiography Study. J Rheumatol. 2019;46(4):405-15. 

105. Bissell LA, Dumitru RB, Erhayiem B, Abignano G, Fent G, Kidambi A, et al. Incidental significant 

arrhythmia in scleroderma associates with cardiac magnetic resonance measure of fibrosis and hs-TnI 

and NT-proBNP. Rheumatology (Oxford). 2019;58(7):1221-6. 

106. Mueller KA, Mueller, II, Eppler D, Zuern CS, Seizer P, Kramer U, et al. Clinical and 

histopathological features of patients with systemic sclerosis undergoing endomyocardial biopsy. PLoS 

One. 2015;10(5):e0126707. 

107. Bulkley BH, Ridolfi RL, Salyer WR, Hutchins GM. Myocardial lesions of progressive systemic 

sclerosis. A cause of cardiac dysfunction. Circulation. 1976;53(3):483-90. 

108. Pinter T, Faludi R, Magyari B, Vorobcsuk A, Kumanovics G, Minier T, et al. Mechanism of 

coronary flow reserve reduction in systemic sclerosis: insight from intracoronary pressure wire studies. 

Rheumatology (Oxford). 2011;50(4):781-8. 

109. Ellis WW, Baer AN, Robertson RM, Pincus T, Kronenberg MW. Left ventricular dysfunction 

induced by cold exposure in patients with systemic sclerosis. Am J Med. 1986;80(3):385-92. 

110. Tennoe AH, Murbraech K, Andreassen JC, Fretheim H, Garen T, Gude E, et al. Left Ventricular 

Diastolic Dysfunction Predicts Mortality in Patients With Systemic Sclerosis. J Am Coll Cardiol. 

2018;72(15):1804-13. 

111. De Luca G, Bosello SL, Gabrielli FA, Berardi G, Parisi F, Rucco M, et al. Prognostic Role of 

Ventricular Ectopic Beats in Systemic Sclerosis: A Prospective Cohort Study Shows ECG Indexes 

Predicting the Worse Outcome. PLoS One. 2016;11(4):e0153012. 

112. Moore DF, Kramer E, Eltaraboulsi R, Steen VD. Increased Morbidity and Mortality of 

Scleroderma in African Americans Compared to Non-African Americans. Arthritis Care Res (Hoboken). 

2019;71(9):1154-63. 

113. Költő G, Faludi R, Aradi D, Bartos B, Kumánovics G, Minier T, et al. Impact of cardiac involvement 
on the risk of mortality among patients with systemic sclerosis: a 5-year follow-up of a single-center 

cohort. Clin Rheumatol. 2014;33(2):197-205. 

114. Rodriguez-Reyna TS, Morelos-Guzman M, Hernandez-Reyes P, Montero-Duarte K, Martinez-

Reyes C, Reyes-Utrera C, et al. Assessment of myocardial fibrosis and microvascular damage in systemic 

sclerosis by magnetic resonance imaging and coronary angiotomography. Rheumatology (Oxford). 

2015;54(4):647-54. 

115. Montisci R, Ruscazio M, Lai S, Vacca A, Cauli A, Passiu G, et al. Effect of a single IV administration 

of L-propionylcarnitine on myocardial microcirculation assessed by coronary flow velocity reserve 

measurement in patients with systemic sclerosis: a pilot study. Clin Ther. 2007;29(1):163-71. 

116. Hachulla AL, Launay D, Gaxotte V, de Groote P, Lamblin N, Devos P, et al. Cardiac magnetic 

resonance imaging in systemic sclerosis: a cross-sectional observational study of 52 patients. Ann Rheum 

Dis. 2009;68(12):1878-84. 

117. Krumm P, Mueller KA, Klingel K, Kramer U, Horger MS, Zitzelsberger T, et al. Cardiovascular 

magnetic resonance patterns of biopsy proven cardiac involvement in systemic sclerosis. J Cardiovasc 

Magn Reson. 2016;18(1):70. 

118. Vignaux O, Allanore Y, Meune C, Pascal O, Duboc D, Weber S, et al. Evaluation of the effect of 

nifedipine upon myocardial perfusion and contractility using cardiac magnetic resonance imaging and 

tissue Doppler echocardiography in systemic sclerosis. Ann Rheum Dis. 2005;64(9):1268-73. 

119. Tzelepis GE, Kelekis NL, Plastiras SC, Mitseas P, Economopoulos N, Kampolis C, et al. Pattern and 

distribution of myocardial fibrosis in systemic sclerosis: a delayed enhanced magnetic resonance imaging 

study. Arthritis Rheum. 2007;56(11):3827-36. 



120. Chaosuwannakit N, Makarawate P. Value of cardiac magnetic resonance imaging in systemic 

sclerosis. Reumatologia. 2018;56(2):92-8. 

121. Meduri A, Di Molfetta DV, Natale L, Manfredi R. Cardiac magnetic resonance in systemic 

sclerosis patients with cardiac symptoms. Eur Rev Med Pharmacol Sci. 2017;21(21):4797-803. 

122. Gyllenhammar T, Kanski M, Engblom H, Wuttge DM, Carlsson M, Hesselstrand R, et al. 

Decreased global myocardial perfusion at adenosine stress as a potential new biomarker for 

microvascular disease in systemic sclerosis: a magnetic resonance study. BMC Cardiovasc Disord. 

2018;18(1):16. 

123. Bezante GP, Rollando D, Sessarego M, Panico N, Setti M, Filaci G, et al. Cardiac magnetic 

resonance imaging detects subclinical right ventricular impairment in systemic sclerosis. J Rheumatol. 

2007;34(12):2431-7. 

124. Mavrogeni SI, Kitas GD, Dimitroulas T, Sfikakis PP, Seo P, Gabriel S, et al. Cardiovascular 

magnetic resonance in rheumatology: Current status and recommendations for use. Int J Cardiol. 

2016;217:135-48. 

125. Kobayashi Y, Kobayashi H, J TG, Yokoe I, Hirano M, Nakajima Y, et al. Detection of Left 

Ventricular Regional Dysfunction and Myocardial Abnormalities Using Complementary Cardiac Magnetic 

Resonance Imaging in Patients with Systemic Sclerosis without Cardiac Symptoms: A Pilot Study. Intern 

Med. 2016;55(3):237-43. 

126. Aktoz M, Yilmaztepe M, Tatli E, Turan FN, Umit EG, Altun A. Assessment of ventricular and left 

atrial mechanical functions, atrial electromechanical delay and P wave dispersion in patients with 

scleroderma. Cardiol J. 2011;18(3):261-9. 

127. Allanore Y, Meune C, Vonk MC, Airo P, Hachulla E, Caramaschi P, et al. Prevalence and factors 

associated with left ventricular dysfunction in the EULAR Scleroderma Trial and Research group 

(EUSTAR) database of patients with systemic sclerosis. Ann Rheum Dis. 2010;69(1):218-21. 

128. Bayar N, Cay HF, Erkal Z, Sezer I, Arslan S, Cagirci G, et al. The importance of fragmented QRS in 

the early detection of cardiac involvement in patients with systemic sclerosis. Anatol J Cardiol. 

2015;15(3):209-12. 

129. Bienias P, Ciurzynski M, Glinska-Wielochowska M, Korczak D, Kalinska-Bienias A, Glinski W, et al. 

Heart rate turbulence impairment and ventricular arrhythmias in patients with systemic sclerosis. Pacing 

Clin Electrophysiol. 2010;33(8):920-8. 

130. Can I, Onat AM, Aytemir K, Akdogan A, Ureten K, Kiraz S, et al. Detecting subclinical biventricular 

impairment in scleroderma patients by use of pulsed-wave tissue Doppler imaging. Tex Heart Inst J. 

2009;36(1):31-7. 

131. Carreira PE, Carmona L, Joven BE, Loza E, Andreu JL, Riemekasten G, et al. Differences associated 

with age at onset in early systemic sclerosis patients: a report from the EULAR Scleroderma Trials and 

Research Group (EUSTAR) database. Scand J Rheumatol. 2019;48(1):42-51. 

132. Di Franco M, Paradiso M, Riccieri V, Basili S, Mammarella A, Valesini G. Autonomic dysfunction 

and microvascular damage in systemic sclerosis. Clin Rheumatol. 2007;26(8):1278-83. 

133. Draeger HT, Assassi S, Sharif R, Gonzalez EB, Harper BE, Arnett FC, et al. Right bundle branch 

block: a predictor of mortality in early systemic sclerosis. PLoS One. 2013;8(10):e78808. 

134. Ferri C, Emdin M, Giuggioli D, Carpeggiani C, Maielli M, Varga A, et al. Autonomic dysfunction in 

systemic sclerosis: time and frequency domain 24 hour heart rate variability analysis. Br J Rheumatol. 

1997;36(6):669-76. 

135. Follansbee WP, Curtiss EI, Rahko PS, Medsger TA, Jr., Lavine SJ, Owens GR, et al. The 

electrocardiogram in systemic sclerosis (scleroderma). Study of 102 consecutive cases with functional 

correlations and review of the literature. The American journal of medicine. 1985;79(2):183-92. 

136. Henein MY, Cailes J, O'Sullivan C, Du Bois RM, Gibson DG. Abnormal ventricular long-axis 

function in systemic sclerosis. Chest. 1995;108(6):1533-40. 



137. Javinani A, Javady Nejad Z, Gharibdoost F, Jamshidi AR, Yekta RA, Alvand S, et al. Bundle Branch 

Blocks and Fragmented QRS Complex in Iranian Patients with Systemic Sclerosis. J Tehran Heart Cent. 

2019;14(1):6-11. 

138. Karakulak UN, Okutucu S, Sahiner L, Maharjan N, Aladag E, Akdogan A, et al. Assessment of 

cardiac autonomic nervous system involvement in systemic sclerosis via exercise heart rate recovery. 

Med Princ Pract. 2015;24(1):17-22. 

139. Mele D, Censi S, La Corte R, Merli E, Lo Monaco A, Locaputo A, et al. Abnormalities of left 

ventricular function in asymptomatic patients with systemic sclerosis using Doppler measures of 

myocardial strain. J Am Soc Echocardiogr. 2008;21(11):1257-64. 

140. Meune C, Allanore Y, Pascal O, Devaux JY, Dessault O, Duboc D, et al. Myocardial contractility is 

early affected in systemic sclerosis: a tissue Doppler echocardiography study. Eur J Echocardiogr. 

2005;6(5):351-7. 

141. Montisci R, Vacca A, Garau P, Colonna P, Ruscazio M, Passiu G, et al. Detection of early 

impairment of coronary flow reserve in patients with systemic sclerosis. Ann Rheum Dis. 

2003;62(9):890-3. 

142. Morelli S, Sgreccia A, Ferrante L, Barbieri C, Bernardo ML, Perrone C, et al. Relationships 

between electrocardiographic and echocardiographic findings in systemic sclerosis (scleroderma). Int J 

Cardiol. 1996;57(2):151-60. 

143. Murata I, Takenaka K, Shinohara S, Suzuki T, Sasaki T, Yamamoto K. Diversity of myocardial 

involvement in systemic sclerosis: an 8-year study of 95 Japanese patients. Am Heart J. 1998;135(6 Pt 

1):960-9. 

144. Nordin A, Björnådal L, Larsson A, Svenungsson E, Jensen-Urstad K. Electrocardiography in 110 

patients with systemic sclerosis: a cross-sectional comparison with population-based controls. Scand J 

Rheumatol. 2014;43(3):221-5. 

145. Paradiso M, Gabrielli F, Coppotelli L, Aguglia G, Pergolini M, Leonardo M, et al. Signal-averaged 

electrocardiography and echocardiography in the evaluation of myocardial involvement in progressive 

systemic sclerosis. Int J Cardiol. 1996;53(2):171-7. 

146. Sulli A, Ghio M, Bezante GP, Deferrari L, Craviotto C, Sebastiani V, et al. Blunted coronary flow 

reserve in systemic sclerosis: a sign of cardiac involvement in asymptomatic patients. Ann Rheum Dis. 

2004;63(2):210-1. 

147. Valentini G, Huscher D, Riccardi A, Fasano S, Irace R, Messiniti V, et al. Vasodilators and low-

dose acetylsalicylic acid are associated with a lower incidence of distinct primary myocardial disease 

manifestations in systemic sclerosis: results of the DeSScipher inception cohort study. Ann Rheum Dis. 

2019;78(11):1576-82. 

148. Walker UA, Tyndall A, Czirjak L, Denton C, Farge-Bancel D, Kowal-Bielecka O, et al. Clinical risk 

assessment of organ manifestations in systemic sclerosis: a report from the EULAR Scleroderma Trials 

And Research group database. Ann Rheum Dis. 2007;66(6):754-63. 

149. Wranicz J, Zielinska M, Cygankiewicz I, Dziankowska-Bartkowiak B, Sysa-Jedrzejowska A. Early 

cardiovascular involvement in patients with systemic sclerosis (SSc). Med Sci Monit. 2002;8(2):CR78-82. 

150. Sulli A, Ghio M, Bezante GP, Deferrari L, Craviotto C, Sebastiani V, et al. Blunted coronary flow 

reserve in systemic sclerosis. Rheumatology (Oxford). 2004;43(4):505-9. 

151. Aguglia G, Sgreccia A, Bernardo ML, Carmenini E, Giusti De Marle M, Reali A, et al. Left 

ventricular diastolic function in systemic sclerosis. J Rheumatol. 2001;28(7):1563-7. 

152. Antoniades L, Sfikakis PP, Mavrikakis M. Glucocorticoid effects on myocardial performance in 

patients with systemic sclerosis. Clin Exp Rheumatol. 2001;19(4):431-7. 

153. Can I, Onat AM, Aytemir K, Akdogan A, Ureten K, Kiraz S, et al. Assessment of atrial conduction 

in patients with scleroderma by tissue Doppler echocardiography and P wave dispersion. Cardiology. 

2007;108(4):317-21. 



154. de Groote P, Gressin V, Hachulla E, Carpentier P, Guillevin L, Kahan A, et al. Evaluation of cardiac 

abnormalities by Doppler echocardiography in a large nationwide multicentric cohort of patients with 

systemic sclerosis. Ann Rheum Dis. 2008;67(1):31-6. 

155. Di Bello V, Ferri C, Giorgi D, Bianchi M, Bertini A, Martini A, et al. Ultrasonic videodensitometric 

analysis in scleroderma heart disease. Coron Artery Dis. 1999;10(2):103-10. 

156. Durmus E, Sunbul M, Tigen K, Kivrak T, Ozen G, Sari I, et al. Right ventricular and atrial functions 

in systemic sclerosis patients without pulmonary hypertension. Speckle-tracking echocardiographic 

study. Herz. 2015;40(4):709-15. 

157. Fernandes F, Ramires FJ, Arteaga E, Ianni BM, Bonfa ES, Mady C. Cardiac remodeling in patients 

with systemic sclerosis with no signs or symptoms of heart failure: an endomyocardial biopsy study. J 

Card Fail. 2003;9(4):311-7. 

158. Guerra F, Stronati G, Fischietti C, Ferrarini A, Zuliani L, Pomponio G, et al. Global longitudinal 

strain measured by speckle tracking identifies subclinical heart involvement in patients with systemic 

sclerosis. Eur J Prev Cardiol. 2018;25(15):1598-606. 

159. Hegedus I, Czirjak L. Left ventricular wall thickness and disease duration in systemic sclerosis. 

Postgrad Med J. 1993;69(810):285-90. 

160. Hosoya H, Derk CT. Clinically Symptomatic Pericardial Effusions in Hospitalized Systemic 

Sclerosis Patients: Demographics and Management. Biomed Res Int. 2018;2018:6812082. 

161. Hsiao SH, Lee CY, Chang SM, Lin SK, Liu CP. Right heart function in scleroderma: insights from 

myocardial Doppler tissue imaging. J Am Soc Echocardiogr. 2006;19(5):507-14. 

162. Kazzam E, Caidahl K, Hllgren R, Gustafsson R, Waldenström A. Non-invasive evaluation of long-

term cardiac effects of captopril in systemic sclerosis. J Intern Med. 1991;230(3):203-12. 

163. Kepez A, Akdogan A, Sade LE, Deniz A, Kalyoncu U, Karadag O, et al. Detection of subclinical 

cardiac involvement in systemic sclerosis by echocardiographic strain imaging. Echocardiography. 

2008;25(2):191-7. 

164. Lee SW, Choi EY, Jung SY, Choi ST, Lee SK, Park YB. E/E' ratio is more sensitive than E/A ratio for 

detection of left ventricular diastolic dysfunction in patients with systemic sclerosis. Clin Exp Rheumatol. 

2010;28(2 Suppl 58):S12-7. 

165. Maione S, Valentini G, Giunta A, Migliaresi S, Itri F, Picillo U, et al. Evaluation of cardiac 

structures and function in systemic sclerosis by Doppler echocardiography. Cardiology. 1991;79(3):165-

71. 

166. Maione S, Cuomo G, Giunta A, Tanturri de Horatio L, La Montagna G, Manguso F, et al. 

Echocardiographic alterations in systemic sclerosis: a longitudinal study. Semin Arthritis Rheum. 

2005;34(5):721-7. 

167. Matias C, Isla LP, Vasconcelos M, Almeria C, Rodrigo JL, Serra V, et al. Speckle-tracking-derived 

strain and strain-rate analysis: a technique for the evaluation of early alterations in right ventricle 

systolic function in patients with systemic sclerosis and normal pulmonary artery pressure. J Cardiovasc 

Med (Hagerstown). 2009;10(2):129-34. 

168. Mizuno R, Fujimoto S, Saito Y, Nakamura S. Cardiac Raynaud's phenomenon induced by cold 

provocation as a predictor of long-term left ventricular dysfunction and remodelling in systemic 

sclerosis: 7-year follow-up study. Eur J Heart Fail. 2010;12(3):268-75. 

169. Pigatto E, Peluso D, Zanatta E, Polito P, Miatton P, Bourji K, et al. Evaluation of right ventricular 

function performed by 3D-echocardiography in scleroderma patients. Reumatismo. 2015;66(4):259-63. 

170. Plazak W, Gryga K, Sznajd J, Tomkiewicz-Pajak L, Suchon E, Wilisowska J, et al. Diastolic heart 

dysfunction, increased pulmonary capillary wedge pressure and impaired exercise tolerance in patients 

with systemic sclerosis. Kardiol Pol. 2011;69(3):243-9. 



171. Porpaczy A, Nogradi A, Kehl D, Strenner M, Minier T, Czirjak L, et al. Impairment of Left Atrial 

Mechanics Is an Early Sign of Myocardial Involvement in Systemic Sclerosis. J Card Fail. 2018;24(4):234-

42. 

172. Rodrigues GD, Tobaldini E, Bellocchi C, Santaniello A, Caronni M, Severino A, et al. Cardiac 

autonomic modulation at rest and during orthostatic stress among different systemic sclerosis subsets. 

Eur J Intern Med. 2019;66:75-80. 

173. Roque MCF, Sampaio-Barros PD, Arruda AL, Barros-Gomes S, Becker D, Andrade JL, et al. 

Evaluation of Left Ventricular Diastolic Function by Echocardiography with Tissue Doppler in Systemic 

Sclerosis. Arq Bras Cardiol. 2017;109(5):410-5. 

174. Rosato E, Maione S, Vitarelli A, Giunta A, Fontanella L, de Horatio LT, et al. Regional diastolic 

function by tissue Doppler echocardiography in systemic sclerosis: correlation with clinical variables. 

Rheumatol Int. 2009;29(8):913-9. 

175. Saito M, Wright L, Negishi K, Dwyer N, Marwick TH. Mechanics and prognostic value of left and 

right ventricular dysfunction in patients with systemic sclerosis. Eur Heart J Cardiovasc Imaging. 

2018;19(6):660-7. 

176. Schattke S, Knebel F, Grohmann A, Dreger H, Kmezik F, Riemekasten G, et al. Early right 

ventricular systolic dysfunction in patients with systemic sclerosis without pulmonary hypertension: a 

Doppler Tissue and Speckle Tracking echocardiography study. Cardiovasc Ultrasound. 2010;8:3. 

177. Thompson AE, Pope JE. A study of the frequency of pericardial and pleural effusions in 

scleroderma. Br J Rheumatol. 1998;37(12):1320-3. 

178. Tountas C, Protogerou AD, Bournia VK, Panopoulos S, Konstantonis G, Tektonidou MG, et al. 

Mechanics of early ventricular impairment in systemic sclerosis and the effects of peripheral arterial 

haemodynamics. Clin Exp Rheumatol. 2019;37 Suppl 119(4):57-62. 

179. Vacca A, Montisci R, Cauli A, Garau P, Colonna P, Ruscazio M, et al. Evaluation of cardiac 

functional abnormalities in systemic sclerosis by dobutamine stress echocardiography: a myocardial 

echostress scleroderma pattern. Ann Rheum Dis. 2006;65(12):1669-70. 

180. Wangkaew S, Prasertwittayakij N, Euathrongchit J. Clinical Manifestation and Incidence of 

Cardiopulmonary Complications in Early Systemic Sclerosis Patients with Different Antibody Profiles. 

Journal of clinical medicine research. 2019;11(7):524-31. 

181. Zairi I, Mzoughi K, Jnifene Z, Kamoun S, Jabeur M, Ben Moussa F, et al. Speckle tracking 

echocardiography in systemic sclerosis: A useful method for detection of myocardial involvement. Ann 

Cardiol Angeiol (Paris). 2019;68(4):226-31. 

182. Giunta A, Tirri E, Maione S, Cangianiello S, Mele A, De Luca A, et al. Right ventricular diastolic 

abnormalities in systemic sclerosis. Relation to left ventricular involvement and pulmonary 

hypertension. Ann Rheum Dis. 2000;59(2):94-8. 

183. Romaniello A, Viola G, Salsano F, Rosato E. In systemic sclerosis patients, bosentan is safe and 

effective for digital ulcer prevention and it seems to attenuate the development of pulmonary arterial 

hypertension. Rheumatology (Oxford). 2014;53(3):570-1. 

 


