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Abstract - Word count: 249/250
Introduction: Heart involvement is a common problem in systemic sclerosis (SSc). Recently, a definition of SSc primary heart involvement (SSc-pHI) had been proposed. Our aim was to establish 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 heart 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
Introduction

Systemic sclerosis (SSc) is a chronic connective tissue disorder characterized by vasculopathy, inflammation/autoimmunity and fibrosis (1) (2, 3) that may affect 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 (4). 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 (5). 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 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 (6). More recently, a Greek cardiology-rheumatology collaboration group proposed a management algorithm that was based on a two-step approach to evaluate SSc patients, and placed different tests in different tiers of priority (7). 

Indeed, there are 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-pHI: for example, resting electrocardiography (ECG) and monitoring mostly detects fixed conduction defects and arrhythmia, resting standard trans-thoracic echocardiography (sTTE) 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 (8). Given the diverse manifestations included in the “cardiac scleroderma spectrum”, the different tests should allow for comprehensive but feasible evaluation, taking into consideration time, cost and availability.

This paper will support physicians in identifying SSc-pHI in daily practice by, 1) reviewing 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 (SLR) (9), a systematic literature review was performed on three databases (EMBASE, Pubmed, Web of Science), from inception to 31/12/19. Papers in English, 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 both for 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 also extracted from the manuscripts. In addition, data regarding the test used in the cardiac evaluation and the specific parameters were 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=15), North America (n=2) and Asia (n=1), comprising 9 cardiologists (ERB, LG, SM, AP, ALPC, SP, CT, AD, AR) and 9 SSc experts including rheumatologist, dermatologists and immunologists (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; sTTE 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 pulmonary arterial hypertension (PAH) or suspicion of presence of either one or the other (n=54). The remaining studies comprised patients presenting with 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. 

Meeting sessions: creating the 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 whole committee voted over the 7 overarching principles and the 10 consensus guidance statements to reach agreement (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) (9). 

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.
The WSF/HFA definition created during the previous steps of this initiative proposed that “SSc-pHI comprises cardiac abnormalities that are predominantly attributable to SSc rather than other causes and/or complications [including non SSc-specific cardiac conditions (e.g., ischaemic heart disease, arterial hypertension, drug toxicity, other cardiomyopathy, primary valvular disease) or SSc non cardiac conditions (e.g. PAH, Renal involvement, interstitial lung disease)]; SSc-pHI may be sub-clinical and must be confirmed through diagnostic investigation; The pathogenesis of SSc-pHI comprises one or more of inflammation, fibrosis and vasculopathy” (9). The expert committee further supported the previously proposed definition of SSc-pHI, confirming SSc-pHI patients as the main target population of the current step of the project. In addition, 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 cardiology and non-cardiology 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 timelier 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 an important unmet need. From the literature to date, a high-risk SSc-pHI clinical profile includes various demographic, serological and clinical features, which are summarized in Table 4. The committee decided not to specifically mention risk factors for SSc-pHI in the statement itself, given the heterogeneity of the cardiac outcomes or cardiac definitions used to identify them and the need to replicate the results using the currently proposed definition of SSc-pHI, which may not only confirm the same but identify new predictors for this complication. 
Consensus statements

1. The diagnostic workup of SSc-pHI should comprise an integration of history (cardiac red flag symptoms), physical examination and laboratory/imaging/electrocardiography 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 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 surveillance. Core assessment would comprise electrocardiogram, standard trans-thoracic echocardiography and serum cardiac biomarkers such as hs-troponin, NT-pro-BNP or BNP.

5. Screening with Cardiac Magnetic Resonance 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 abnormalities that need a prompt change of 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 abnormalities might be considered minor (as requiring treatments, such as β-blockers). As with previous consensus guidance papers, there was no agreement regarding the standardized performance of CMR for screening purposes, due to the lack of robust evidence. Although asymptomatic patients may have CMR abnormalities, the prognostic significance has not been fully established, therefore CMR cannot be currently recommended as part of a standard screening 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 to CMR in several centres has paved the way for acquiring and capitalizing on an unprecedented level of data so far. Regarding sTTE, 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, as well as borderline results in a previous assessment, a case-by-case evaluation of the timing of the assessment was recommended, in accordance with a cardiology assessment. In general, the expert committee stressed the importance of sTTE 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 electrocardiogram, standard trans-thoracic echocardiography and serum cardiac biomarkers such as hs-troponin, NT-pro-BNP or BNP.

7. Cardiac magnetic resonance 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 cardiac magnetic resonance, 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. Resting ECG should be repeated during or immediately before the Cardiology consultation, as well as 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. A similar personalized evaluation of sTTE abnormalities was suggested to trigger cardiology 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 biopsy should be performed according to European Society of Cardiology (ESC) guidelines, regardless of CMR findings, after exclusion of coronary artery disease, based upon cardiology evaluation (29-33).  
9. Where SSc-pHI is confirmed, Holter monitoring is recommended as the first-line assessment to evaluate for the arrhythmia burden and standard trans-thoracic 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 the importance of multi-disciplinary care when following up patients with a diagnosis of SSc-pHI. This included both the nature of the testing (mostly relying on milestone assessments such as sTTE and Holter-ECG in relation to the specific cardiac manifestation) to be further adapted to the individual case, as well as the frequency of the monitoring to be performed. 

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 “first line” assessments for SSc-pHI, including patients with or without cardiac involvement or cardiac symptoms. Growing evidence is 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. 

Higher levels of cardiac specific laboratory biomarkers, such as NT-proBNP and Troponin I, have been observed in SSc patients compared to healthy controls (34-37). Studies using CMR and sTTE confirmed that all cardiac chambers and structures may be involved in SSc-pHI, with abnormalities of myocardial wall motion, contractility and relaxation reported. In addition, sTTE has demonstrated significantly abnormal values of right ventricular function and tissue Doppler data (38-43), while CMR data were consistent with histopathological evaluation of endomyocardial biopsy and autopsy samples, indicating inflammatory and fibrotic tissue changes (19, 34, 44-48). ECG studies have detected a meaningful number of arrhythmias, although the definition ranged from benign isolated ectopics 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. The 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 across 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 (49). 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 (50). 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 (51), which is recommended once a year by the European Society of Cardiology/European Respiratory Society (52). 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, sTTE, rest ECG and laboratory tests, there is no convincing basis to support Holter and stress electrophysiology as part of routine screening, with their use driven by symptoms or outcome of other tests. Nevertheless, Holter ECG may be a promising and powerful screening tool, and it is well accepted by the patient given its non-invasive nature. Therefore, it remains part of the research agenda to validate use in a systematic prospective registry and inform on cut-offs with diagnostic and/or prognostic value, to support its application in routine screening assessment. 

Timing for sTTE as screening test 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 sTTE, 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 its routine use in all patients. It is recognized that even completely asymptomatic patients may show CMR abnormalities and that CMR is a surrogate for the gold-standard, endomyocardial biopsy. 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. 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 indicate clearly which assessments should be included in the second tier, rather this should 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 sTTE for the screening of asymptomatic patients, given the increasing evidence of their role for the evaluation of myocardial stress and microvascular disease (53, 54). This is particularly the case of high sensitivity troponin, which is a promising biomarker for the detection of myocardial involvement (53-55). 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 (56).   

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 of coronary artery disease (CAD), lipid profile and glycate hemoglobin (6). 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 yearly assessment of symptomatic patients, with further adjustment of timing and nature of assessments on a case-by-case basis. This was stressed in the current 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 (6, 7, 48) 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 (18). 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 evaluation and tests, 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 international 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.

The main limitations is that then SLR highlighted poorly detailed and inconsistent data with a lack of well-controlled prospective data in this field. Guidance on state-of-the-art tests was therefore largely based on expertise (rather than a sizeable evidence base), similar to the previous consensus document (6). 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 routine assessment of other indications, such as the screening for PAH.

Conclusions

This consensus initiative for SSc-pHI provides initial guidance for screening and diagnostic work up. A next step will be validation in a real-life cohort with the future ambition of identifying the high risk SSc profile and evaluating interventions to prevent and treat this life-threatening complication and its manifestations. 
Figure Legend

Figure 1 - PRISMA scheme of the evaluation and selection procedure of scientific articles for the systematic review of the literature.
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