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Abstract 
 

Background 

Pulmonal hypertension (PH) is a frequent complication in systemic sclerosis (SSc) but is 

often diagnosed so late that the outcome is devastating. In this study we aimed to assess the 

frequency and development of PH in SSc patients and elucidate their long-term outcome.  

 

Methods 

SSc patients from Oslo University Hospital were included if 1 or more right-sided heart 

catheterization (RHC) had been performed. Clinical variables and hemodynamic parameters 

were collected at baseline and every 6 months. Descriptive statistics and Kaplan-Meyer-

survival-rates were determined.  

 

Results 

In total, 201 SSc patients were included. At baseline 81 patients (40%) had normal mean 

pulmonary arterial pressure (mPAP < 20 mmHg), 38 (19%) had borderline PH (mPAP 20-25 

mmHg) and 70 (35%) had PH (mPAP ≥ 25 mmHg). The clinical variables collected showed a 

worsening trend from normal and borderline PH to PH, in regard of increased dyspnea and 

NT pro-BNP levels, and a decrease in walking capacity and diffusing lung capacity. During 

an average of 3 years, 30% and 46% of the patients that presented with respectively normal 

and borderline pressure at baseline developed fulminant PH. The 5-year survival in patients 

with PH was noticeably worse than in the other two groups, with a cumulative survival of 

60% compared to 80% and 75% in normal and borderline patients.  

 

Conclusion 

PH in SSc is a frequent complication and associated with decreased survival. Patients with 

borderline PH frequently develop PH within few years and should be monitored closely to 

initiate treatment as early as possible.  
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Introduction 
 
Systemic sclerosis (SSc) is an autoimmune, systemic disease affecting the connective tissue, 

causing changes in skin and internal organs. It is characterized by progressive fibrosis, 

vasculopathy and production of antibodies, which lead to several disturbances throughout the 

body.  There are two main forms of SSc based on the skin involvement in the patient; one of 

them being limited to skin thickening distal to the elbows and knees (lcSSc), the other one 

with diffuse skin thickening proximal to these areas (dcSSc). The diffuse form is linked to 

more severe organ damage than the limited form (1).  

Patients with SSc report reduced quality of life, physical challenges and impaired social 

functioning. The disorder is also associated with increased mortality, with lung and heart 

problems the major cause of death (2, 3). 

 

The clinical symptoms of SSc depend on which organ systems are affected. Early symptoms 

are Raynaud´s phenomenon (RP), oesophagus dysfunction and joint pain, but digital ulcers 

(DU) and interstitial lung disease (ILD) are also frequent manifestations. One of the most 

feared complications is pulmonary hypertension (PH), a pathophysiological disorder that can 

evolve without cardiovascular disease, or complicate cardiovascular – and respiratory disease. 

PH is defined as a mean pulmonary artery pressure (mPAP) ≥ 25 mmHg at rest, assessed by a 

right heart catheterization (RHC)(4, 5). Normally, mPAP at rest is < 14 mmHg with an upper 

limit of 20 mmHg, but because an mPAP above 25 mmHg currently is required for a 

diagnosis of PH, a group exists with a so-called borderline elevation of the mPAP, between 

21-24mmHg (6). While it is well established that resting PH (mPAP  ≥ 25 mmHg) in SSc is 

associated with particularly poor prognosis, the clinical relevance of a borderline mPAP is 

still a matter of discussion (2, 7, 8).  It has been raised many questions whether patients with 

normal haemodynamic and borderline mPAP are at higher risk of developing PH, but long-

term outcomes in these patients are still scarce.   

 

Therefore, the purpose of this study was to create a complete database of all SSc-PH patients 

at the Oslo University Hospital and assess how many patients had a normal pulmonary 

pressure, borderline PH and PH. I wanted to see how many patients with borderline PH 

developed fulminant PH and in which time frame this development took place. I also wanted 

to investigate whether there were any predictive parameters which could identify SSc patients 

at higher risk of developing PH, as well as elucidate the patients long term outcome.  



 6 

Background  

Epidemiology 
SSc is a rare disease and there are few population-based cohort studies on SSc patients. 

Available data show that women consistently outnumber men with a female to male ratio 3:1-

6:1 (9), without any well-understood reason. The peak incidence in age varies between gender 

and race, but onset of the disease is normally around 40 to 50 (9, 10). SSc in childhood is very 

rare. 

Reported incidence- and prevalence rates vary widely depending on geographic location and 

methods of case ascertainment. It is difficult to conduct population-based studies revealing 

the true prevalence and incidence of SSc, and the incidence rates have been reported ranging 

from 5/100.000 to 30/100.000 in Europe (9, 10). The exact incidence of PH in SSc patients is 

unknown, but estimated numbers are between 10-15% (11, 12). 

 

Norwegian data 

According to a nationwide SSc cohort done by Fretheim and coworkers (13), the estimated 

point prevalence of SSc in Norway on the 1st of January 2013 was 13/100.000, with 5/100.000 

in males and 22/100.000 in females. The number of newly diagnosed SSc patients per year 

increased from 20-42 cases each year in the time period 2000-2004 to 50-64 cases in 2005-

2012. PH assessment by RHC was conducted in 190 of the 840 patients included in the study 

(23%). Pre-capillary PH by the 2015 guidelines was diagnosed in 91/190 patients subjected to 

RHC (48%), with PAH and PH-ILD being the dominant forms accounting for respectively 

7% and 4%. 

 

Figure 1: Prevalence of SSc in Norwegian cohort study 
 

 

 

 

 

 

 

 

 

This figure shows the development of prevalence in Norwegian SSc patients (13). 
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Pathogenesis 

Although the specific pathologic manifestations of SSc vary widely across anatomic sites, the 

organ systems share many features. The pathophysiologic triad with vascular damage, 

immune dysfunction and tissue remodelling with fibrosis are common pathological findings 

(14). Vascular abnormalities are commonly the earliest disease manifestations of SSc (15), 

and they present clinically as Raynaud phenomenon, abnormal nail fold capillaries, 

mucocutaneous telangiectasia, ischemic digital ulcers, PH and scleroderma renal crisis (16). 

The immune dysregulation might be secondary to vascular injury or a primary pathogenic 

event itself, but an altered immune response and the presence of autoantibodies, most often 

anti-centromere antibody (ACA) and antitopoisomerase 1 antibody (ATA), in the circulation 

justifies the classification of SSc as an autoimmune disease. A characteristic feature of SSc is 

that fibrosis affects multiple organs in addition to the skin, most commonly the lungs, heart, 

gastrointestinal tract (17). The vascular, immune and fibrosis-promoting processes coexist, 

and their activity and impact fluctuate during the development of the disease.   

 

Organ involvement 
SSc is a heterogenous disease, reflected by an extensive range of organ involvement, severity 

and outcomes. Patients with dcSSc are more likely to develop severe organ affection and 

more rapid progression of pulmonary and cardiac involvement than the ones with lcSSc. 

Different kinds of organ affection are elaborated below.  

 

Figure 2: Organ manifestations in SSc 

The picture shows how SSc can affect several organs in the body, making a challenging array of organ-

based complications that outline the burden and impact of disease 
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Skin disease  
The SSc patients´ skin is almost always affected and it is usually characterized by 

development of excessive fibrosis, with skin thickening, puffy fingers, telangiectasia, 

ulcerations and calcinosis cutis as clinical features. In lcSSc the skin thickening does not 

extent proximal to the elbows and knees, and many of these patients only experience 

involvement of the face and the fingers. In dcSSc the skin involvement often affects the whole 

body except for the upper back (18).  The degree of skin involvement is quantified using the 

validated modified Rodnan Skin Score (mRSS) (19, 20). The clinical appearance of skin 

thickening in SSc patients is so typical that biopsy rarely is performed. 

 

Gastrointestinal manifestation 
The GI tract is the second most commonly involved organ system in SSc with over 90% of 

patients being affected (21). It can affect any site in the GI tract, and the findings include 

fibrosis of the muscularis propria, gastroesophageal reflux, mucosal ulceration, thermal injury 

and telangiectasias. Symptoms and severity vary based on location and the extent of affection.  

 

Cardiovascular diseases 
Cardiac involvement is common in SSc and can affect any cardiac structure both in lcSSc and 

dcSSc patients. A great variety of cardiac manifestations can be found among SSc patients´ 

pathological material, including myocardial fibrosis, microvascular disease, pericarditis and 

secondary cor pulmonale. Right heart failure is a common consequence of PH and is thought 

to be a determining factor in the prognosis of affected patients (22). When cardiac 

involvement gets symptomatic the prognosis is poor.  Pathologically the findings amongst 

SSc patients do not differ from those in patients without an underlying autoimmune disease.   

 

Pulmonary manifestations 
Clinically, pulmonary disease in SSc is classified as either ILD or PH, and they have different 

pathogenesis, clinical features, predictions and treatment.  

 

Interstitial lung disease 

ILD is a frequent complication in SSc with up to 50% of the patients being affected. It is 

together with PH the main cause of death in SSc (23). The clinical course of ILD is 

heterogeneous with varying pulmonary manifestations; from limited non-progressive lung 
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involvement to major pulmonary inflammation and fibrosis progressing to respiratory failure 

and death (24, 25). Several risk factors have been detected, and the presence of an abnormal 

forced vital capacity (FVC) early in the disease has been reported as one of the most 

important risk factors for end stage lung disease (26-28). 

SSc-ILD typically has subtle, non-specific clinical symptoms, but pulmonary function tests 

(PFT) play an important role in staging and monitoring the disease.  However, PFT 

abnormalities are not specific for ILD, and wide normal rages make baseline values difficult 

to evaluate. High resolution chest tomography (HRCT) is important for the diagnosis of SSc-

ILD, and it is now suggested that all SSc patients should be screened at time of SSc diagnosis 

with an HRCT. Its role for monitoring is less clear (23).  

 

Pulmonary hypertension 

There are many forms of PH, and the World Health Organization (WHO) has classified the 

disease into five different groups; pulmonary arterial hypertension (PAH), PH due to left heart 

disease, PH due to lung disease, PH due to blood clots in the lungs and PH due to other 

disorders.  SSc is most often associated with PAH, but we also see PH due to interstitial lung 

disease (PH-ILD) and PH due to left heart disease amongst these patients (2, 4, 29). 

PAH is caused when the lung arteries become narrowed, thickened or stiff, making it harder 

for the right side of the heart to push blood through these arteries. The extra stress can cause 

the heart to lose its ability to pump enough blood through the lungs and meet the needs of the 

body. PH-ILD is when the elevated pulmonary pressure arises in SSc-ILD and other lung 

diseases, such as COPD, sarcoidosis, hypersensitivity pneumonitis and idiopathic pulmonary 

fibrosis.  It has been suggested that PH is a common complication to ILD, but there is little 

evidence available to date. In a study from Norway we found a cumulative prevalence of PH 

in SSc-ILD of 32% (23). PH-ILD can adversely affect patient outcome.  
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Figure 3:  World Health Organization (WHO) classification of pulmonal hypertension 

The figure shows an overview of the clinical classification of PH, and how the 5 main groups are divided 

into different subgroups based on aetiology. 

 

PH is defined by the European Society of Cardiology (ESC) criteria which requires an mPAP 

≥ 25mm Hg assessed by an RHC to get the diagnosis. However, to be categorized as a normal 

mPAP the pressure should to be between 14 mmHg and 20 mmHg (4, 5), giving a group with 

a so-called borderline elevation of their pressure with an mPAP between 21-24 mmHg. The 

impact this pressure has on long term prognosis and development is not yet certain, but some 

studies imply that the mortality risk related to having a borderline pressure is increased 

compared to the ones with an mPAP within the normal range. The picture below illustrates 

how an increased mPAP is related to mortality, according to a large patient cohort with US 

veterans (30). 
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Figure 4: Association between mPAP and mortality  

  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
The adjusted ratio for mortality according to mean pulmonary artery pressure (mPAP). The hazard ratio for 
all-cause mortality is plotted for mPAP between 11 and 60 mmHg. 
 

About 10% of the SSc patients develop PAH (31), which besides lung fibrosis represent the 

most frequent cause of death in this population (32). In a recent Norwegian study, they found 

that 11% of the SSc patients had PAH or PH-ILD diagnosed by RHC (figure 5) (13). 

 

Figure 5: Norwegian cohort study: Division of patients into groups based on their mean 

pulmonary arterial pressure (mPAP) and PCV 

 

 
 

 

 

 

 

This figure shows how the 190 patients included in this study divided into different groups of PH based on 

their mean pulmonary arterial pressure and PVC. 

 

PAH is considered to be a late complication of SSc (33), and previous studies show that the 

duration between diagnosis and onset of PAH varies between 9,1 ±  6,6 and 14 ±  5 years (11, 

34).  Studies also imply that patients with lcSSc are generally considered at greater risk of 

developing PAH than patients with dcSSc (35, 36). All subgroups of SSc are at risk of 
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developing PAH, but the risk factors strongly related to the condition are number of 

telangiectasias, reduced capillary nail fold density, anticentromere antibody, female gender, 

and Raynaud´s phenomenon of more than 3 years duration (37, 38). Previous studies have 

also shown that a lot of patients are in NYHA class II or III when diagnosed with PAH (31, 

39) which means that patients still get diagnosed at a late state and treatment is initiated too 

late.  A lot of the patients with SSc-PAH are asymptomatic at the time of diagnosis, and the 

lack of symptoms combined with high prevalence, poor survival and response to early 

treatment provides a rationale for screening this group (31, 40). 

 

Pathogenesis of PAH 
SSc-PAH is a proliferative vasculopathy that occurs as a consequence of progressive 

remodelling of the small- to medium-sized pulmonary blood vessels and all the layers in the 

vascular wall. The condition is characterized by vasoconstriction, cell proliferation, fibrosis 

and microthrombosis. The exact mechanisms of disease progression remain unclear, but it is 

believed that inflammatory processes and endothelial injury are common precursors (41). 

Functionally, the inflammation creates an imbalance between vasoactive, proliferative 

mediators and antiproliferative vasodilators within the endothelium (41). Modifying factors 

involved in the pathogenesis include increased endothelin levels, decreased nitric oxide levels 

and/or decreased prostacyclin levels, and the available treatment today affect these exact 

pathways.  

 

Figure 6:  Signalling pathways in PAH-related remodelling of blood vessels 

 

 

 

 

 

 
 

 

PAH is characterized by upregulation of vasoconstricting endothelin 1 and decreased production of 

vasodilatory nitric oxide and prostacyclin. These signalling pathways are crucial therapeutic target for 

PAH.  
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Figure 7: Pathology and clinical impact of SSc-PAH  

 

 

 

 

 

 

 

 

 

 
 

 

 

Schematic representation of pathogenesis and pathology in SSc-PAH. PAH is characterized by 

vasoconstriction, cell proliferation, fibrosis and micro thrombosis, making a challenging array of organ-

based complications that define the burden and impact of disease.  

 

Outcomes of coexistent PH in SSc 
Precapillary PH has a major impact on patients’ quality of life and often takes a rapid and 

devastating course. Within the last two decades, pulmonary fibrosis and PAH have become 

the leading causes of morbidity and mortality in SSc patients, accounting for up to 60% of 

disease-specific mortality (2). It is shown that patients with SSc-related PAH have worse 

prognosis than patients with idiopathic PAH (42, 43), partly due to coexisting interstitial 

pneumonitis and decreased pulmonary reserve complicating the diagnosis.  

If left untreated, SSc-PAH has a median survival time of only 1 year following diagnosis (42), 

and since the benefit of treatment seems to be better the sooner it is initiated, it is important to 

diagnose these patients early. Survival has improved somewhat during the past decade, and 

varies between 47% and 56% at 3 years, most likely due to regular screening and the 

development of PAH-specific medications (31, 44). The outcome is still devastating, 

especially regarding the relatively young age of these patients. This emphasizes that 

identifying patients with a milder form of the disease would allow earlier management and 

most likely better outcomes. The figure below shows the number of deaths amongst SSc-PAH 

patients and patients with other organ manifestations (2). 
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Figure 8: Association between organ manifestation and deaths 

This figure shows the number of deaths in light of different organ manifestations, and how they have 

developed the last 50 years (2).  

 

Diagnosis of PH 
The symptoms of PH are non-specific and mostly related to progressive heart failure. Patients 

first notice shortness of breath, fatigue, angina and syncope, normally induced by exertion at 

first. Clinical examination might give you a clue about underlying cause of PH, which in SSc 

cases often include telangiectasia, digital ulcers and sclerodactyly. 

Patients with PH usually have a mild to moderate reduction of lung volumes related to the 

severity of the disease (45, 46). We often see a decreased lung diffusion capacity for carbon 

monoxide (DLCO), and a DLCO < 45% of predicted value is associated with a poor 

prognosis (45, 46). 

Echocardiography is proposed as a screening tool and recommended to be conducted on an 

annual basis in all SSc patients. It is used to estimate systolic PAP from continuous wave 

Doppler measurements and should always additionally be performed when PH is suspected 

clinically and before referral to RHC (Figure 9). 
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Figure 9: Echocardiographic four chamber view 

An echocardiogram provides information about size and shape of the heart, as well as the heart´s function. 

This still picture from an echocardiography shows left and right atria (RV and RA), left and right ventricles 

(LA and LV) and the interventricular septum (IVS) 

 

However, echocardiography alone is not enough to diagnose PH and also as a screening tool it 

is rather unspecific and has low sensitivity. Studies done by Fisher et al. and Arcasoy et al. 

(47, 48) showed that of all the patients getting an annual echocardiography screening, more 

than half of the pressure estimations were found to be inaccurate (more than 10mmHg 

difference compared with measure pressure). Only 40% of all patients revealed the accurate 

pressure (figure 10). The echocardiographic results aim to assign a level of probability of PH 

and are required to determine the need for an RHC in individual patients.  

 

Figure 10: Modified overview based on research on echocardiographic assessment of PH  

This bargraph shows the accuracy of doppler echocardiography in the hemodynamic assessment of 

pulmonary hypertension, based on results from research done by Fisher et al, and Arcasoy et al (47, 48).  
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Blood tests are not helpful when it comes to diagnosing PH but can be used to identify the 

aetiology and end organ damage. N-terminal pro-brain natriuretic peptide is an important 

circulating biomarker in cardiac diseases, and measurement of plasma levels of NT pro-BNP 

is a useful component of screening for PAH in SSc.  

 

PH diagnosis is made by an RHC, the gold standard, where PH is defined as an mPAP ≥ 25 

mmHg at rest. PAH is a precapillary PH and requires therefore a pulmonary artery wedge 

pressure (PAWP) < 15 mmHg. Direct measurements that can be obtained from an RHC are 

intracardiac pressure in the right atrium (PAR), pulmonary arterial pressure (PAP), Cardiac 

output (CO), mixed venous oxygen saturation (SvO2) and PAWP, among others. RHC can 

also indirectly measure pulmonary vascular resistance (PVR) and Cardiac index (CI). PVR 

needs to be > 3 Wood units (WU) for the diagnosis of PAH (4). 

 

Figure 11: Haemodynamic definitions of pulmonary hypertension 

This table shows how PH are divided into different subgroups according to mPAP and PAWP (PVC). This 

differation is important as it narrows the differential diagnosis and has treatment implications 
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Treatment of PH 
The aetiology and pathogenesis of SSc are not well understood, and as a result, treatment of 

these conditions is difficult and incomplete. The treatment options we have today are not 

curative, and management of the disease needs to be tailored to the individual patient, taking 

into account the disease subset and type of internal organ involvement.  Determining disease 

subset is important because the patients with dcSSc are more likely to also have involvement 

of internal organs, while patients with lcSSc generally have prominent vascular 

manifestations. In general, patients with SSc are treated with organ-based symptomatic 

therapies.  

 

When it comes to the management of PH, it is important to start treatment early because 

advanced disease may be less responsive to therapy (49, 50). Primary treatment is directed at 

the underlying cause of PH, such as specific medications for a heart disease in group 2 PH. 

Patients with fluid retention from PH-related right ventricle failure (RV) may benefit from 

diuretics. Oxygen therapy is the cornerstone when treating patients with group 3 PH, and 

oxygen administration should be considered for all these patients. 

For PAH several treatment options are available, such as prostanoids, endothelin receptor 

antagonists (ER-1), phosphodiesterase 5 inhibitors (PDE5-i) or soluble guanylate cyclase 

stimulants. This treatment should not be administered unless a diagnostic RHC and extensive 

investigations for the aetiology of PH have been performed, and the disease severity should 

be regularly reassessed to determine whether advanced therapy is indicated.  
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Figure 12: Treatment algorithm for pulmonary arterial hypertension 

This flow diagram shows an evidence-based treatment algorithm for pulmonary arterial hypertension 

patients (group 1 only). 

 

Risk stratification 

Patients with PH should be assessed regularly, and the most important questions to answer 

each follow-up are 1) is there any evidence of clinical worsening since the last visit, 2) If so, 

is the worsening caused by progression of PH or a coexistent illness, 3) is the right heart 

function stable and sufficient and 4) is the current status compatible with a good long-term 

prognosis? In order to answer these questions, the basic follow-up programme should include 

determination of exercise capacity with O2 assessment (6MWD or CPET), information about 

right heart function (NT pro-BNP and/or echocardiography), signs of disease progression, 



 19 

NYHA class, complications and co-morbidities. The variables may be used to guide 

therapeutic decisions and provide prognostic information.  

The assessment described above has been included in a standardized form to evaluate the risk 

of PAH, and the patients are classified as a low, intermediate or high risk for clinical 

worsening or death. The goal is to keep patients in the low risk subgroup or to get patients 

into the low risk subgroup with help of treatment.  

 

Figure 13: Risk assessment in pulmonary arterial hypertension 

This table shows how patients are divided into different groups on the basis of different clinical parameters.  

 

Aims of this study 
The aim of this study was to: 

1. Characterize all SSc patients at Oslo University Hospital that have performed an RCH  

2. Assess how many of the SSc patients had a normal mPAP, borderline PH and fully 

developed PH 

3. Determine the frequency of PH development in SSc patients with normal or borderline 

PH at first RHC during the follow-up period 

4. Elucidate SSc patients´ long term outcome (mortality)  
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Method 
The SSc OUH- cohort 
All hospital databases at Oslo university hospital (OUH) have been regularly screened to 

identify new eligible patients since 2008. These patients have ICD-10 (International 

Classification of Diseases) diagnoses compatible with SSc; M34.0, M34.1, M34.2, M34.8 or 

M34.9. All the patients have been continuously registered in Norwegian Systemic Connective 

Tissue Disease and Vasculitis Registry (NOSVAR), which is owned by Oslo University 

Hospital and managed by the department of rheumatology. NOSVAR is used for research and 

quality assurance on rheumatic connective tissue diseases and vasculitis and the registry is 

approved by relevant authorities. All patients in NOSVAR have given written consent prior to 

registration, allowing their medical information to be used in research.  

 

Participants 
To be included in this particular study the patients needed to be diagnosed with SSc and 

registered in NOSVAR so that I was allowed to use their medical data. They were also 

required to have done an RHC showing normal or elevated pulmonary pressure, either a 

borderline mPAP (between 21-24 mmHg) or a resting PH (mPAP ≥ 25). The first RHC had to 

have happened between the 1.1 2000 and 31.12 2018.  

 

Study design 
I have performed a prospective cohort study with longitudinal data assessment with posthoc 

analyses based on the patients registered in NOSVAR that fulfilled the criteria above. 

I have carefully reviewed all the current patients´ medical journal and collected clinical data 

and available assessments from RHC, echocardiography and PFTs. I started collecting data 

the first time the patients were detected with an elevated pressure (>21 mmHg) and followed 

them for 5 years or until death, with new data registrations every 6 month (+/- 3 months). This 

means I had 10 follow-up registrations at most.  

 
Clinical characteristics and demographics collected 
The patient´s gender, age, time of SSc diagnosis, onset of non-Raynaud´s symptom (nRP), 

SSc-related antibodies, and SSc subtype were registered for every patient at the time of 

diagnosis (baseline). Their clinical history was then collected from the patient´s medical 

journal at follow up consultations every 6 months. The parameters included were progression 
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of symptoms, syncope, NYHA class, NT pro-BNP, 6-min walking distance test (6MWD), 

echocardiography, spirometry, PAH progression, hospitalization, medical information, use of 

long-term oxygen therapy (LTOT) and any development of clinical right heart failure. 

Patients’ medication were also registered, including diuretics (Furix, Burinex, Spirix), 

Endothelin receptor antagonists-1 (ER-1) (Tracleer, Volibris, Opsumit), Phosphodiesterase 5 

inhibitors, PDE5-i(Sildenafil, Revatio, Viagra) and  Prostacyclin 1, PGI1 (Upravi, Fiolan) as 

shown in Table 1.  

PH had been assessed and controlled systematically with an RHC, and measurements from 

these procedures were also gathered every 6 months if available. Pulmonary function was 

thoroughly measured by lung function tests including spirometry and gas diffusing capacity. 

Recorded variables were FVC and DLCO, expressed in absolute values and percentage of 

predicted. All data was collected from patient medical journals and manually entered into a 

computerised file. The clinical variables, demographics and assessments are presented in 

Table 1.  

 

Table 1: Clinical, demographic and assessments collected by chart review in all SSc patients 

from the Oslo University Hospital systemic sclerosis patient cohort  

Data collected  Time for assessment 

Clinical assessment   

 Age Baseline 

 Gender Baseline 

 Time of SSc diagnosis Baseline 

 Onset of non-RP Baseline 

 SSc-related antibodies Baseline 

 SSc subtype Baseline 

Right heart catheterising (RHC)   

 Mean pulmonary arterial 

pressure (mPAP) 

Every 6 months 

 Pulmonary vascular resistance 

(PCV/PVR) 

Every 6 months 

 Cardiac Output (CO) Every 6 months 

 Cardiac Index (CI) Every 6 months 
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 Pulmonary arteriolar resistance 

(PAR) 

Every 6 months 

 Right atrial pressure (RAP)  Every 6 months 

 Mixed venous oxygen 

saturation (SvO2) 

Every 6 months 

Treatment   

 Diuretics Every 6 months 

 Endothelin receptor antagonists-

1 (ER-1) 

Every 6 months 

 Phosphodiesterase 5 inhibitor 

(PDE5-i) 

Every 6 months 

 Prostacyclin 1, PGI1 Every 6 months 

Risk stratification   

 Progression of symptoms Every 6 months 

 Syncope Every 6 months 

 NYHA class Every 6 months 

 NT pro-BNP Every 6 months 

 6 min walking distance 

(6MWD) 

Every 6 months 

 Echocardiography Every 6 months 

 Spirometry Every 6 months 

 PAH progression Every 6 months 

 Clinical right heart failure Every 6 months 

 Hospitalization Any time 

 Medical information Any time 

 Use of long-term oxygen 

therapy (LTOT) 

Any time 

 

Outcome measures 
By carefully reviewing the NOSVAR and patients medical journal, I was able to identify all 

the SSc patients at Oslo University Hospital who had performed an RCH. To characterize and 

assess how many of them had a normal mPAP, borderline PH and fully developed PH at 

baseline (aim 1 and 2) I went through the patients´ first RHC records and put the variables 
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into a computerized datafile. I then used statistical programs to determine the frequency of PH 

development in this population during the follow up period (aim 3). The vital status at the end 

of the study and the causes of death were based on information from the patients´ medical 

journal (aim 4). 

 
Statistical analysis  
Analysis were performed with SPSS software. Descriptive data are presented as numbers or 

percentage, mean with standard deviation (SD). I used descriptive statistics to describe the 

characteristics of this cohort, and crosstabs comparing variables and displaying their 

relationship. The function split file was used to repeat analyses for groups separately. Kaplan-

Meier curves were made to estimate the survival for each group of patients. Lastly, I used 

Endnote to sort my references. 

 

Results 
The SSc OUH-cohort 
In the initial stage, we searched in NOSVAR database and identified 525 patients registered 

with ICD-10 diagnoses compatible with SSc; M34.0, M34.1, M34.2, M34.8 or M34.9. We 

then identified all patients that had conducted an RHC, either registered in NOSVAR or by 

the procedure code in the hospital database. After excluding patients that had not done an 

RHC examination, we were left with a cohort of 201 cases who had clinical SSc and met the 

study´s inclusion criteria.  

 

Outcome measures 
 
Characteristics and prevalence of normal, borderline PH and PH 

In this study we included a total of 201 patients with one or more registered RHC; 158 

women (79%) and 43 men (21%). Their mean age at their first RHC was 60, 3 years (SD 

11,3). SSc subgroup was registered in every patient, of which 79% had lcSSc and 20% had 

dcSSc. The last 1% had SSc sine scleroderma, which is SSc without skin affection. We also 

tested for different antibodies and the frequencies of ACA, ATA and Anti-RNA polymerase 

(RNAP) are shown in table 2.  
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Table 2: Demographics and clinical assessment collected at baseline for every patient. Values 

registered at baseline. 

 Total 

(n=201) 

Normal 

(n=81) 

Borderline 

(n=38) 

PH 

(n=70) 

Gender (F), n(%) 158 (78,6) 57 (70,3) 28 (73,7) 51 (72,9) 

Age at first RHC, mean (SD) 61,0 (11,5) 58,4 (11,6) 61,0 (11,0) 63,3 (11,4) 

Time from SSc diagnosis to 

RHC  1, years (SD) 

6,3 (7,9) 6,9 (8,4) 7,5 (8,0) 5,1 (7,5) 

Time from non-RP to RHC 1 9,0 (8,3) 9,9 (8,6) 9,5 (8,5) 8,2 (8,1) 

ACA positive 100 (49,8) 38 (26,9) 17 (44,7) 39 (55,7) 

ATA positive 30 (15,0) 12 (14,8) 9 (23,7) 8 (11,4) 

RNAP positive  22 (10,9) 6 (7,4) 8 (21,1) 7 (10,0) 

SSc subtype (LcSSc), n (%) 143 (78,6) 55 (82,1) 22 (61,1) 59 (86,8) 

 

We excluded 12 (6%) of the 201 patients due to postcapillary PH at baseline. Of the 

remaining 189, 70 patients (34%) had already established a fulminant pre-capillary PH. This 

left us with 120 patients with normal or borderline mPAP, of which 55 (46%) had 1 or more 

follow up RHC that allowed us to track their development. These patients were carefully 

followed, and the development of pulmonary pressure registered longitudinally. The 

development from normal pressure or borderline PH to PH until their last follow up RHC is 

shown in Table 5.  The numbers include all precapillary PH, including PAH and PH-ILD, and 

do not differentiate between these two groups of PH. The characteristics of the different 

groups (normal, borderline PH and PH) were quite similar, but the PH group comprised more 

ACA positivity, and were marked by older age at onset, more lcSSc and a shorter disease 

duration from SSc diagnosis to PH diagnosis (Table 2). 

 

Risk stratification at baseline 
 
Table 3: Demographics and clinical assessment collected every 6 months for every patient 
 Total 

(n=201) 

Normal 

(n=81) 

Borderline 

(n=38) 

PH 

(n=70) 

NYHA class, mean (SD) 2,4 (0,9) 2,0 (0,8) 2,0 (0,7) 2,9 (0,7) 

NT pro-BNP, mean (SD) 222,1 (930,7) 62,8 (106,83) 97,2 (166,7) 225,4 (289,6) 
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6 min walking distance (6MWD), 

mean (SD) 

396,7 (184,2) 459,2 (177,0) 453,1 (152,6) 326,4 (179,1) 

Echocardiography (sPAP),  

mean (SD) 

45,9 (22,6) 29,4 (13,8) 40,0 (15,4) 64,1 (20,0) 

Spirometry: FVC, mean (SD) 89,7 (24,1) 94,4 (24,8) 93,0 (22,7) 85,4 (22,3) 

Spirometry: DLCO, mean (SD) 52,1 (19,1) 61,7 (18,9) 54,6 (16,0) 40,7 (15,3) 

 

We did not perform a detailed risk stratification, but the numbers in table 3 indicate a clear 

pattern of worse scores for PH patients compared to borderline PH and normal pressures. 

Some variables, e.g. NYHA class, NT pro-BNP, 6MWD and FVC are relatively similar in the 

normal and borderline group, while the values compared to the PH group are noticeably 

worse. We can see an increase in NYHA class from a mean value of 2,0 in the normal and 

borderline patients to almost 3 in the PH. The NT pro-BNP levels increase from around 60 to 

above 200, while the 6MWD decrease from 459 to 326, which is almost 30% less. While the 

FVC does not seem to be affected in the development of PH, the mean DLCO decline from 

61,7 to 40,7 in respectively normal and PH group. In general, we see that in all the collected 

variables there is a negative development from a normal mPAP to PH.  

 

Development of PH over the study period 

We followed the patients who started out with a normal or borderline PH (n=55) for 5 years 

or until death and wanted to see how their mPAP developed through the course of the disease. 

Of the 32 patients that had a normal pressure at baseline, 44% stayed within this group, 27% 

developed borderline pressure and 30% established PH during our follow up of 5 years (table 

4). Of the 22 patients with a borderline mPAP at baseline, 18% fell back to having a normal 

mPAP, 36% remained the same and 46% of them developed a fulminant PH during the study 

period. These numbers are showed in the table below, and the development illustrated 

happened in an average of 34 months (SD 27,8).   

 

 

 

 

 

 



 26 

Table 4: The number of patients with normal, borderline or PH at baseline and at their last 

registered right heart catheterization (RHC) 

 Baseline RHC  

Follow up RHC Total (n=55) Normal (n=33) Borderline (n=22) 

Normal, n (%) 18 (32,7) 14 (43,8) 4 (18,2) 

Borderline, n(%) 17 (30,9) 9 (27,3) 8 (36,4) 

PH, n(%) 20 (36,4) 10 (30,3) 10 (45,5) 

The table shows the number of patients that developed from a normal or borderline pressure to a borderline 
or PH from baseline to the last registered RHC. The group of patients with PH at baseline is excluded. 
 

The mean values from the patients´ last registered RHC are presented in Table 5. The 

characteristics showed that although mPAP and PAR increased by definition, the CI and CO, 

RAP and SvO2 were similar. 

 
Table 5: Mean values from the patients´ last registered RHC 
 Total (n=55) Normal (n=18) Borderline (n=17) PH (n=20) 
mPAP, mmHg (SD) 25,6 (11,9) 16,6 (3,0) 19,1 (4,0) 20,3 (2,9) 
PCV, mmHg (SD) 9,12 (6,3) 8,9 (7,2) 8,3 (2,6) 6,8 (3,7) 

CO, l/min (SD) 5,3 (1,6) 5,5 (1,5) 5,2 (1,0) 5,8 (1,9) 

CI, l/min/m2 (SD) 3,0 (0,7) 3,1 (0,7) 3,0 (0,5) 3,0 (0,8) 

PAR, Wood (SD) 3,6 (3,5) 1,8 (0,8) 2,1 (0,8) 3,2 (2,7) 
RAP, mmHg (SD) 5,1 (3,5) 3,8 (2,7) 4,7 (2,0) 3,8 (2,4) 

SvO2, %(SD) 70,0 (9,0 73,4 (6,5) 72,2 (4,5) 72,1 (5,0) 
The table shows the mean values within the different groups at their last registered RHC.  

 

Mortality 

The cumulative survival is elucidated with Kaplan Meyer curves; 77 (38%) of the patients 

included died during the study period, and the survival of all the different groups is illustrated 

below. Survival is registered in months from the first RHC (baseline).  
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Figure 14: Survival from baseline for patients with normal, borderline, PH and postcapillary 

PH registered at their first RHC 

Figure 14 shows the cumulative survival in months among the different groups according to their mPAP at 

their first RHC.  
 

The curves above outline how different the survival rates are among the different groups. 

Postcapillary PH seem to follow the precapillary PH curve, but there are few events and the 

data should be interpreted with caution. It seems like the borderline group follows the PH 

group the first 2 years (24 months), then after 2 years trails the normal mPAP subgroup. After 

almost 5 years (50-month mark), the cumulative survival in PH patients is 60%, while 

respectively 80% and 75% of the normal and borderline subgroups are still alive.  
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Figure 15: Survival in months from baseline based on the patients´ last registered RHC 

In this figure, the group that had PH at baseline is excluded, and the curves illustrates the survival among 

2the patients that started out with normal or borderline pressure and either stayed in the respective group or 

developed an increased mPAP throughout the study period. 
 
In Figure 15 we see the cumulative survival of the patients that started with normal or 

borderline pressure and had at the follow up RHC either normal, borderline or fulminant PH. 

The different curves show how a change from normal or borderline pressure to borderline or 

fulminant PH during the study time influenced the survival outcome. After 5 years (60 

months) the patients that remained in normal or borderline group had a cumulative survival 

around 95%. Within the group that developed a fulminant PH the survival was only 70% in 

the same period of time. 36% of the patients that started with a normal or borderline pressure 

developed PH during the follow up (table 5), and this had a noteworthy influence on their 

survival outcome.  

 

Discussion 
PH is the leading cause of SSc-related mortality. Previous studies have focused on patients 

with fulminant PH (mPAP > 25mmHg) and their prognosis is well documented. However, the 

recent modest improvement in survival raises question whether earlier diagnosis and 
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treatment of pre-PH (mPAP 21-25 mmHg) will improve these patients´ outcomes, and it is 

therefore interesting to follow them and examine their development.  

 

Prevalence, characteristics and risk stratification  
In this study we found that out of 201 patients included, 158 (79%) were women and 43 

(21%) were men. This is similar numbers to what they have found in other studies, e.g. a 

study made by Bae S. and co-workers (51), where 85% of the study population were women. 

In the same study they found that 63% had limited cutaneous SSc, which is a little less than 

we detected in this study, where lcSSc was found in 79% of the population. This number is 

more or less the same as in a study made by Valerio C, et al (52). The percentage of lcSSc 

was highest in the PH group, which support the notion about lcSSc patients being considered 

at greater risk of developing PAH than the patients with dcSSc (35, 36). Antibody status in 

this study was also similar to previous findings. Almost 50% of the total study population 

were ACA positive and compared to the study made by Valerio C. and colleagues, 45% of 

their study population tested positive for ACA.  

	

Risk stratification 

In this study we found a clear pattern in the clinical variables collected. Overall, we saw a 

worsening trend in the variables among the patients with normal, borderline and PH, with an 

increase in NYHA class and NT pro-BNP levels, and a decrease in 6MWD and DLCO from 

normal to PH. This pattern is also found in the study made by Bae S. and co-workers, where 

the resting PH group had worse DLCO and 6MWD compared with patients with mPAP less 

than 25 (51). This emphasize the previous statement about a decreased DLCO is reckoned as 

a risk factor for developing PAH, and that a lot of patients are in higher NYHA classes when 

they are diagnosed with PAH (31, 39). 

 

Development of PH 

The combined rate of normal and borderline patients developing PH during the study period 

was 36% over 3 years. This is a bit higher than results from previous studies. In a study made 

by Kovacs and Olschewski et al they found that the rate of borderline patients developing 

PAH was 19% after 3 years and 27% after 5 years (6). Another study made by Kovacs and 

co-workers (53) found that 50% of the borderline patients and 10% of the patients with a 

normal mPAP developed manifest PH during the study period of 5 years. Valerio and co-
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workers found that 18% of the patients with borderline mPAP progressed to PAH during a 3 

year follow up (52).  

In our study, the percentage of patients developing fulminant PH was higher in the borderline 

group than in the normal group, respectively 46% and 30%. This was also established in a 

previous observational study where patients meeting the prespecified criteria for repeat RHC 

were more likely to progress to PH if borderline mPAP was present at baseline (52). The 

same was detected in a study made by Bae and colleagues, where 55% of borderline group 

and 32% of the normal group developed resting PH (51). In this study we also need to 

consider the fact that the group with borderline mPAP also had more PH-ILD. Another study 

made by Schreiber and colleagues showed similar results, and even though the numbers differ 

slightly in different studies they all support the notion that patients with borderline mPAP 

have a high risk of developing PAH only within a few years and should therefore be carefully 

monitored.  

 

Mortality 

This study showed clearly reduced survival in patients that presented with PH or developed 

PH during the study period. Among the patients that had a normal mPAP, 80% was still alive 

after 50 months. Within the same time frame, 70-75% of those who started with a borderline 

mPAP were still alive. In patients having a resting PH at baseline, only 60% were still alive 

after the same amount of time.  

The absolute best survival rate was found in patients that started with normal or borderline 

pressure and stayed within this group during the study period. More than 90% of these 

patients were still alive after 5 years. Interestingly, the outcome of patients with normal 

pressure compared to stable borderline PH did not differ much. In comparison, the survival in 

patients that started with a normal or borderline mPAP and developed PH during the study 

period, only 70% lived after 5 years. Although the numbers from this study pull in the same 

direction, we need to consider the fact that there are quite few events in some of the groups, 

which makes it hard to draw any conclusion.   

However, there are other studies showing the same development. In a study made by Kovacs 

and colleagues, the proportion of patients dying within 4 years was higher in patients with 

borderline mPAP than in those within the normal group (53). In 4 years, 96% of the normal 

group lived, whereas 81% of the borderline group was still alive. We do not identify the exact 
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same outcome in this particular study after the same amount of time, but it is of importance to 

highlight that the number of included patients and events were rather few (Figure 15). 

Strengths and weaknesses  
This study has several strengths. First, it is a longitudinal study in SSc patients with registered 

data for several years. It is designed to describe the differences between the development in 

patients with normal mPAP and borderline mPAP, including baseline- and follow up RHC for 

every patient.  NOSVAR is the biggest registry for connective tissue diseases and vasculitis in 

Norway with over 3000 patients included giving us a quite big group of patients to enrol in 

this study.  

 

There are still some limitations. The fact that this is a retrospective observational study makes 

it impossible to avoid some data missing. There are also a different number of patients and 

follow up RHC in each group, which makes it harder to draw hard conclusions based on their 

development. Due to the small numbers we did not segregate between PAH and PH-ILD 

which may have influenced the results. Lastly, some patients received treatment during the 

study period, and the treatment decisions were based on the choice of the treating physician, 

giving limited homogeneity.  

 

Conclusion 

In conclusion, patients with normal or borderline pressure at baseline frequently develop 

fulminant PH during our follow up of 5 years. These patients are already marked at baseline 

by more dyspnea and higher NTpro-BNP levels, lower functional capacity and lung function. 

Importantly, fulminant PH and borderline pressure developing into PH are both associated 

with high mortality; significantly higher than borderline patients staying within this group and 

not developing PH. These results indicate the importance of identifying the patients at risk of 

developing PH at an early stage and monitor them carefully to improve their long-term 

outcome. 
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