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Pulmonale	  Beteiligung	  bei	  SCL	  
•  Direkt:	  
	  	  	  	  	  intersAAelle	  Lungenerkrankung	  (ILD)	  
	  	  	  	  	  Lungengefäßerkrankung	  	  	  	  	  	  	  	  	  	  	  	  	  (PAH)	  
	  
•  Indirekt:	  
	  	  	  	  	  pleurale	  Beteiligung	  
	  	  	  	  	  Thrombembolien	  
	  	  	  	  	  AspiraAon	  und	  AspiraAonspneumonie	  
	  	  	  	  	  medikamenteninduzierte	  PneumoniAs	  
	  	  	  	  	  Beteiligung	  der	  Atemwege	  
	  	  	  	  	  Lungenkarzinom	  
	  	  	  	  	  Atemmuskelschwäche	  
	  	  	  	  	  RestrikAon	  durch	  Entzündung	  der	  Haut	  
	  	  	  	  	  sekundäre	  PH	  durch	  Herzmuskelbeteiligung	  
	  	  	  	  	  

Können	  einzeln	  oder	  gemeinsam	  
vorhanden	  sein!	  
(für	  60%	  der	  Todesfälle	  bei	  SCL	  verantwortlich)	  
Steen,Ann	  Rheum	  Dis	  2007;66:640ff	  



PAH	  und	  PH	  
•  PAH	  ist	  die	  häufigste	  Form	  der	  Gefäßerkrankung	  bei	  Sklerodermie-‐	  

Gruppe	  1	  der	  WHO	  
	  	  	  	  	  	  (idiopathische	  PAH	  und	  PAH	  bei	  rheumaAschen	  Erkrankungen	  und	  Kollagenosen)	  
	  	  	  	  	  	  	  	  definiert	  –	  mPAP	  >	  25	  mmHg,	  PCWP	  <15	  mmHg	  PGW	  	  >	  3	  Wood	  in	  Ruhe	  
	  	  	  	  	  	  	  	  Prevalenz:	  7-‐13%:	  bei	  lcSSc	  (CREST)	  9,2%,	  bei	  dcSSC	  5,8%	  (Rechtsherzkatheder)	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Eular-‐	  scleroderma	  Trial	  and	  Research	  database)	  

•  PH	  bei	  Linksherzbeteiligung	  und	  diastolischer	  DysfunkAon-‐Gruppe	  2	  der	  
WHO	  

	  	  	  	  	  	  	  definiert-‐	  mPAP	  >	  25	  mmHg,	  PCWP	  >	  15	  mmHg	  

•  PH	  verursacht	  durch	  die	  Hypoxie	  bei	  Lungenfibrose-‐Gruppe	  3	  der	  WHO	  
	  	  	  	   	  	  definiert-‐	  mPAP>	  25	  mmHg,	  PCWP	  <	  15	  mmHg,	  hochgradige	  RestrikVon	  in	  der	  	  	  	   	  	  	  	  	  	   	   	  

	  	  	  LungenfunkAon	  und	  hochgradig	  eingeschränkte	  DLCO	  

•  	  PVOD:	  seltene	  Form,	  ca.	  10%	  der	  PAH	  	  
	  	  	  	  	  	  	  	  typische	  KonstellaAon	  (	  CT:	  zentrilobuläre	  GG,	  verdickte	  Septen,	  Pleuraerguß,	  pulm.	  	  	  	  	   	  	  

	  	  	  Stauung	  	  	  	  und	  Lymphadenopathie,	  	  schwere	  Hypoxie	  im	  6minWT)	  auch	  medikamenteninduziert,	   	  	  	  	  
	  	  	  geneAsch.	  

•  Und	  KombinaVon	  dieser	  3	  Formen!	  
	  
	  



Risikofaktoren	  
•  Ältere	  PaAenten	  
•  Schwere	  Raynaud	  SymptomaAk/ausgeprägte	  digitale	  UlzeraAonen	  
•  Diagnose	  einer	  lcSSC	  (CREST)	  
•  Verminderte	  Dichte	  an	  Nagelbeetkapillaren	  und	  mehr	  

Teleangiektasien	  
•  AnAkörperprofil:	  anA-‐U3	  Ribonukleoprotein	  AK,	  anA-‐Topoisomerase	  II	  alpha	  AK,	  

anAzentromer	  AK,	  anV	  SCL70	  dagegen	  häufiger	  mit	  progressiver	  ILD	  und	  seltener	  mit	  PAH)	  

Typischer	  SSc-‐PAH-‐	  PaVent:	  
	  	  	  	  	  Ist	  älter,	  
	  	  	  	  	  	  schwerer	  	  krank	  	  
	  	  	  	  	  	  und	  weiblich	  im	  Vergleich	  zur	  idiopathischen	  Form	  der	  PAH	  



Pathogenese	  
•  Ist	  nach	  wie	  vor	  unklar	  
•  Ursprünglich	  ist	  die	  Beschädigung	  des	  Endothels	  mit	  subsequenter	  

Apoptose,	  Entzündung	  und	  DysregulaVon	  der	  Angiogenese	  
•  Folge	  ist	  ObliteraVon	  der	  Arterien	  und	  Einengung	  durch	  die	  

Fibrose	  
•  PaAenten	  mit	  SSc-‐PAH	  haben	  Veränderungen	  des	  zellulären	  und	  

humoralen	  Immunsystems:	  
•  Lungengewebe	  von	  diesen	  PaAenten	  zeigt	  ein	  up-‐RegulaAon	  der	  Gene	  die	  für	  die	  

AnAgenpresentaAon,	  Chemokine	  und	  Methallothionen	  Expression	  (Hypoxie	  induzierte	  
Vasopression)	  ähnlich	  der	  IPAH	  

•  Endothelin-‐1	  (potenter	  Vasokonstriktor)	  
	  	  	  	  	  	  und	  IL-‐8	  sind	  erhöht	  

•  MuskularisaAon	  der	  kleinen	  pulmonalen	  Arteriolen	  	  
	  	  	  	  	  	  	  	  und	  Mediahypertrophie	  und	  InVmahyperplasie	  (Stadium	  I	  )	  
•  Endothelfibrose	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Stadium	  III	  )	  
•  GefäßproliferaAon	  (plexiforme	  Läsionen)	  
	  	  	  	  	  	  	  	  	  und	  in	  situ	  Thrombosen	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Stadium	  IV	  und	  V)	  

	  

endothelin-1 (a potent vasoconstrictor), IL-8 (a chemokine
produced by pulmonary fibroblasts and alveolar macrophages)
and endoglin (a glycoprotein expressed by endothelial cells) are
seen in patients with SSc-PAH [106]. Growth differentiation
factor (GDF)-15 is a cytokine involved in cell growth and
differentiation, cell-to-cell signalling and apoptosis regulation
[107]. Levels of GDF-15 are elevated in patients with SSc-PAH,
correlate with pulmonary artery pressures and have increased
expression on the lung tissue of patients with SSc-PAH [108].

Echocardiography
Transthoracic echocardiography is the most widely used tool to
screen for PAH in SSc. The performance characteristics of
echocardiography depend on the population evaluated and the
cut-off used. Studies show that 55–86% of patients with an
echocardiography suggestive of PH (right ventricular systolic
pressure (RVSP) 30–40 mmHg or higher with or without
symptoms) will have PH on RHC [85, 109]. Higher cut-off
points for RVSP as well as incorporating other characteristics of
increased pulmonary pressures, such as increased right atrial or
right ventricular size, decreased right ventricular function or
reduced pulmonary artery acceleration times, increases the
specificity of echocardiography for the diagnosis of PH. False-
positive and -negative results regularly occur and tend to do so
in patients with mild disease; false-negative results have been
reported in patients earlier in the course of disease [85].

Radiology
Chest radiography is the least sensitive test for PAH but shows
the greatest specificity (up to 100% in one study) [88]. Findings
include enlargement of the right pulmonary artery (.1.1 cm),
loss of peripheral vasculature (‘‘pruning’’) and filling of the
retrosternal space by the right ventricle on the lateral images
[110]. Predictive findings on HRCT are the mean pulmonary
artery diameter and the ratio of the mean pulmonary artery
diameter to the ascending aorta diameter [111]. Abnormalities
in the pericardium, specifically thickening as measured by the
total pericardial score, are associated with echocardiographic
evidence of PAH [112].

Pulmonary function tests
Reductions in DL,CO are common in SSc; STEEN et al. [113]
found isolated reductions in DL,CO in 19% of all SSc patients,
but only a minority developed PAH. However, a moderate
reduction (DL,CO ,55% pred) in association with an FVC/
DL,CO ratio greater than 1.4% [113] or a DL,CO that is low or
declining in the absence of parenchymal lung disease predicts
the presence or future development of PAH [89, 111].
HACHULLA et al. [83] found that a DL,CO ,60% pred in the
absence of parenchymal lung disease was significantly
associated with PAH (OR 9.23, 95% CI 2.73–31.15). STEEN and
MEDSGER [91] found a significantly lower DL,CO in patients
with PAH (52% versus 81%, p,0.001) at an average of 4.5 yrs
before the diagnosis of PAH and found that a declining DL,CO

over 15 yrs strongly predicts the development of PAH.
UNGERER et al. [88] found that a DL,CO ,43% pred had the
greatest sensitivity of any single diagnostic test (67%).

Right heart catheterisation
RHC is the gold standard for diagnosis in SSc-PAH and must
be performed prior to initiation of treatment to confirm the

diagnosis of PAH, characterise the severity of disease and
assist with the selection of appropriate therapy. For example,
patients with elevation of right atrial pressures and decreased
cardiac output should be considered for intravenous or
subcutaneous prostanoid therapy, while those with less severe
disease may be considered for oral or inhaled therapy.

Pathology
Early autopsy studies found abnormalities in the pulmonary
vasculature in nearly 50% of patients with SSc [114], with
changes primary involving the small and medium muscular
arteries [115]. The primary findings are intimal fibrosis
(affecting the small distal vessels adjacent to the alveoli),
medial hyperplasia and adventitial fibrosis affecting the
pulmonary arterioles (fig. 5). This intimal fibrosis leads to
concentric obliterative lesions in pulmonary vessels and
luminal occlusion [116, 117]. Intimal fibrosis is also seen in
veins and venules and is occasionally associated with a
pulmonary veno-occlusive disease (PVOD) pattern [118].
Eccentric intimal fibrosis indicating previous thrombosis is
seen in a number of cases [118]. Plexiform lesions, commonly
found in IPAH and some forms of secondary PH, have been
observed in SSc-PAH by some investigators [117] but not
others [118]. The small vessel intimal fibrosis (with involve-
ment of the veins/venules), the presence of a PVOD pattern,
the presence of concentric laminar intimal fibrosis and the
paucity or absence of plexiform lesions sets SSc-PAH apart
from IPAH [118].

Treatment
There are currently a number of medications approved for the
treatment of PAH [119]. Medications include calcium-channel
blockers (nifedipine, diltiazem and amlodipine), prostacyclin
analogues (epoprostenol, iloprost, treprostinil and beraprost),
endothelin receptor antagonists (bosentan and ambrisentan)
and phosphodiesterase type 5 (PDE5) inhibitors (sildenafil and
tadalafil) [120]. While only one study to date has specifically
studied the impact of treatment in scleroderma (intravenous
epoprostenol in patients with SSc-PAH) [121], many studies
have included patients with SSc-PAH. Although none of these
studies have documented a survival benefit, many have

FIGURE 5. A pulmonary arteriole from a patient with systemic sclerosis-

associated pulmonary artery hypertension showing significant medial hypertrophy.
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Klinik	  der	  PAH	  
	  Symptome	  sind	  unspezifisch	  und	  deshalb	  wird	  Diagnose	  verspätet	  gestellt,	  	  	  	  	  	  	  	  	  	  	  	  	  	  
was	  vor	  allem	  bei	  SSc	  –PAH	  fatal	  ist!	  	  	  (2,5-‐3	  Jahre9	  
	  
Trias:	  
•  Belastungsdyspnoe,	  Müdigkeit	  
•  Atypischer	  Thorax	  Schmerz	  (subendokardiale	  Hypoperfusion,	  dyn.Kompression	  der	  

li.Koronararterie	  durch	  die	  ausgeweitete	  Pulmonalarterie)	  
•  Synkope	  unklarer	  ÄVologie	  	  (Verlust	  der	  Fähigkeit	  den	  CO	  unter	  Belastung	  zu	  erhöhen)	  
	  
	  
•  Periphere	  Ödeme	  durch	  zunehmende	  Rechtsherzinsuffizienz	  
•  Anorexie	  und	  Oberbauchbeschwerden	  rechts	  (Leberstauung)	  
•  Heiserkeit	  	  	  	  (Kompression	  des	  linken	  N.	  laryngeus	  recurrens	  durch	  die	  dilaAerte	  PA)	  

	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Unbedingt	  an	  Pulmonale	  Hypertonie	  denken!!!	  



DiagnosAscher	  Algorithmus	  



Screening	  
Das	  Screening	  ist	  für	  PaAenten	  mit	  Sklerodermie	  essenAell,	  da	  diese	  
PaAentengruppe	  von	  einer	  rechtzeiAgen	  Diagnose	  und	  Therapieeinleitung	  
extrem	  an	  Überlebenszeit	  gewinnt!	  
Welche	  Modalität	  macht	  Sinn?	  	  
	  	  	  	  Echokardiographie	  und	  LungenfunkAon	  	  (FVC/DLCO	  >1,4%)	  	  	  

	   	   	   	   	   	   	   	   	   	   	   	   	   	  	  

Pneumo Update 2014   Pulmonale Hypertonie 

DETECT 

• Screening  n=646 SSc seit >3J + DLCO<60% predicted 
• Eingeschlossen n=488 
• RHC n=466 

– PH n=145 (31%) 
• PAWP ≤ 15 mmHg n=87 (19%) 
• PAWP >15 mmHg n=30 (6%) 
• FVC < 60% or 60-70% without norm HRCT n=27 (6%) 

– No PH n=321 (69%)  
 

Coghlan et al. Ann Rheum Dis 2014;73:1340-1349  

40% nonPAH PH 

60% PAH 

Erster evidenz-
basierter 
Detektions-
algorithmus 

122 



Screening	  
Empfehlung	  der	  Arbeitsgruppe	  in	  Nizza	  und	  ERS/ESC	  Guidelines:	  
•  Alle	  PaAenten	  mit	  systemischer	  Sklerose	  sollten	  auf	  PAH	  untersucht	  

werden!	  
•  LungenfunkAon	  mit	  DLCO	  und	  Echokardiogramm	  sowie	  NT-‐pro-‐BNP	  
•  Diese	  Test	  sollten	  bei	  Sklerodermie	  jährlich	  wiederholt	  werden!	  
•  Empfehlung	  für	  Rechtsherzkatheder	  für	  PaAenten	  mit	  einer	  

Kollagenose:	  
•  Dyspnoe	  in	  den	  letzten	  3	  Monaten,	  unerklärte	  Dyspnoe,	  und	  Verschlechterung	  der	  Dyspnoe	  
•  Körperliche	  Zeichen	  einer	  Rechtherzbelastung	  oder	  Rechtherzversagen	  
•  Echokardiographie	  mit	  SPAP	  >	  45mmHg	  in	  Ruhe	  oder	  rechtsventrikuläre	  DilataAon	  
•  DLCO	  <	  50%	  bei	  fehlender	  Lungenfibrose	  

•  Wir	  führen	  ergänzend	  noch	  die	  Spiroergometrie	  durch,	  da	  	  gezeigt	  
werden	  konnte,	  dass	  die	  Echokardiographie	  in	  bis	  zu	  31%	  falsch	  
negaAve	  Ergebnisse	  bringt.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Kölner	  Konsensus	  Empfehlung)	  



Risikobeurteilung	  
ERJ	  2015;46:903-‐975	  ESC/ERS	  Guidelines	  Nazzareno	  Galie,	  Marc	  Humbert	  

factors, such as the rate of disease progression and the presence or absence of signs of right heart failure,
or syncope, and also by co-morbidities, age, sex, background therapy, and PAH subtype, among others.

Finally, the assessment of PAH patients should provide information on co-morbidities and disease
complications. ECGs should be obtained on a regular basis to detect clinically relevant arrhythmias, which
occur frequently in this patient population [33]. Patients with PAH occasionally present with progressive
hypoxaemia and may be candidates for long-term O2 therapy. In addition, a low PaCO2 is associated with
reduced pulmonary blood flow and has prognostic implications [38]. Thus arterial or capillary blood gases
provide important information and should be part of the regular clinical assessment, at least in cases of clinical
deterioration. Alternatively the peripheral O2 saturation may be used, but it is less reliable and does not provide
information on PaCO2. The recommended basic laboratory workup (in addition to BNP/NT-proBNP) includes
blood counts and international normalized ratio (INR) (in patients receiving vitamin K antagonists), as well as
serum sodium, potassium, creatinine, uric acid, aspartate aminotransferase (ASAT), alanine aminotransferase
(ALAT) (in patients receiving ERAs) and bilirubin. In addition, troponin, uric acid, iron status and thyroid
function should be checked at least once a year or whenever the patient presents with clinical worsening.
Tables 14 and 15 provide detailed recommendations on the follow-up assessment of patients with PAH.

6.2.5 Definition of patient status
Based on the comprehensive assessment described in the last section, the patient can be classified as low
risk, intermediate risk or high risk for clinical worsening or death (Table 13). Of course, there are several
other factors that have an impact on disease manifestation and prognosis that cannot be affected by PAH
therapy, including age, sex, underlying disease and co-morbidities. Although reliable individual predictions
are always difficult, patients categorized as low risk have an estimated 1-year mortality <5%. Basically these
patients present with non-progressive disease in WHO-FC I or II with a 6MWD >440 m and no signs of
clinically relevant RV dysfunction. The estimated 1-year mortality in the intermediate-risk group is 5–10%.
These patients typically present in WHO-FC III, with moderately impaired exercise capacity and signs of

TABLE 13 Risk assessment in pulmonary arterial hypertension

Determinants of prognosisa

(estimated 1-year mortality) Low risk <5%

Absent

No

No

I, II

Absent

Slow

Occasional syncopeb

III

165–440 m>440 m

Peak VO2 >15ml/min/kg
(>65% pred.)

VE/VCO2 slope <36

Peak VO2 11–15 ml/min/kg 
(35–65% pred.)

VE/VCO2 slope 36–44.9

BNP 50–300 ng/l
NT-proBNP 300–1400 ng/l

RA area 18–26 cm2

No or minimal, 
pericardial effusion

RAP 8–14 mmHg 
CI 2.0–2.4 l/min/m2

SvO2 60–65%

BNP <50 ng/I
NT-proBNP <300 ng/l

RA area <18 cm2 
No pericardial effusion

RAP <8 mmHg
CI ≥2.5 I/min/m2

SvO2 >65%

Intermediate risk 5–10%

Present

Rapid

Repeated syncopec

IV

<165 m

Peak VO2 <11 ml/min/kg
(<35% pred.)

VE/VCO2 slope ≥45

BNP >300 ng/l
NT-proBNP >1400 ng/l

RA area >26 cm2

pericardial effusion

RAP >14 mmHg 
CI <2.0 l/min/m2

SvO2 <60%

High risk >10%

Clinical signs of right heart failure

Progression of symptoms

Syncope

WHO functional class

6MWD

Cardiopulmonary exercise testing

NT-proBNP plasma levels

Imaging (echocardiography, CMR imaging)

Haemodynamics

6MWD: 6-minute walking distance; BNP: brain natriuretic peptide; CI: cardiac index; CMR: cardiac magnetic resonance; NT-proBNP:
N-terminal pro-brain natriuretic peptide; pred.: predicted; RA: right atrium; RAP: right atrial pressure; SvO2: mixed venous oxygen
saturation; VE/VCO2: ventilatory equivalents for carbon dioxide; VO2: oxygen consumption; WHO: World Health Organization. aMost of the
proposed variables and cut-off values are based on expert opinion. They may provide prognostic information and may be used to guide
therapeutic decisions, but application to individual patients must be done carefully. One must also note that most of these variables
have been validated mostly for IPAH and the cut-off levels used above may not necessarily apply to other forms of PAH. Furthermore,
the use of approved therapies and their influence on the variables should be considered in the evaluation of the risk. bOccasional
syncope during brisk or heavy exercise, or occasional orthostatic syncope in an otherwise stable patient. cRepeated episodes of syncope,
even with little or regular physical activity.
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Follow	  up	  und	  Wiederholen	  der	  
Risikobeurteilung	  

RV dysfunction, but not with RV failure. Patients in the high-risk group have an estimated 1-year
mortality >10%. These patients present in WHO-FC III or IV with progressive disease and signs of severe
RV dysfunction, or with RV failure and secondary organ dysfunction.

The variables shown in Table 13 may not behave consistently, i.e. they may fall into different risk
categories. Again, it is the overall assessment that should drive therapeutic decisions.

6.2.6 Treatment goals and follow-up strategy
The overall treatment goal in patients with PAH is achieving a low-risk status (Table 13), which is usually
associated with good exercise capacity, good quality of life, good RV function and a low mortality risk.
Specifically, this means bringing and/or keeping the patient in WHO-FC II whenever possible. In most
patients, this will be accompanied by a near-normal or normal 6MWD. Several treatment goals for the
6MWD have been proposed including >380 m, >440 m and >500 m [96, 99, 116–118, 144]. All of these
numbers are based on survival analyses from selected cohorts or on expert opinion. The present guidelines
adopt a threshold of >440 m as suggested during the 5th World Symposium on Pulmonary Hypertension
[145], because this number was derived from the largest cohort investigated so far [99]. Nevertheless,
individual factors must be considered and lower values may be acceptable in elderly patients or patients
with co-morbidities, whereas even values >440 m may not be sufficient in younger, otherwise healthy
patients. Especially in those patients, CPET should be regularly used, as it provides more objective
information on exercise capacity and RV performance.

It should be noted that these treatment goals are not always realistic and may not be achievable in patients
with advanced disease, patients with severe co-morbidities or very old patients.

6.3 Therapy
The therapy for PAH patients has evolved progressively in the past decade, increasing in complexity and
in evidence for efficacy [146–148]. The treatment process of PAH patients cannot be considered as a mere

TABLE 14 Suggested assessment and timing for the follow-up of patients with pulmonary
arterial hypertension

At baseline

+Medical assessment and 
  determination of functional class

+

+

+

ECG

6MWT/Borg dyspnoea score

CPET

+

+

Echo

Basic labb

+

+

Extended labc

Blood gas analysisd

+

In case of 
clinical

worsening

+

+

+

+e

+

+

+

+

+e

Every 6–12 
monthsa

+

+

+

+

+

+

+

+

+f

3–6 months
after changes

in therapya

+

+

+

+

+

+

+e

Every 3–6 
monthsa

+

+

+

+

Right heart catheterization

ALAT: alanine aminotransferase; ASAT: aspartate aminotransferase; BGA: blood gas analysis; BNP:
brain natriuretic peptide; CPET: cardiopulmonary exercise testing; Echo: echocardiography; ECG:
electrocardiogram; ERAs: endothelin receptor antagonists; FC: functional class; INR: international
normalized ratio; lab: laboratory assessment; NT-proBNP: N-terminal pro-brain natriuretic peptide;
RHC: right heart catheterization; TSH: thyroid stimulating hormone; 6MWT: 6-minute walking test.
aIntervals to be adjusted according to patient needs. bBasic lab includes blood count, INR (in patients
receiving vitamin K antagonists), serum creatinine, sodium, potassium, ASAT/ALAT (in patients receiving
ERAs), bilirubin and BNP/NT-proBNP. cExtended lab includes TSH, troponin, uric acid, iron status (iron,
ferritin, soluble transferrin receptor) and other variables according to individual patient needs. dFrom
arterial or arterialized capillary blood; may be replaced by peripheral oxygen saturation in stable
patients or if BGA is not available. eShould be considered. fSome centres perform RHCs at regular
intervals during follow-up.
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DiagnosVk	  
•  Herausragende	  Bedeutung	  der	  Echokardiographie:	  
	  	  	  	  	  Die	  Untersuchung	  dient	  zur	  Abschätzung	  des	  Risikos	  für	  eine	  PH	  
	  	  	  	  	  (nicht	  	  zur	  Diagnose)	  

–  WichVgste	  Parameter:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  -‐	  Prognoseparameter:	  
•  Maximale	  trikuspidale	  RegurgitaAonsgeschwindigkeit	  (TRV)	  	  	  	  	  	  	  	  	  TAPSE	  
•  Vergrößerung	  des	  rechten	  Ventrikels	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Perikarderguß	  
•  Verkleinerung	  der	  rechtsventrikulären	  AkzeleraAonszeit	  
•  Abflachung	  des	  interventrikulären	  Septums	  
•  Vergrößerung	  der	  Fläche	  des	  re.	  Vorhofs	  >18cm2	  
•  Pulmonal	  arterieller	  Durchmesser	  >25mm	  
•  DilataAon	  der	  V.cava	  inferior	  >21mm	  
	  	  	  	  mit	  verkleinerten	  inspiratorischen	  Kollaps	  <50%	  

resonance (CMR) imaging to exclude sinus venosus atrial septal defect and/or anomalous pulmonary
venous return. In cases of suspicion of LV diastolic dysfunction, Doppler echocardiographic signs should
be assessed even if their reliability is considered low. RHC should be considered when the diagnosis
remains uncertain after non-invasive investigations (see section 8.1). The practical clinical value of exercise
Doppler echocardiography in the identification of cases with PH limited to exercise is uncertain because of
the lack of validated criteria and prospective confirmatory data.

5.1.6 Ventilation/perfusion lung scan
A ventilation/perfusion (V/Q) lung scan should be performed in patients with PH to look for CTEPH.
The V/Q scan has been the screening method of choice for CTEPH because of its higher sensitivity

TABLE 8A Echocardiographic probability of pulmonary
hypertension in symptomatic patients with a suspicion of
pulmonary hypertension

Peak tricuspid 
regurgitation 
velocity (m/s)

Presence of other 
echo ‘PH signs’a

Echocardiographic 
probability of pulmonary 

hypertension

≤2.8 or not 
measurable No Low

≤2.8 or not 
measurable Yes

2.9–3.4 No

Intermediate

2.9–3.4 Yes

>3.4 Not required
High

PH: pulmonary hypertension. aSee Table 8B.

TABLE 8B Echocardiographic signs suggesting pulmonary
hypertension used to assess the probability of pulmonary
hypertension in addition to tricuspid regurgitation velocity
measurement in Table 8A

A: The ventriclesa B: Pulmonary arterya C: Inferior vena cava and 
right atriuma

Right ventricle/left 
  ventricle basal 
  diameter ratio 
  >1.0

Right ventricular 
outflow Doppler 
acceleration time 
<105 msec and/or 
midsystolic notching

Inferior cava diameter 
>21 mm with decreased 
inspiratory collapse 
(<50% with a sniff or 
<20% with quiet 
inspiration)

PA diameter >25 mm.

Flattening of the 
  interventricular 
  septum (left 
  ventricular 
  eccentricity index 
  >1.1 in systole 
  and/or diastole)

Early diastolic 
pulmonary 
regurgitation velocity 
>2.2 m/sec

Right atrial area 
(end-systole) >18 cm2

PA: pulmonary artery. aEchocardiographic signs from at least two
different categories (A/B/C) from the list should be present to alter
the level of echocardiographic probability of pulmonary
hypertension.

TABLE 9 Diagnostic management suggested according to echocardiographic probability of pulmonary hypertension in
patients with symptoms compatible with pulmonary hypertension, with or without risk factors for pulmonary arterial
hypertension or chronic thromboembolic pulmonary hypertension

Echocardiographic 
probability of PH

Without risk factors or associated 
condition for PAH or CTEPHd Classa

Alternative diagnosis should be 
considered

Alternative diagnosis, echo 
follow-up, should be considered

Further investigation of PH may be 
considerede

Further investigation of PH 
(including RHCe) is recommended

Echo follow-up should be 
considered

Further assessment of PH 
including RHC should be 

considerede

Further investigation of PHe 
including RHC is recommended

IIa

IIa

IIb

I

Levelb

C

C

C

Classa

IIa

IIa

I

Levelb

C

B

C

Refc

[45, 46]

With risk factors or associated 
conditions for PAH or CTEPHc

Low

Intermediate

High

CTEPH: chronic thromboembolic pulmonary hypertension; Echo: echocardiographic; PAH: pulmonary arterial hypertension; PH: pulmonary
hypertension; RHC: right heart catheterization. aClass of recommendation. bLevel of evidence. cReference(s) supporting recommendations.
dThese recommendations do not apply to patients with diffuse parenchymal lung disease or left heart disease. eDepending on the presence
of risk factors for PH group 2, 3 or 5. Further investigation strategy may differ depending on whether risk factors/associated conditions
suggest higher probability of PAH or CTEPH – see diagnostic algorithm.
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resonance (CMR) imaging to exclude sinus venosus atrial septal defect and/or anomalous pulmonary
venous return. In cases of suspicion of LV diastolic dysfunction, Doppler echocardiographic signs should
be assessed even if their reliability is considered low. RHC should be considered when the diagnosis
remains uncertain after non-invasive investigations (see section 8.1). The practical clinical value of exercise
Doppler echocardiography in the identification of cases with PH limited to exercise is uncertain because of
the lack of validated criteria and prospective confirmatory data.

5.1.6 Ventilation/perfusion lung scan
A ventilation/perfusion (V/Q) lung scan should be performed in patients with PH to look for CTEPH.
The V/Q scan has been the screening method of choice for CTEPH because of its higher sensitivity

TABLE 8A Echocardiographic probability of pulmonary
hypertension in symptomatic patients with a suspicion of
pulmonary hypertension

Peak tricuspid 
regurgitation 
velocity (m/s)

Presence of other 
echo ‘PH signs’a

Echocardiographic 
probability of pulmonary 

hypertension

≤2.8 or not 
measurable No Low

≤2.8 or not 
measurable Yes

2.9–3.4 No

Intermediate

2.9–3.4 Yes

>3.4 Not required
High

PH: pulmonary hypertension. aSee Table 8B.

TABLE 8B Echocardiographic signs suggesting pulmonary
hypertension used to assess the probability of pulmonary
hypertension in addition to tricuspid regurgitation velocity
measurement in Table 8A

A: The ventriclesa B: Pulmonary arterya C: Inferior vena cava and 
right atriuma

Right ventricle/left 
  ventricle basal 
  diameter ratio 
  >1.0

Right ventricular 
outflow Doppler 
acceleration time 
<105 msec and/or 
midsystolic notching

Inferior cava diameter 
>21 mm with decreased 
inspiratory collapse 
(<50% with a sniff or 
<20% with quiet 
inspiration)

PA diameter >25 mm.

Flattening of the 
  interventricular 
  septum (left 
  ventricular 
  eccentricity index 
  >1.1 in systole 
  and/or diastole)

Early diastolic 
pulmonary 
regurgitation velocity 
>2.2 m/sec

Right atrial area 
(end-systole) >18 cm2

PA: pulmonary artery. aEchocardiographic signs from at least two
different categories (A/B/C) from the list should be present to alter
the level of echocardiographic probability of pulmonary
hypertension.

TABLE 9 Diagnostic management suggested according to echocardiographic probability of pulmonary hypertension in
patients with symptoms compatible with pulmonary hypertension, with or without risk factors for pulmonary arterial
hypertension or chronic thromboembolic pulmonary hypertension

Echocardiographic 
probability of PH

Without risk factors or associated 
condition for PAH or CTEPHd Classa

Alternative diagnosis should be 
considered

Alternative diagnosis, echo 
follow-up, should be considered

Further investigation of PH may be 
considerede

Further investigation of PH 
(including RHCe) is recommended

Echo follow-up should be 
considered

Further assessment of PH 
including RHC should be 

considerede

Further investigation of PHe 
including RHC is recommended

IIa

IIa

IIb

I

Levelb

C

C

C

Classa

IIa

IIa

I

Levelb

C

B

C

Refc

[45, 46]

With risk factors or associated 
conditions for PAH or CTEPHc

Low

Intermediate

High

CTEPH: chronic thromboembolic pulmonary hypertension; Echo: echocardiographic; PAH: pulmonary arterial hypertension; PH: pulmonary
hypertension; RHC: right heart catheterization. aClass of recommendation. bLevel of evidence. cReference(s) supporting recommendations.
dThese recommendations do not apply to patients with diffuse parenchymal lung disease or left heart disease. eDepending on the presence
of risk factors for PH group 2, 3 or 5. Further investigation strategy may differ depending on whether risk factors/associated conditions
suggest higher probability of PAH or CTEPH – see diagnostic algorithm.
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Pneumo Update 2015   Pulmonale Hypertonie 

Definition der PAH 
Galiè et al. EHJ 2015 ; ERJ 2015 

PAH ist charakterisiert durch  
• präkapilläre PH  

– PAP ≥ 25 mmHg 
– PAWP ≤ 15 mmHg 

• PVR > 3 Wood Einheiten (>240 dyn s cm-5)  
• Abwesenheit von PH in Folge von  

– Lungenkrankheiten 
– Thromboembolie und  
– anderen seltenen Erkrankungen (Gruppe 5) 

12 

Diagnose	  einer	  pulmonalen	  Hypertonie	  
	  kann	  letztlich	  nur	  mirels	  	  
Rechtsherzkatheder	  erfolgen!	  
Parameter	  die	  gemessen	  werden	  sollten:	  
•  Druckmessung	  in	  PA,	  PA-‐Wedge	  

PosiAon,	  RV,	  RA	  
•  HZV	  mit	  ThermodiluAonsmethode	  
•  VasoreakAvitätstestung	  
•  BGA	  VCI,	  PA(Svo2),	  Wedge-‐PosiAon	  
•  Berechnung	  PVR,	  DPG	  

Due to the lack of reliable data that define which levels of exercise-induced changes in PAPm or PVR
have prognostic implications, a disease entity ‘PH on exercise’ cannot be defined and should not be used
[1]. A recent retrospective study has proposed a definition of PH on exercise with the combination of
PAPm and total PVR data, but no outcome prospective validation has been provided [3].

The term PAH describes a group of PH patients characterized haemodynamically by the presence of
pre-capillary PH, defined by a pulmonary artery wedge pressure (PAWP) ⩽15 mmHg and a PVR
>3 Wood units (WU) in the absence of other causes of pre-capillary PH such as PH due to lung diseases,
CTEPH or other rare diseases [1].

According to various combinations of PAP, PAWP, cardiac output (CO), diastolic pressure gradient
(DPG) and PVR, assessed in stable clinical conditions, different haemodynamic definitions of PH are
shown in Table 3 together with their corresponding clinical classification (Table 4) [1, 4]. The reasons for
the updated definitions of post-capillary PH are reported in the specific section (8.0).

3.2 Classifications
The clinical classification of PH is intended to categorize multiple clinical conditions into five groups
according to their similar clinical presentation, pathological findings, haemodynamic characteristics and
treatment strategy [5]. The clinical classification may be updated when new data are available on the above
features or when additional clinical entities are considered. A comprehensive version of the clinical
classification is presented in Table 4 [6]. A condensed version is provided in a web addenda (Web Table I).

The new findings are as follows:

• New conditions that are frequently found in children have been included in different clinical groups in
order to provide a comprehensive classification appropriate to both adult and paediatric patients.

• Recently identified gene mutations have been included in the HPAH subgroup of clinical group 1
(PAH). The new mutations are more rare as compared with the traditional bone morphogenetic protein
receptor 2 (BMPR2) mutations (Table 4).

• Pre-capillary PH associated with chronic haemolytic anaemia appears to be significantly different from
other forms of PAH in regard to pathological findings (absence of plexiform lesions), haemodynamic
characteristics (low PVR and high CO) and response to PAH-specific therapies (no demonstration of
efficacy). Therefore these clinical conditions have been moved from group 1 (PAH) to group 5 (unclear
and/or multifactorial mechanisms).

• Group 1′ [pulmonary veno-occlusive disease (PVOD) and/or pulmonary capillary haemangiomatosis
(PCH)] has been expanded and includes idiopathic, heritable, drug-, toxin- and radiation-induced and
associated forms.

• Persistent PH of the newborn (PPHN) includes a heterogeneous group of conditions that may differ
from classical PAH. As a consequence, PPHN has been subcategorised as group 1″ [7–9].

TABLE 3 Haemodynamic definitions of pulmonary hypertensiona

Definition

Pre-capillary PH

Post-capillary PH

Isolated post-capillary PH   
  (Ipc-PH)

Combined post-capillary and pre-capillary PH
  (Cpc-PH)

Characteristicsa

PAPm ≥25 mmHg
PAWP ≤15 mmHg

PH PAPm ≥25 mmHg

PAPm ≥25 mmHg
PAWP >15 mmHg

DPG <7 mmHg and/or
PVR ≤3 WUc

DPG ≥7 mmHg and/or
PVR >3 WUc

Clinical group(s)b

2. PH due to left heart disease
5. PH with unclear and/or 
    multifactorial mechanisms

1. Pulmonary arterial hypertension
3. PH due to lung diseases
4. Chronic thromboembolic PH
5. PH with unclear and/or 
    multifactorial mechanisms

All

CO: cardiac output; DPG: diastolic pressure gradient (diastolic PAP – mean PAWP); mPAP: mean
pulmonary arterial pressure; PAWP: pulmonary arterial wedge pressure; PH: pulmonary hypertension;
PVR: pulmonary vascular resistance; WU: Wood units. aAll values measured at rest; see also section
8.0. bAccording to Table 4. cWood Units are preferred to dynes.s.cm−5.
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Therapie	  
patients with SSc-PAH in the routine practice cohort,
patients with SSc-PAH in the detection cohort had less
advanced pulmonary vascular disease and better clinical
measurements, as evidenced by a higher proportion of
patients in the detection cohort meeting the New York

Heart Association (NYHA) criteria for class I and class
II functional capacity (indicating better heart function)
(16) (P ! 0.036 versus the routine practice cohort)
(Table 1), and better cardiopulmonary hemodynamics
with preserved function of the right side of the heart, as
indicated by a lower right atrial pressure, a lower mean
pulmonary artery pressure, a lower mean pulmonary
vascular resistance index, and a higher mean cardiac
output (Table 2). Of note, patients with SSc-PAH clas-
sified in NYHA functional class III on diagnosis during
routine clinical practice had more severely compromised
hemodynamics than did those identified in NYHA func-
tional class III via the systematic detection program
(Table 3).

Medical treatment of PAH. Use of conventional
medications (warfarin, diuretics, digoxin, oxygen, and
calcium channel blockers) and PAH-specific therapy
(prostacyclin derivatives, endothelin receptor antago-
nists, and phosphodiesterase type 5 inhibitors) was at the
discretion of the treating clinician. When compared with
patients with SSc-PAH diagnosed during routine clinical
practice, patients with SSc-PAH in the detection cohort
were less likely to receive warfarin or diuretics (P !
0.005) (Table 4). In contrast, patients in both cohorts
had similar exposure to PAH-specific therapies, either
alone or in combination. The time from SSc-PAH
diagnosis to initiation of PAH therapy was slightly
shorter in patients diagnosed during routine practice,

Figure 2. Eight-year survival from diagnosis of systemic sclerosis with pulmonary arterial hypertension (SSc-PAH) among patients
who were diagnosed either during routine clinical practice (n ! 16) (purple bar) or using a systematic detection program (n ! 16)
(gray bar). Values at each time point are the survival rate with 95% confidence interval (95% CI). HR ! hazard ratio.

Table 4. Conventional and PAH-specific therapies prescribed at
diagnosis of SSc-PAH in patients in the routine practice cohort and
patients in the detection cohort*

Therapy

Routine
practice
cohort

(n ! 16)

Detection
cohort

(n ! 16) P

Conventional therapy
Warfarin 12 (75) 4 (25) 0.005
Diuretics 13 (81) 3 (19) 0.0004
Digoxin 1 (6) 0 (0) 1
Oxygen 2 (12.5) 4 (25) 0.65

PAH-specific therapy
ERA 13 (81) 13 (81) 1
PDE-5i 6 (37.5) 3 (19) 0.43
Prostacyclin 2 (12.5) 2 (12.5) 1
None 2 (12.5) 3 (18) 1

Combination therapy 6 (37.5) 4 (25) 1
Time from SSc-PAH diagnosis to

initiation of PAH therapy,
median (IQR) months

0 (3) 1 (5) 0.23

* Except where indicated otherwise, values are the no. (%) of patients.
PAH ! pulmonary arterial hypertension; SSc ! systemic sclerosis;
ERA ! endothelin receptor antagonist; PDE-5i: phosphodiesterase
type 5 inhibitor; IQR ! interquartile range.

3526 HUMBERT ET AL

Das	  Überleben	  der	  PaAenten	  mit	  SSc-‐PAH	  hat	  die	  schlechteste	  Prognose,	  deshalb	  ist	  das	  
frühzeiAge	  Erkennen	  	  und	  Einleiten	  einer	  Therapie	  zwingend!	  
Verschiedene	  DetekAonsverfahren	  wurden	  evaluiert,	  ohne	  eindeuAge	  Empfehlung!	  
Im	  Rahmen	  unseres	  Sklerodermie	  Netzwerkes	  haben	  wir	  uns	  für	  folgende	  Vorgangsweise	  	  
entschieden:	  

•  Jährliches	  2D-‐Echo,	  EKG,	  große	  LungenfunkAon	  mit	  DLCO,	  
•  Wenn	  in	  der	  Anamnese	  Atemnot	  oder	  zunehmende	  Atemnot	  angegeben	  wird	  

Spiroergometrie(bis	  31%	  der	  milden	  PAH	  wurden	  mit	  alleinigem	  Echoscreening	  nicht	  	  
	  	  	  	  	  erfasst)	  
•  Abhängig	  davon-‐	  RHC	  oder	  Links/Rechtsherzkatheder	  

Humbert,	  ArthriVs	  Rheum	  2011;63:3522-‐3530	  
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or surgical sterilization has been proposed, but the
procedures that are required can promote bleeding
and may be impossible to perform in severely com-
promised patients. Vasectomy for the long-term
male partner or spouse has also been proposed.

Many centers treating patients with pulmonary ar-
terial hypertension recommend oral contraception
with progesterone derivatives or low-dose estro-
gens, provided that the patient has no history of
thromboembolic disease or thrombophilia.

 

Figure 1. Targets for Current or Emerging Therapies in Pulmonary Arterial Hypertension.

 

Three major pathways involved in abnormal proliferation and contraction of the smooth-muscle cells of the pulmonary artery in patients with 
pulmonary arterial hypertension are shown. These pathways correspond to important therapeutic targets in this condition and play a role in 
determining which of four classes of drugs — endothelin-receptor antagonists, nitric oxide, phosphodiesterase type 5 inhibitors, and prosta-
cyclin derivatives — will be used. At the top of the figure, a transverse section of a small pulmonary artery (<500 µm in diameter) from a patient 
with severe pulmonary arterial hypertension shows intimal proliferation and marked medial hypertrophy. Dysfunctional pulmonary-artery en-
dothelial cells (blue) have decreased production of prostacyclin and endogenous nitric oxide, with an increased production of endothelin-1 — 
a condition promoting vasoconstriction and proliferation of smooth-muscle cells in the pulmonary arteries (red). Current or emerging thera-
pies interfere with specific targets in smooth-muscle cells in the pulmonary arteries. In addition to their actions on smooth-muscle cells, pros-
tacyclin derivatives and nitric oxide have several other properties, including antiplatelet effects. Plus signs denote an increase in the intracellular 
concentration; minus signs blockage of a receptor, inhibition of an enzyme, or a decrease in the intracellular concentration; and cGMP cyclic 
guanosine monophosphate.
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3	  Behandlungspfade,	  die	  entweder	  
einzeln	  oder	  in	  KombinaAon	  eingesetzt	  
werden,	  stehen	  zur	  Verfügung:	  
•  Prostacyclin	  und	  Analoga	  

•  NO-‐	  PDE5	  Inhibitoren	  und	  	  
	  	  	  	  	  	  Guanylate	  cyclase	  SVmulatoren	  
•  Endothelin-‐Rezeptor-‐Antagoisten	  

PROSTANOIDE

Gezielte 
PAH 

Therapie 

Synonyme für Prostanoide
• Prostacyclin
• Prostazyklin
• PGI2
• Epoprostenol

Prostacyclin-Analoga
• Iloprost
• Treprostinil=UT15
• Beraprost

Non-Prostanoid IP Agonisten
• Selexipag

Nizza Empfehlung 
für WHO Klasse III und IV:

1-A

Horst Olschewski  Workshop Graz 4.6.2014

ERA
Gezielte 

PAH 
Therapie 

Endothelin
Rezeptor 
Antagonist

Zugelassene Substanzen
• Bosentan
• Ambrisentan
• Macitentan

Pharmakologische Typen
• ETA-selektive Substanzen
• Dual selektive Substanzen

Nizza Empfehlung 
für WHO Klasse II und III:

1-A/B
Für WHO Klasse IV:

IIa-C

Horst Olschewski  Workshop Graz 4.6.2014

PDE5i
Gezielte 

PAH 
Therapie 

Phospho-
Di-
Esterase
5
Inhibitoren

Zugelassene Substanzen
• Sildenafil
• Tadalafil

Nizza Empfehlung 
für WHO Klasse II und III:

1-A/B
Für WHO Klasse IV:

IIa-C

Horst Olschewski  Workshop Graz 4.6.2014

sGC
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sGC
oxidised

ROS

ONOO-NO SMC

NOsGC stimulator sGC activator

cGMP

Pharmakologische Mechanismen von sGC 
Stimulatoren und Aktivatoren

Olschewski & Olschewski, Unimed 2011

5GMP
PDE
1235

PDE
1235

cGMP

sGC=lösliche Guanylatzyklase
SMC = glatte Muskelzelle 

Horst Olschewski  Workshop Graz 4.6.2014



of systemic blood pressure with vasopressors, if necessary [258–260]. Intubation should be avoided in
patients with RV failure, as it frequently results in haemodynamic collapse.

6.3.7.2 Right ventricle assistance
The use of veno-arterial extracorporeal membrane oxygenation (ECMO) should be considered for selected
patients with PH and RV failure. A veno-venous approach may improve oxygenation but does not unload
the RV, which makes it unsuitable for this patient population. There are two basic concepts for the use of
ECMO in these patients: bridge to recovery and bridge to transplantation. Few reports have been
published on the bridge to recovery concept [261], which is only reasonable in patients for whom a clear
therapeutic concept with a realistic chance of recovery exists. There are, however, several reports on the
successful use of ECMO as a bridge to transplantation, especially when used in awake patients [261–263].
An alternative approach involves connecting a pumpless device to the pulmonary circulation [264, 265].
All of these procedures are available only in highly specialized centres.

6.3.8 Transplantation
The advent of disease-targeted therapy for severe PAH has reduced and delayed patient referral for lung
transplant programmes [256]. The long-term outcomes of medically treated patients remain uncertain and

Treatment naïve patient PAH confirmed by
expert centre

General measures
(table 16)

Supportive therapy
(table 17)

Acute vasoreactivity test
(IPAH/HPAH/DPAH only)

CCB therapy
(table 18)

Vasoreactive

Non-vasoreactive

Low or intermediate risk
(WHO FC II–III)a

High risk
(WHO FC IV)a

Initial combination 
including i.v. PCAc

(table 20)

Initial oral
combinationb

(table 20)

Initial
monotherapyb

(table 19)

Patient already 
on treatment

Inadequate clinical response
(table 15)

Double or triple sequential combination
(table 21)

Consider listing for lung transplantationd

(table 22)

Inadequate clinical response
(table 15)

Consider referral for lung 
transplantation

FIGURE 2 Evidence based treatment algorithm for pulmonary arterial hypertension patients (for group 1
patients only; see description in the text). CCB: calcium channel blockers; DPAH: drug-induced PAH; HPAH:
heritable PAH; IPAH: idiopathic PAH; i.v.: intravenous; PAH: pulmonary arterial hypertension; PCA:
prostacyclin analogues; WHO-FC: World Health Organization functional class. aSome WHO-FC III patients may
be considered high risk (see Table 13). bInitial combination with ambrisentan plus tadalafil has proven to be
superior to initial monotherapy with ambrisentan or tadalafil in delaying clinical failure. cIntravenous
epoprostenol should be prioritised as it has reduced the 3 months rate for mortality in high risk PAH patients
also as monotherapy. dConsider also balloon atrial septostomy.
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SequenAelle	  oder	  iniAale	  
KombinaAonstherapie	  

Pneumo Update 2015   Pulmonale Hypertonie 

Initiale Therapie mit Ambrisentan 
plus Tadalafil bei PAH 

Galiè et al. NEJM 2015; 373:834-844 

Patienten (primäre Analyse) 
• N=500 PAH 

– 53% IPAH 
– 38% SSc APAH 

• Alter = 54 J 
• PAP = 49 mmHg; PVR 825 dyn s cm-5 

• 6 mwd 352 m 
• WHO FC II/III = 30/70 
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Pneumo Update 2015   Pulmonale Hypertonie 

Initiale Therapie mit Ambrisentan 
plus Tadalafil bei PAH 

Galiè et al. NEJM 2015; 373:834-844 

Resultate: 
• Primärer Endpunkt 

Kombi vs. Mono 
– 18% vs. 31%; HR 0.5 

[0.32-0.72], p<0.001 
• Sekundäre Endpunkte 

BNP Abfall:  
-67% vs. -50%, p<0.001 
6mwd Zuwachs:  
+49 m vs. +24 m, p<0.001 

Ereignisfreies Überleben 

14 
Bei	  der	  schlechten	  Prognose	  der	  SSc-‐PAH	  ist	  eine	  iniAale	  KombinaAonstherapie	  sicher	  sinnvoll!,	  
Vor	  allem	  da	  zunehmende	  Evidenz	  besteht	  sowohl	  für	  besseres	  Überleben	  als	  auch	  deutlichere	  
hämodynamische	  Verbesserung	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  AJRCCM	  2015,192;9	  1102-‐1110	  



Allgemeine	  und	  supporVve	  Maßnahmen	  	  

•  Impfung	  
	  	  	  	  	  	  (Pneumokokken	  und	  	  Influenza)	  

•  Überwachtes	  Training	  (REHA)	  
•  Flugreisen	  
	  	  	  	  	  	  (O2	  bei	  WHO	  FC	  III	  und	  IV	  und	  

	  paO2<60mmHG	  	  

•  Anästhesie	  (epidural)	  
•  Schwere	  körperliche	  

Anstrengung	  sollte	  vermieden	  
werden	  

•  DiureAka	  	  
	  	  (bei	  Rechtsherzinsuffizienz	  und	  versagen)	  

•  Sauerstoff	  	  	  	  	  	  	  	  	  	  	  (PaO2<60mmHg)	  

•  AnAkoagulaAon	  	  
	  	  	  	  	  	  (nur	  bei	  IPAH,HPAH,	  PAH	  durch	  	  

	  AppeAtzügler,-‐	  bei	  SSc-‐PAH	  erhöhtes	  GI-‐
	  Blutungsrisiko)	  

•  Korrektur	  der	  Anämie	  und	  
Eisenmangel	  

•  Herzinsuffizienz	  Medikamente	  
bei	  entsprechender	  
Komorbidität	  



Zusammenfassung	  

•  Pulmonale	  Hypertonie	  bei	  Sklerodermie	  ist	  die	  häufigste	  Form	  
der	  PAH	  auch	  in	  KombinaAon	  mit	  Lungenfibrose!	  

•  Atemnot	  ist	  der	  sensibelste	  Indikator!	  
•  Sie	  ist	  charakterisiert	  durch	  rasche	  Progredienz	  und	  schweren	  

Verlauf!	  
•  Strategische	  Screeninguntersuchengen	  sind	  sinnvoll	  und	  sollten	  

jährlich	  wiederholt	  werden!	  (ECHO,	  DLCO,	  NT-‐pro	  BNP)	  
•  PAH	  kommt	  auch	  bei	  anderen	  Erkrankungen	  des	  rheumaAschen	  

Formenkreises	  vor,	  jedoch	  im	  Gegensatz	  zur	  SSc-‐PAH	  bessern	  
sich	  diese	  durch	  die	  Grundbehandlung!	  

•  Moderne	  Behandlungsschemata	  verbessern	  zunehmend	  die	  
Prognose	  



Danke	  für	  Ihre	  Aufmerksamkeit!	  


