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Diagnose pulmonale Hypertonie 
(invasiv gemessen)  

PAPm in Ruhe : ≥ 25 mmHg1                                         
(normaler PAPm: 14±3.3 mmHg)2 

1 Badesch JACC 2009;54:S55-66 
2 Kovacs ERJ 2009;34:888-894 



Diagnose borderline pulmonale Hypertonie 
(invasiv gemessen)  

PAPm in Ruhe : 21-24 mmHg 

 Badesch JACC 2009;54:S55-66 



Klassifikation der pulmonalen Hypertonie 

PAH                                         
(10-50/ 1 Mio Einw.) 

PH bei 
Li.herzer-

krankungen 

PH bei Lungenerkrankungen 
u./od. Hypoxie 

Thrombotisch               
Embolisch 

Verschiedenes                 
M. Gaucher,Sarkoidose, 

Lymphangioleoimyomatosis PH 

Gr. I 

Gr. 2 

Gr. 3 Gr. 4 

Gr. 5 

Simonneau JACC 2009;54:S43-54 



Hämodynam. Einteilung                 
der PH 

Galie Eur Heart J 2009; 30: 2493-2537 

2 

1 

(PAPm-PCWP) 



Formal präkapilläre pulmonale Hypertonie 

Champion Circulation 2009;120:992-1007 

Li.herzinsuff. mit eingeschränkter 
oder erhaltener systol. Fkt. ? 



LV-diast. Dysfunktion assoziierte PH 

1l NaCl über 20 min oder bis PCWP > 15 mmHg mit Symptomen 

Champion Circulation 2009;120:992-1007 



9 

Belastungsinduz. Anstieg des PAOP bei LV diast. Dysfunktion 

PA
O

P
 

ml LV-EndDiastVol 

Kitzman DW et al. JACC 1991 

 normal subjects                                  
 preserved LV syst. function 



10 4. Welt-Kongress zur PH in Dana Point, USA 2008                                                
2 Rosenkranz Dtsch Med Wochenschr 2010;135:S102-S114 

> 65 J 
Diab.           
RR ↑  

Vorhofli 
metabol 
Syndr.            
LA ↑            
etc. 

Pulmonale Hypertonie bei Patienten                                                                     
mit PC < 15 und Hinweis auf LV diast. Dysfunktion 



Galie Eur Heart J 2009; 30: 2493-2537 

Neue 
Therapieotionen ? ( ) 



CTEPH 

 
Therapie der Wahl:  Thrombendarteriektomie 

 

 

Indikation der TEA: PVR >300 dyn*s-1*cm-5                                                        
    WHO Klasse III od. IV                              
    prox. Lokalisation (Haupst., Lappen-, prox. 
    Segmentart.)                                       
    Ø schweren Komorbiditäten 

Doyle Chest 2004;126:63S-71S 

Vorführender
Präsentationsnotizen
Bilaterale Prozedur, da CTEPH meist eine bds. Erkrankung ist.
Mediane Sternotomie, kardiopulmonaler Bypass, tiefe Hypothermie, Kreislaufstillstand



Intraoperative Ansicht bei pulmonaler 
Thrombendarteriektomie 

Freies Lumen   (PA) 

Thromboembo-
lisches Material 

Obstruiertes Lumen 
(PA) 

Lausberg Anaesthesist 2004; 53:748-52 



Langer J Thorac Cardiovasc Surg 126:874-5 

Operationspräparat nach pulmonaler 
Thrombendarteriektomie 



 Therapie der inop. CTEPH ? 



Seyfarth, Halank, et al Clin Res Cardiol 2010;99:553-6 

spezif. behandelte             
CTEPH Pat (n= 50)               

52±30 Monate  

survival (months)
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Hinweis für evtl. Verbesserung des Langzeitüberlebens bei                 
inop. CTEPH durch PAH-Medikamente 

nicht spezif. be-
handelte Pat. 



Jais X et al; J  Am Coll Cardiol 2008;25:2127-2134 

Plazebo 
n = 76 

−0.1 

0 

0.1 

0.2 

Bosentan 
n = 75 

p = 0.0007; Wilcoxon 

M
itt

el
 (±

 S
D

) V
er

än
de

ru
ng

 d
es

  C
I 

(L
·m

in
−1

·m
−2

) 
0.3 

*Veränderung Beginn vs.16 Wochen 

Bosentan                                                                                       
Benefit-Studie                                                                                    

Verbesserung des Herzindex 



Jais X et al; J  Am Coll Cardiol 2008;25:2127-2134 
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p < 0.0001; Wilcoxon test 
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Benefit-Studie                                                                                          
Reduktion des PVR um 24% 



BENEFIT-Studie: Keine Verbesserung des 6-Minuten Gehtestes  

Jais X et al; J  Am Coll Cardiol 2008;25:2127-2134 

6-Min.Gehstrecke  Plazebo 
(n = 73) 

Bosentan 
(n = 67) 

Beginn (Mittel ± SD, m) 344.5 ± 82.6 340.0 ± 85.3 

Woche 16 (Mittel ± SD, m) 345.3 ± 109.5 342.9 ± 106.5 

Veränderung (mean ± SD, m) 0.8 ± 80.9 2.9 ± 65.0 

Behandlungseffekt* (m) 2.2 m 
 p = 0.5449;  

Ø Verbesserung der WHO-FC oder der TCW 



Medikamentöse Therapie der inoperablen CTEPH           
(Empfehlungen der Kölner Konsesus Konferenz) 

Wilkens DMW 2010;135:S125-S130 



ESC/ERS 
Guidelines  

Eur Heart J 09 



Riociguat bei inop. CTEPH und bei PAH 

Ghofrani, Hoeper, Halank, et al ERJ 2010;36:792-6   



Galie Eur Heart J 2009; 30: 2493-2537 

Neue 
Therapieotionen ? 



Dtsch Med Wschr 2010;135:S115-124 





Galie Eur Heart J 2009; 30: 2493-2537 

Neue 
Therapieotionen ? 



Galie Eur Heart J 2009;30:2493-2537 

DD der PAH 



Galie Eur Heart J 2009;30:2493-2537 

Placebokontroll. Therapiestudien 



Hämodynamik bei PAH 

   WHO-FC II   WHO-FC III/IV  WHO-FC III/IV  
      (77% / 23%) (33% /67%)  

 

PAPm (mmHg)  53±19   57±12  61±15 

PCWP (mmHg)  ?   8±6  8±3 

PVR (dynscm-5)  839±531   1533±624             1858±856 

CI ll/min/m2)  2,7±0,8   1,7±0,6  1,5±0,4 

RAP (mmHg)  7±5   10±6  13±6 

6 MWD (m)  438±86   287±112  228±114  
  

„Early Study“ Galie 
Lancet 2008; 371:2093-2100 

„Ilo iv Daten“            
Hoeper ERJ 2009; 34:132-137 

♂ 59J: WHO-FC III: PAPm:36 mmHg, PVR: 412 dynscm-5 CI:2, 4l, RAP: 10 mmHg, PCWP: 13 mmHg 

6-MWD: 350 m 
IPAH (WHO III) ? 



Hämodynamik bei PAH 

   WHO-FC II   WHO-FC III/IV  WHO-FC III/IV  
      (77% / 23%) (33% /67%)  

 

PAPm (mmHg)  53±19   57±12  61±15 

PCWP (mmHg)  ?   8±6  8±3 

PVR (dynscm-5)  839±531   1533±624             1858±856 

CI ll/min/m2)  2,7±0,8   1,7±0,6  1,5±0,4 

RAP (mmHg)  7±5   10±6  13±6 

6 MWD (m)  438±86   287±112  228±114  
  

„Early Study“ Galie 
Lancet 2008; 371:2093-2100 

„Ilo iv Daten“            
Hoeper ERJ 2009; 34:132-137 

♂ 59J: WHO-FC III: PAPm:36 mmHg, PVR: 412 dynscm-5 CI:2, 4l, RAP: 10 mmHg, PCWP: 13 mmHg 

Ø IPAH (WHO III) ! 6-MWD: 350 m 



Ghofrani DMW 2010; 135:S87-S101 



Humbert NEJM 2004;351:1425 

Etablierte Therapieansätze  
im Bereich der                     

Endothelinstrecke               
NO-Strecke 

Prostazyklinstrecke 

Vorführender
Präsentationsnotizen
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 prostacyclin 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 endothelial 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 therapies interfere with specific targets in smooth-muscle cells in the pulmonary arteries. In addition to their actions on smooth-muscle cells, prostacyclin 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.




Humbert NEJM 2004;351:1425 

Aktuell in Deutschland 
zugelassene Therapie-
optionen bei der PAH          

(11/ 2011)  

Ambrisentan 
Bosentan 
Sitaxentan Sildenafil 

Tadalafil 

Iloprost inhal 
Treprostinil sc 

Epoprostenol iv 

Vorführender
Präsentationsnotizen
Figure 1. Targets for Current or Emerging Therapies in Pulmonary Arterial Hypertension. (ET NO PGI2 Strecke)
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 prostacyclin 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 endothelial 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 therapies interfere with specific targets in smooth-muscle cells in the pulmonary arteries. In addition to their actions on smooth-muscle cells, prostacyclin 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.






Akute Vasoreagibilitätstestung 

Ghofrani DMW 2010; 135:S87-S101 



Ghofrani DMW 2010; 135:S87-S101 

Initiale Therapie 



Welche Firstline-Therapie ? 

keine Überlegenheit oder Unterlegenheit einer Substanz oder 
–klasse gegenüber einer anderen Substanz oder –klasse 

bezüglich Effektivität belegt  



Kombinationstherapie 

 
Sequentiell ? 

 

Simultan von Anfang an („hit hart and early“) ? 

 

Überhaupt ?  

 

Wenn dann Einleitung nur im Expertenzentrum !1 

1 Galie Eur Heart J 2009;30:2493-2537 



Am J Cardiol 2011;108:1177-82 

6 prospektive random. Studien 



Agrawal Am Heart J 2011;162:201-213 

14 trials 



Zukünftige Therapieoptionen ? 
 
 

 

neue Endothelin-Rezeptor-Antagonisten (z.B. Macitentan)  

 

 

Phosphodiesterase-5-Hemmer (z.B. Vardenafil)                                          

 

Prostazyklinanaloga (z.B. Trepro p.o.) und -rezeptorAnaloga (z.B.Selexipag)  



Neue therapeutische Angriffspunkte ? 
 

Tyrosinkinasehemmung                                                                               
(Imatinib (Hemmung von platelet-derived growth factor receptor) 

 

cGC–Stimulation (-Aktivierung) 

 
 

Serotoninrezeptor-Antagonismus                                                                                                             
Rho-Kinase-Antagonismus                                                                                                                     

Ka-Kanalstimulation                                                                                                                                      
etc.                                                                                                                                                    

......................                                                                                                               
.................                                                                                                                             

(Endothel-Zell-Transplantation) 



Grimminger Nat Rev Drug Discov 2010;9:956-79 



Imatinib: Bl: n=14, Study end: n=  8                            
Placebo: Bl: n=16, Study end: n=12 

Imatinib (Glivec) bei PAH                                                        
Verbesserung der Hämodynamik nach 6 monatiger Therapie  

Phase II - Studie 

Ghofrani AJRCCM 2010; 182:1171-7 

Imatinib 

Placebo 

Vorführender
Präsentationsnotizen
Einschluss: IPAH bzw CTD-PAH-Pat.
Primary endpoints:safety and change from, baseline in 6 MWD
Secondary endpoints: hemodynamics and functional classification
Enrollment: Imatinib n= 28; Placebo: n=31
Serious adverse events: Imatinib: n=11 (39%); placebo: n=7 (23%)
Deaths: 3 in each group
Most common AE in imatinib group: nausea (50%), headache (38%), peripheral edema (25%) ----> AEs did not lead to discontinuation of drug



400 mg (if well tolerated)  

down-titrated to 200 mg if not well tolerated 

6-week screening period 
 
 
 
 
 
 
 

IMPRES* 
• 24-week, multicentre, double-blind, placebo-controlled, parallel-group study 

of the efficacy, tolerability and safety of imatinib 
• Enrolled patients with advanced PAH who were symptomatic and had PVR 

≥800 dynes·s·cm-5 despite treatment with ≥2 PAH drugs 

Randomization 
(1:1) 

Imatinib 

200 mg 

Placebo 
Week 

2 
Week 

24 

Open-label long-
term uncontrolled 

extension 

RHC, echocardiography, 
6MWD (monthly)  

 

blinded up-titration (if well tolerated)  

down-titrated if not well tolerated 

RHC, echocardiography, 
6MWD repeated  

 Hoeper et al. Chest 2011;140:1045A *Imatinib is currently not approved for the treatment of PAH 



Patient characteristics and                    
disposition in IMPRES*  

 202 patients randomised (imatinib, n=103; placebo, n=99) 
 Mean age 48 years (18–77) 
 Mean duration of PAH 5.3 years 
 67.7% WHO Class III 
 Mean 6MWD 344m (337 vs. 351m for imatinib and placebo, 

respectively) 
 67.0% of imatinib and 81.8% of placebo patients completed the 

study and entered a separate extension study 

Hoeper et al. Chest 2011;140:1045A 

*Imatinib is currently not approved for the treatment of PAH 



Key findings from IMPRES*  
 Placebo-corrected treatment effects at Week 24 vs. baseline: 

– Imatinib improved 6MWD by 32m (p=0.002) 

– Imatinib improved PVR (–379 dynes.sec.cm-5, p<0.001),  
CO (0.88 L/min, p<0.001) and PAP (p<0.001) 

– Imatinib improved NT-pro-BNP values (–45.10 pmol/L, p=0.04) 

• There was no difference between imatinib and placebo for TTCW at Week 24 
(hazard ratio 1.16, p=0.563) 

• Overall incidence of AEs similar for imatinib and placebo (97% vs. 96%, 
respectively) 

• SAEs (44% vs. 30%) and discontinuations were more frequent with imatinib. 
There were 3 deaths in each group 

Hoeper et al. Chest 2011;140:1045A; 
http://www.novartis.com/newsroom/media-releases/en/2011/1549437.shtml 

*Imatinib is currently not approved for the treatment of PAH 



NO-sGC-cGMP-Signalkette im Blutgefäß 

Evgenov Nature Reviews 2006;5:755-768 

↑ 

Vaso-
dilatation 



Neue Therapieoptionen bei der präkapillären PH 

PH Gruppe I (PAH)                                                                                              
3 etablierte therapeut. Interventionsmöglichkeiten                                                                      

Endothelin-Rezeptor-Blocker                                                                                    
Phosphodiesterase- 5-Hemmer                                                                                 

Prostazyklinanloga                                                                                                                  
neue vielversprechende Interventionsmöglichkeiten                     

Tyrosinkinasehemmer                                                                                                                
zykl. Guanylatzyklase Stimulatoren (Aktivatoren) 

PH der Gruppen V (seltene Ursache) und Gr. III (Lungenerkr.)                        
Ø zugelassene Therapieotionen 

PH der Gruppe IV (CTEPH)                                                                    
operabel: PEA                                                                                                                        

inoperabel: aktuell keine zugelassene Therapie zukünftig Riociguat ? 
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