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1. Identify Groups 
2. Identify 

Functional  
Classes 

ALK1, activin receptor-like kinase type 1; BMPR2, bone morphogenetic protein receptor type 2; CAV1, caveolin-1; HIV, human immunodeficiency virus; KCNK3, gene 
encoding potassium channel super family K member-3; SMAD9, mothers against decapentaplegic 9. Galiè N et al. Eur Respir J 2015;46:903–975. 
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PAH is a group of conditions with common symptoms and pathophysiology 
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 Endothelin 1 

 NO-sGC-cGMP  
Vasoconstrictor  

factors Vasodilator 
 factors 

PAH 

Barst RJ, Gibbs US, Ghofrani HA, et al. Updated evidence-based treatment algorithm in pulmonary arterial hypertension. J Am Coll Cardiol 2009; 54:S78.  

Prostacyclin  

https://www.researchgate.net/figure/Schematic-progression-of-pulmonary-arterial-hypertension-Progressive-vascular-remodeling_fig1_361256722 
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Plexiform Lesions 

Thrombi form 

Severe PAH 



Prostanoid IP/receptor agonist 

Endothelin receptor antagonist  Soluble guanylate cyclase (sGC) 
stimulator 

PDE inhibitors 

Barst RJ, Gibbs US, Ghofrani HA, et al. Updated evidence-based treatment algorithm in pulmonary arterial hypertension. J Am Coll Cardiol 2009; 54:S78.  

PAH-directed therapy 



Riociguat in PAH 

C20H19FN8O2 



Riociguat in PAH 

C20H19FN8O2 



Chest, 151(2), Ghofrani HA, Humbert M, Langleben D, et al, Riociguat: mode of action and clinical development in pulmonary hypertension, 
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Randomized 
placebo controlled clinical trial.16 
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  [2.8 Wood units]  
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Supportive Therapy 

Oral Anticoagulant 
Diuretics 
Oxygen 
Digoxin 



WHO functional class I  

PDE5I 
ERA 

Riociguat 
rather than no treatment 

 (Grade 2C) 

Barst RJ, Gibbs US, Ghofrani HA, et al. Updated evidence-based treatment algorithm in pulmonary arterial hypertension. J Am Coll Cardiol 2009; 54:S78. 

Monotherapy with a PAH-specific agent 



NO-cGMP 
pathway 

ERA 
 

WHO functional class II/III 

(Grade 2B) 

Barst RJ, Gibbs US, Ghofrani HA, et al. Updated evidence-based treatment algorithm in pulmonary arterial hypertension. J Am Coll Cardiol 2009; 54:S78. 

Prostanoid IV 
Epoprostenol  

PDE 5 
inhibitor 
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Oral Anticoagulant 
Diuretics 
Digoxin 

Diuretics 

Digoxin 

Oral Anticoagulants 



Supportive Therapy 

Oral Anticoagulants 

Exercise rehabilitation  

1A 

Diuretics 

Digoxin 



Exercise rehabilitation  

1A 



 فيما يلي
 
 :  حدد الخيار الخطا

.Aفائدة تمارين اللياقة البدنية في مرضي ارتفاع ضغط الشريان الرئوي المستقرين على العلاج الدوائي كبيرة 

.B مراض القلبية المرافقة للمرضى المصابين بارتفاع ضغط الشريان الرئوي من حيث التشخيص
 
ينبغي الانتباه للا

 .والعلاج

.C ن يتم النظر في تقييم ارتفاع ضغط الدم
 
ينبغي تقديم العلاج القلبي المثالي لمرضى المجموعة الثانية قبل ا

 .الرئوي لديهم

.D يستطب إعطاءPDE5i  في مرضي قصور القلب المحافظ على الجزء المقذوف بشكل جيدHeart failure 

with preserved ejection fraction    ولديهم ارتفاع بضغط الشريان الرئوي 
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Clinical classification of PH  

(updated) 

GROUP 1 Pulmonary arterial hypertension (PAH) 
 1.1 Idiopathic 
  1.1.1 Non-responders at vasoreactivity testing 
  1.1.2 Acute responders at vasoreactivity testing 
 1.2 Heritablea 
 1.3 Associated with drugs and toxinsa 
 1.4 Associated with: 
  1.4.1 Connective tissue disease 
  1.4.2 HIV infection 
  1.4.3 Portal hypertension 
  1.4.4 Congenital heart disease 
  1.4.5 Schistosomiasis 
 1.5 PAH with features of venous/capillary (PVOD/PCH) involvement 

 1.6 Persistent PH of the newborn 

European Respiratory Journal Jan 2022, 2200879; DOI: 10.1183/13993003.00879-2022 
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GROUP 2 PH associated with left heart disease 
 2.1 Heart failure: 
  2.1.1 with preserved ejection fraction 
  2.1.2 with reduced or mildly reduced ejection fraction 

 2.2 Valvular heart disease 
 2.3 Congenital/acquired cardiovascular conditions leading to post-capillary 
PH 
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GROUP 3 PH associated with lung diseases and/or hypoxia 
 3.1 Obstructive lung disease or emphysema 
 3.2 Restrictive lung disease 
 3.3 Lung disease with mixed restrictive/obstructive pattern 

 3.4 Hypoventilation syndromes 
 3.5 Hypoxia without lung disease (e.g. high altitude) 

 3.6 Developmental lung disorders 

(LAM)  
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GROUP 5 PH with unclear and/or multifactorial mechanisms 
 5.1 Haematological disorders 
 5.2 Systemic disorders 
 5.3 Metabolic disorders 
 5.4 Chronic renal failure with or without haemodialysis 
 5.5 Pulmonary tumour thrombotic microangiopathy 
 5.6 Fibrosing mediastinitis 
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Step 1 
Suspicion 

U n e x p l a i n e d  D y s p n e a  o r  s i g n s  

s y m p t o m s  

 s u g g e s t i n g  P H  



Unexplained Dyspnea or signs 

symptoms 

 suggesting PH 
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one year - Mortality 
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Determinants of prognosis 
 (estimated 1-year mortality) 

Low risk 
(5%) 

Intermediate risk 
(5–20%) 

High risk 
(20%) 

Clinical observations and modifiable variables 

Signs of right HF Absent Absent Present 

Progression of 
symptoms and 
clinical 
manifestations 

No Slow Rapid 
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Determinants of 
prognosis 

 (estimated 1-year 
mortality) 

Low risk 
(5%) 

Intermediate risk 
(5–20%) 

High risk 
(20%) 

Clinical observations and modifiable variables 

Syncope No Occasional syncope Repeated syncope 

WHO-FC |, || III IV 

6MWDC >440 m 165-440 m <165 m 

CPET 
Peak VO2 >15 
mL/min/kg (>65% pred.) 
VE/CO2 slope <36 

Peak VO2 11-15 
mL/min/kg (35-65% 
pred.) VE/CO2 slope 36-
44 

Peak VO2 <11 
mL/min/kg (<35% pred.) 
VE/VCO2 slope >44 



 فيما يلي
 
 ارتفاع ضغط الشريان الرئوي: حدد الخيار الخطا

.A يفيد استجواب المريض عن حالة الغشيsyncope   اصابته تطور  تقدير في 

.B 6  دقائق  6لا يعتبر اختبار المشيMWD  معيارا مهما في تقييم شدة الاصابة ولا يفيد في مناطرة

 .المريض المصاب

.C ثناء الراحة
 
 من المرضى عالي الخطورة   [class IV]يصنف المريض الذي يشكو من زلة تنفسية ا

.D يفيد إيكو القلب الدوري في متابعة تطور حالة المريض 
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معيارا مهما في تقييم شدة الاصابة ولا يفيد في مناطرة المريض  6MWD  دقائق  6لا يعتبر اختبار المشي 

 .المصاب

86% 

6MWD 
 6-minute walking 

distance 
  < 165 m 
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Determinants of prognosis 
 (estimated 1-year mortality) 

Low risk 
(5%) 

Intermediate risk 
(5–20%) 

High risk 
(20%) 

Echo 

♥ 



Determinants of prognosis 
 (estimated 1-year mortality) 

Low risk 
(5%) 

Intermediate risk 
(5–20%) 

High risk 
(20%) 

RA area 
18 cm2 

RA area 
 18–26 cm2 

RA area 
26 cm2 
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Determinants of prognosis 
 (estimated 1-year mortality) 

Low risk 
(5%) 

Intermediate risk 
(5–20%) 

High risk 
(20%) 

RA area:18 cm2 RA area 18–26 cm2 RA area .26 cm2 

TAPSE/sPAP 
0.32 mm/mmHg 

TAPSE/sPAP 
0.19–0.32  

mm/mmHg 

TAPSE/sPAP 
 0.19 mm/mmHg 
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Determinants of prognosis 
 (estimated 1-year mortality) 

Low risk 
(5%) 

Intermediate risk 
(5–20%) 

High risk 
(20%) 

RA area:18 cm2 RA area 18–26 cm2 RA area .26 cm2 

TAPSE/sPAP 
0.32 mm/mmHg 

TAPSE/sPAP 
0.19–0.32  

mm/mmHg 

TAPSE/sPAP 
 0.19 mm/mmHg 

No 
pericardial 

effusion 

Minimal 
pericardial 

effusion 

Moderate or 
large 

pericardial 
effusion 

Echo 

♥ Cardiac magnetic resonance 
imaging 



Cardiac magnetic resonance 
imaging 
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Cardiac magnetic resonance imaging 

RVESVI 
RVEF 

SVI 
Eur Respir Rev 2013; 22: 526–534 | DOI: 10.1183/09059180.00006313 

cMRI 

Determinants of prognosis (estimated 
1-year mortality) 

Low risk 
(5%) 

Intermediate risk 
(5–20%) 

High risk 
(20%) 

RVEF : 54% RVEF: 37–54% RVEF: 37% 

SVI:40 mL/m2 SVI: 26–40 mL/m2 SVI: 26 mL/m2 

RVESVI: 42 mL/m2 
RVESVI 

42–54 mL/m2 
RVESVI: 54 mL/m2 
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 :ارتفاع ضغط الشريان الرئوي: حدد الخيار الصحيح فيما يلي

.A لا يوجد استطباب لمرنان القلب المغناطيسي CMRI متابعة تطور حالة المريض ومناطرته  في 

.B يمن دورا في مناطرة المريض المصاب
 
 ليس لقثطرة القلب الا

.C لا يؤثر تطور انصباب تامور على إنذار المريض 

.D لا يفيد معايرةNT-proBNP   المصاب المريض مناطرة في   



 :ارتفاع ضغط الشريان الرئوي: حدد الخيار الصحيح فيما يلي

.A لا يوجد استطباب لمرنان القلب المغناطيسي CMRI متابعة تطور حالة المريض ومناطرته  في 

.B يمن دورا في مناطرة المريض المصاب
 
 ليس لقثطرة القلب الا

.C لا يؤثر تطور انصباب تامور على إنذار المريض 

.D لا يفيد معايرةNT-proBNP   المصاب المريض مناطرة في   



14% 

Biomarkers: 
BNP 

 or  
NT-proBNP 

Determinants of prognosis 
 (estimated 1-year mortality) 

Low risk 
(5%) 

Intermediate risk 
(5–20%) 

High risk 
(20%) 

يمن دورا في مناطرة المريض المصاب 
 
 ليس لقثطرة القلب الا



Biomarkers: BNP 
 or  

NT-proBNP 

Determinants of prognosis 
 (estimated 1-year mortality) 

Low risk 
(5%) 

Intermediate risk 
(5–20%) 

High risk 
(20%) 

Kylhammar D, Hesselstrand R, Nielsen S, Scheele C, Radegran G. Angiogenic and inflammatory biomarkers for screening and follow-
up in patients with pulmonary arterial hypertension. Scand J Rheumatol 2018; 47:319–324 
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Determinants of prognosis 
 (estimated 1-year mortality) 

Low risk 
(5%) 

Intermediate risk 
(5–20%) 

High risk 
(20%) 

BNP 
50 ng/L 

 

BNP 
 50–800 ng/L 

 

BNP > 800 ng/L 
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NT-proBNP 

Determinants of prognosis 
 (estimated 1-year mortality) 

Low risk 
(5%) 

Intermediate risk 
(5–20%) 

High risk 
(20%) 

BNP 
50 ng/L 

 

BNP 
 50–800 ng/L 

 

BNP > 800 ng/L 

NT-proBNP 
 < 300 ng/L 

NT-proBNP 
 300–1100 ng/L 

NT-proBNP 
 >1100 ng/L 

Kylhammar D, Hesselstrand R, Nielsen S, Scheele C, Radegran G. Angiogenic and inflammatory biomarkers for screening and follow-
up in patients with pulmonary arterial hypertension. Scand J Rheumatol 2018; 47:319–324 
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The gold standard for PH 
diagnosis 
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The gold standard for PH diagnosis 

Right heart catheterization (RHC) 
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Right heart catheterization (RHC) 



RHC: Recommendation 

Confirming the diagnosis of PH  
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RHC: Recommendation 

Confirming the diagnosis of PH  

Support treatment decisions 
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RHC: Recommendation 

Confirming the diagnosis of PH  

Support treatment decisions 
RHC 



RHC 



Microvasculopathy 

RHC 



Chronic Thromboembolic Pulmonary Disease (CTEPD) 
without PH  

Chronic Thrombo-embolic Pulmonary Hypertension (CTEPH) 



Chronic Thromboembolic Pulmonary Disease (CTEPD) 
without PH  

Chronic Thrombo-embolic Pulmonary Hypertension 
(CTEPH) 

Positive  
Vasoreactivity 
 TEST  

Acute challenge with a vasodilator 
 (preferably 10–20 ppm NO) 

Galiè N et al. Eur Respir J 2015;46:903–975. 
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⬇mPAP by ≥10 mmHg to reach an absolute value ≤40 mmHg 

A positive acute response of a vasoreactivity 

with 
 Increased or unchanged CO   

Galiè N et al. Eur Respir J 2015;46:903–975. 

Positive acute responders 

Galiè N et al. Eur Respir J 2015;46:903–975. 
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May be eligible for treatment with calcium channel 
blockers (CCBs) 
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May be eligible for treatment with calcium channel 
blockers (CCBs) 

Sh
ow

s a
 lo

ng
-te

rm
 re

sp
on

se
 to

 
CC

B 
th

er
ap

y 

Galiè N et al. Eur Respir J 2015;46:903–975. 



Sh
ow

s a
 lo

ng
-te

rm
 re

sp
on

se
 to

 
CC

B 
th

er
ap

y 

Galiè N et al. Eur Respir J 2015;46:903–975. 

The hemodynamic definition of PH has been updated  



The hemodynamic definition of PH has been updated  

Definition 
Haemodynamic 
characteristics 

PH mPAP >20 mmHg 

Pre-capillary PH 
mPAP >20 mmHg 
PAWP ≤15 mmHg 
PVR >2 WU 
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 فيما يلي
 
 :حدد الخيار الخطا

.A يتراوح ضغط الشريان الرئوي الوسطي الطبيعيmean PAP     زئبق/ملم 20إلى  15بين 

.B  يقيس الضغط الإسفيني الرئوي Pulmonary Arterial Wedge         Pressure –    PAWP الضغط في الشعيرات

ذينة اليسرى 
 
 الرئوية وهذا يعادل الضغط في الا

.C وعية الدموية الرئوية
 
يمن بعد  PVRيعبر قياس مقاومة تدفق الدم عبر الا

 
عن صعوبة ضخ الدم إلى الرئ تين من البطين الا

 امتلاءه ويحسب بمعرفة الضغط الانقباضي والانبساطي للشريان الرئوي وكذلك بقياس نتاج القلب

.D ي عامل يحرض سيؤدي إلى انخفاض مقوية العضلات الملساء الدم للشرينات الرئوية مما يؤدي إلى انخفاض  cAMPا 

 ضغط الشريان الرئوي المرتفع
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3% 

 زئبق/ملم 20إلى  15بين     mean PAPيتراوح ضغط الشريان الرئوي الوسطي الطبيعي 



بناءً على ( PAH(ما هي المعايير التشخيصية الديناميكية الدموية لارتفاع ضغط دم الشريان الرئوي 

 ؟2022المحدثة لعام  ERS/ESCإرشادات 

  

A. Echocardiogram with pulmonary pressure ≥ 50 mmHg 

B. Echocardiogram with pulmonary pressure ≥ 55 mmHg 

C. RHC with mean PAP ≥ 25, wedge ≤ 10, PVR > 2 WU 

D. RHC with mean PAP ≥ 20 at rest, wedge ≤ 15, PVR > 2 WU 

E. RHC with mean PAP ≥ 20, wedge ≤ 10, PVR > 3 WU 
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27% 

145 

RHC with mean PAP ≥ 20 at rest, wedge ≤ 15, PVR > 2 WU 

Patients 

Refractory 



Patients Refractory 

Refractory Patients 

Lung transplantation  
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Screening 
Asymptomatic high-
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Screening 
 Early detection of 

symptomatic patients in 
at-risk groups 
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