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Abbreviations we shall use 

• PH, pulmonary hypertension 

• PAH, pulmonary arterial hypertension 

• CTEPH, chronic thromboembolic pulmonary hypertension 

• RV, right ventricle 



69 y old female: presenting complaint 

2 years gradual onset breathlessness on exertion 

 

18 months ankle swelling 

 

2 weeks admitted to local hospital: poor exercise  
  tolerance and low oxygen saturation 

  echo: ? pulmonary hypertension 

  treated with diuretics and oxygen 

  Referred to Hammersmith Hospital 



69 y old female 

WHO functional class III 

Breathless walking 10 – 15 m on the level 

No orthopnoea, paroxysmal nocturnal dyspnoea, syncope, 
angina or palpitations 

 

Past history 

 Systemic hypertension 

 Diabetes mellitus type II 

 Chronically impaired renal function (eGFR 34  
  ml/min) 

 Hypercholesterolaemia 

 Cholecystectomy 

 

 



69 y old female 

Ex smoker 20 y previously; 20 pack years 

 

Treatment included: 

 furosemide 40 mg od 

 bisoprolol 5 mg od 

 ramipril 2.5 mg od 

 atorvastatin 40 mg od 

 gliclazide MR 30 mg od 

 



69 y old female: examination 

Well perfused 

Heart rate 80 bpm 

BP 135/74 

Jugular venous pressure +7 cm by inspection 

Respiratory rate 18 per min 

Oxygen saturation on oxygen  2l/min = 85% 

Loud P2 

Chest clear 

Mild ankle swelling 



Echocardiogram tricuspid regurgitation velocity 



Question: In this patient with a tricuspid 
regurgitation velocity of 3.3 m/s: 

• This velocity translates to a mean pulmonary artery 
pressure of 24 mm Hg 

• Pulmonary hypertension is not likely to be clinically 
significant and the patient should be discharged 

• The patient requires cardiac catheterization 

• Further echocardiographic measurements should be 
made at this stage 

• A repeat echocardiogram should be undertaken in 4 - 
6 months 



Echocardiographic probability of PH in symptomatic 
patients with a suspicion of PH 

Galie N et al Eur Heart J 2016;37:67-119 & Eur Respir J 46:903-75 



Echocardiogram parasternal short axis 



Echocardiogram apical 4 chamber 



Echocardiogram pulmonary artery 29 mm 



Echocardiographic signs suggesting PH used to assess the probability 
of PH in addition to tricuspid regurgitation velocity measurements 

For more details of echocardiographic assessment of the right heart: 

 

Rudski LG et al J Am Soc Echocardiogr 2010;23:685-713 

Lang RM et al Eur Heart J Cardiovasc Imaging 2015;16:233-71. 

Galie N et al Eur Heart J 2016;37:67-119 & Eur Respir J 46:903-75 



Diagnostic management according to echocardiographic 
probability of PH in patients with symptoms, without risk 
factors for PAH or CTEPH 

Galie N et al Eur Heart J 2016;37:67-119 & Eur Respir J 46:903-75 



Diagnostic algorithm for pulmonary hypertension 

Galie N et al Eur Heart J 2016;37:67-119 & Eur Respir J 46:903-75 



Diagnostic algorithm for pulmonary hypertension 

Galie N et al Eur Heart J 2016;37:67-119 & Eur Respir J 46:903-75 



Resting ECG on admission 



Lung function 

FEV1   2.36 l  119% predicted 

FVC   3.18 l  133% 

FEV1/FVC  74% 

 

Gas diffusion and static lung volumes were not measured 
because the patient was unwilling to come off oxygen. 
  

On 2 l/min oxygen: 

 

pH  7.45 

PCO2  4.3 kPa 

pO2  7.2 kPa 

Bicarbonate 24.0 mmol/l 

 

 



Chest radiograph on admission 



Coronal CT showing dilated pulmonary artery and normal lung parenchyma 
with preserved volumes; CTPA showed no thromboembolism 



Diagnostic algorithm for pulmonary hypertension 

Galie N et al Eur Heart J 2016;37:67-119 & Eur Respir J 46:903-75 

What would 
you do next? 



Question: What would you do next? 

• The clinical picture now looks like COPD: commence 
therapy for COPD 

• Arrange a ventilation perfusion scan 

• Undertake cardiac catheterization 

• Arrange a dual energy CT scan 

• Arrange a cardiopulmonary exercise test 



Diagnostic algorithm for pulmonary hypertension 

Galie N et al Eur Heart J 2016;37:67-119 & Eur Respir J 46:903-75 



Ventilation perfusion scan: bilateral reduced upper lobe 
perfusion and normal ventilation scan 



Diagnostic algorithm for pulmonary hypertension 

Galie N et al Eur Heart J 2016;37:67-119 & Eur Respir J 46:903-75 



Recommendations for right heart catheterization in pulmonary 
hypertension 

Galie N et al Eur Heart J 2016;37:67-119 & Eur Respir J 46:903-75 



84/37 

  m54 

123/70 m92 

= 10 

mean 14 

2.1 
12.6 
21.3 

Vasoreactivity study with 
nitric oxide negative 

64% 

95% 

66% 

64% 

91% 



Pulmonary Arterial Hypertension 
PAPm ≥ 25 mmHg; PAWP ≤ 15 mmHg; PVR > 3 Wood units 

PAPm, mean pulmonary artery pressure; PAWP, pulmonary artery wedge pressure; 
PVR, pulmonary vascular resistance  



Diagnostic algorithm for pulmonary hypertension 

Galie N et al Eur Heart J 2016;37:67-119 & Eur Respir J 46:903-75 



What type of PAH? 

History 

• No history of exposure to drugs / toxins associated with PAH 

• No history of travel outside Europe 

• No history of congenital heart disease 

• Two generation family history negative 

 

Blood tests 

• Autoimmune screen negative including antinuclear antigen, 
double stranded DNA ELISA, ANCA, antiphospholipid 
antibodies 

• HIV-1 and HIV-2 serology negative 

• Hepatitis B and C negative 

• Liver function tests were within normal limits 



Liver ultrasound showing normal portal blood flow 



Diagnostic algorithm for pulmonary hypertension 

Galie N et al Eur Heart J 2016;37:67-119 & Eur Respir J 46:903-75 



Comprehensive clinical classification  
of pulmonary hypertension 

37 

Galie N et al Eur Heart J 2016;37:67-119 & Eur Respir J 46:903-75 

Pulmonary arterial hypertension 

describes a group of PH patients 

with pre-capillary PH with a 

PVR >3 Wood units 



Risk assessment in pulmonary arterial hypertension 

Galie N et al Eur Heart J 2016;37:67-119 & Eur Respir J 46:903-75 



Galie N et al Eur Heart J 2016;37:67-119 & Eur Respir J 46:903-75 

Risk assessment in pulmonary arterial hypertension 



Question: What treatment of PAH do you recommend? 

1. Calcium channel blocker 

2. Phosphodiesterase 5 inhibitor or a soluble 
guanylate cyclase stimulator 

3. Endothelin receptor antagonist 

4. Intravenous epoprostenol with/without a 
phosphodiesterase 5 inhibitor or an endothelin 
receptor antagonist 

5. Combination of 2 and 3 



Galie N et al Eur Heart J 2016;37:67-119 & Eur Respir J 46:903-75 

Treatment algorithm for pulmonary arterial hypertension 



Galie N et al Eur Heart J 2016;37:67-119 & Eur Respir J 46:903-75 

Treatment algorithm for pulmonary arterial hypertension 



PAH treatment 

• Sildenafil 20 mg TDS 

• Warfarin to maintain INR 2-3 

• Long-term oxygen therapy 3l/min 

• Furosemide 40 mg 

• Bisoprolol discontinued 
 



Galie N et al Eur Heart J 2016;37:67-119 & Eur Respir J 46:903-75 

Risk assessment after 3 months monotherapy 



Galie N et al Eur Heart J 2016;37:67-119 & Eur Respir J 46:903-75 

Treatment algorithm for pulmonary arterial hypertension 



PAH treatment: sequential combination 

• Ambrisentan 10 mg OD 

• Sildenafil 20 mg TDS 

• Warfarin to maintain INR 2-3 

• Long-term oxygen therapy 3l/min 

• Furosemide 40 mg 

 
 



Galie N et al Eur Heart J 2016;37:67-119 & Eur Respir J 46:903-75 

Risk assessment after 6 months dual oral combination 



PAH treatment: sequential combination at 6 months treatment 

• Nebulized iloprost 2.5 mcg uptitrated to 5 mcg six times/day 

• Ambrisentan 10 mg OD 

• Sildenafil 20 mg TDS 

• Warfarin to maintain INR 2-3 

• Long-term oxygen therapy 2l/min 

• Furosemide 40 mg 

 



A 69 year old female presented with 2 years worsening 
breathlessness and ankle swelling in WHO functional class III. 
 
Investigations confirmed a diagnosis of idiopathic PAH 
which was treated with sequential monotherapy. Although 
she improved, she remained at intermediate risk. Treatment 
has been escalated with the aim of achieving a low risk state. 
 

Summary 



Key messages 

• Echocardiography is the first investigation of 
choice in patients with suspected pulmonary 
hypertension 

 

• Follow the diagnostic algorithm 

 

• Risk assessment guides treatment of PAH 


