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GENERAL CONSIDERATIONS

CTEPH is a two-cause disease 

- Mecanichal obstruction → PEA and BPA are the therapeutic 
options 

- Microvascular disease (Eisenmenger-like syndrome) → specific 
medical therapy
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TREATMENT FOLLOWING GUIDELINES 
MULTIMODAL APPROACH
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• PEA’s assessment 

• Specific medical therapy 

• BPA’s assessment

EVALUATION PROCESS 
DIFFERENT STEPS
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• National and international referral program   

• Begin: April 1994 

• April 2026: 1474 PEAs performed

OUR PROGRAM
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AMOUNT OF PATIENTS 
1474 PEAs
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2009-2019 (11 yrs): 786 PEAs 
≈ 70 PEAs / yr

Covid-19 
2020 ≈ 50 PEAs 

Post Covid-19 
2021-2025 (5 yrs): 401 PEAs 

≈ 80 PEAs / yr

*

*

1994-2008 (15 yrs): 209 PEAs 
≈ 15 PEAs / yr
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PATIENTS’ REFERRAL

FROM 4/1994 TO 4/2026 
1394 PEAs 

LOMBARDY vs. OTHERS 
27% vs. 73%
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OUTSIDE ITALY PATIENTS’ REFERRAL 
FROM 10/2001 TO 4/2026  -  80 PEAs
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PTS FROM ROMANIA 

44 / 80 → 56% 

First incidental patient 7/2013 

Routinely since 7/2020 

Up to 4/2026 (70 months) → 42 pts 

28	 Bucharest Cardiology 
  4	 Cluj-Napoca Cardiology 
  4	 Târgu Mureş Cardiology 
  3	 Bucharest Pulmonology   
  1	 Arad Cardiology 
  1	 Iasi Cardiology 
  1	 Timişoara Pulmonology
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MAIN WORLD PEA CENTERS

Paris, France 
≈110 PEAs / year 

NATIONAL REFERRAL PROGRAM FOR 
EXCELLENCE

Cambridge, UK 
≈230 PEAs / year 

NATIONAL REFERRAL PROGRAM BY LAW

Pavia, Italy 
≈90 PEAs / year 

MORE THAN ONE PROGRAM

Bad Nauheim, Germany 
≈130 PEAs / year 

MORE THAN ONE PROGRAM

San Diego, California, USA 
≈250 PEAs / year 

NATIONAL REFERRAL PROGRAM FOR 
EXCELLENCE
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GENERAL CONSIDERATIONS

Better diagnosis → more evaluated patients at a earlier stage 

Better treatment → more operated patients with better results
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INDICATIONS FOR SURGERY  
NYHA FUNCTIONAL CLASS
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INTERNATIONAL  REGISTRY 
2007-2008

PAVIA 
2007-2008

PAVIA 
2017-2018

II 25% 5% 19%

III 65% 50% 56%

IV 10% 45% 25%

NYHA FUNCTIONAL CLASS
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NYHA FUNCTIONAL CLASS

Long-Term Outcome of Patients With Chronic
Thromboembolic Pulmonary Hypertension
Results From an International Prospective Registry
Marion Delcroix, MD; Irene Lang, MD; Joanna Pepke-Zaba, MD; Pavel Jansa, MD;
Andrea M. D’Armini, MD; Repke Snijder, MD; Paul Bresser, MD; Adam Torbicki, MD;
Soren Mellemkjaer, MD; Jerzy Lewczuk, MD; Iveta Simkova, MD; Joan A. Barbera, MD;
Marc de Perrot, MD; Marius M. Hoeper, MD; Sean Gaine, MD; Rudolf Speich, MD;
Miguel A. Gomez-Sanchez, MD; Gabor Kovacs, MD; Xavier Jais, MD; David Ambroz, MD;
Carmen Treacy, BSc; Marco Morsolini, MD; David Jenkins, MD; Jaroslav Lindner MD;
Philippe Dartevelle, MD; Eckhard Mayer, MD; Gerald Simonneau, MD

Circulation. 2016;133:859-871
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NYHA FUNCTIONAL CLASS

NYHA class IV is one of the most important predictor 
of death increasing mortality by 4 to 5 times

Circulation. 2016;133:859-871
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SPECIFIC THERAPY BEFORE PEA? 
ACCORDING TO GUIDELINES
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GENERAL CONSIDERATIONS

Better diagnosis → more evaluated patients at a earlier stage 

Better treatment → more operated patients with better results
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PROXIMAL LESIONS
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mPAP	 43    →   20    (-53%) 
CO	 3.3   →   6.9   (+109%) 
PVR	 994  →   220  (-78%)

PROXIMAL SURGICAL SPECIMENS

mPAP	 50      →   25    (-50%) 
CO	 2.6     →   4.4   (+69%) 
PVR	 1385  →   364  (-74%)
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DISTAL LESIONS
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Reverse Ariadne’s thread

CORRECT ARTERIAL DISSECTION PLANE
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SURGICAL SPECIMENS
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TRICKS AND TIPS
Proximal dissection for the clearance of distal obstructions

900 µm

350 µm

Yellow fiber-lipid plaque

12 µm
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TRICKS AND TIPS
Proximal dissection for the clearance of distal obstructions

Sample
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DISTAL LESIONS
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DISTAL LESIONS
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TREATED BRANCHES

75 TREATED BRANCHES

63 TREATED BRANCHES

59 TREATED BRANCHES

IT IS IMPORTANT THE 
NUMBER OF TREATED 

BRANCHES?
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Int J Cardiol 2023 Apr 15;377:124-130 

PULMONARY ENDARTERECTOMY IN CHRONIC THROMBOEMBOLIC 
PULMONARY HYPERTENSION: RELATIONSHIP BETWEEN TREATED 
BRANCHES AND OUTCOME
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BACKGROUND

In patients with CTEPH undergoing PEA it is important to 
minimize residual obstructions, in order to achieve low 
postoperative pulmonary vascular resistances and better clinical 
results
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METHODS

In 564 consecutive CTEPH pts undergoing PEA the count of the 
number of treated branches was performed directly on the surgical 
specimens 
Post-operative FUP visits were scheduled at 3 months and 12 
months after surgery including right heart catheterization and 
modified Bruce test
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ANALYSIS OF PEA SPECIMENT

Surgical specimen of a patient with a Jamieson 1 disease. A total of 32 branches 
were treated in the right lung and 29 in the left lung. The arrows indicate how 5 
treated branches were counted in the middle lobe of the right lung 
S= superior lobe, M = middle lobe, I = inferior lobe, L = lingula
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POPULATON

The population was divided into tertiles based on the number of 
treated branches  

Group 1	 from 4 to 30 treated branches		 194 patients  
Group 2	 from 31 to 43 treated branches	 190 patients 
Group 3	 from 44 to 100 treated branches	 180 patients 
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MPAP AT 3 AND 12 MONTHS AFTER PEA
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PVR AT 3 AND 12 MONTHS AFTER PEA
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LONG-TERM SURVIVAL
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• Technically inoperable 

• Excessive comorbidities (distal lesions)  

• Refuse PEA (distal lesions) 

• Post-PEA non suitable of redo-PEA

PATIENTS SUITABLE FOR BPA 
DIFFERENT SUBGROUPS
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• National and International referral program   

• Begin: March 2023 

• May 2026: 38 pts with 181 BPAs performed

OUR BPA’s PROGRAM
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BPA: PATIENTS & PROCEDURES 
   38 & 181
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PEA AND BPA / YEAR 
1483 PEAs & 181 BPAs

*
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Figure 6 Pulmonary angioplasty procedure (19)

BPA PROCEDURE

- performed via femoral or 
jugular vein using 6, 7, or 8 
French catheters 
- segmental angiography to 
precisely localize the lesions 

- balloons from 2 mm to 6 
mm are inflated between 4 
and 14 atm
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Figure 7 Representative angiograms showing favorable versus unfavorable anatomy of angioplasty

BPA PROCEDURE
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- Procedural complications include vessel rupture or dissection, 
hemoptysis, reperfusion edema, and pulmonary parenchymal 
hemorrhage  

- Maximum one or two lobes should be treated per session 

- Two sessions in 10 days, revaluation after three months 
following procedure, till a total of 10 sessions

BPA PROCEDURE
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SPECIFIC THERAPY BEFORE BPA? 
According to guidelines
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Add riociguat to BPA

Operability assessment by CTEPH MDT 
Newly diagnosed, treatment-naïve

Inoperable 
NYHA ≥II, PVR >4 Wood units

Riociguat 1–2.5 mg tidb 2–6 BPA sessionsc

Screening  
(≤30 days)

Week 26  
(primary endpoint)

Week 52 

RACE study

Extended  
6-month 
follow-up

 Riociguata  BPAa 

Add BPA to riociguat

Full evaluation after 6 months 
Add-on therapy in patients with persistent symptomatic PH  

(PVR >4 Wood units)

SPECIFIC THERAPY BEFORE BPA? 
According to literature
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Thank you for your attention

andreamaria.darmini@unipv.it 
a.darmini@smatteo.pv.it 

centroipcte@smatteo.pv.it 
+39-335-7119004 

+39-0382-501058


