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GENERAL CONSIDERATIONS

CTEPH is a two-cause disease

- Mecanichal obstruction → PEA and/or BPA are the therapeutic

options

- Microvascular disease → specific medical therapy (Riociguat

& Treprostinil plus Bosentan by 648) 
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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

• January 2025: 1367 PEAs performed

OUR PROGRAM
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AMOUNT OF PATIENTS
1367 PEAs

Covid-19

2020 ≈ 50 PEAs

Post Covid-19

2021-2024 (4 yrs): 311 PEAs

≈ 80 PEAs / yr

1994-2008 (15 yrs): 209 PEAs

≈ 15 PEAs / yr

*

2009-2019 (11 yrs): 786 PEAs

≈ 70 PEAs / yr

*
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OUTSIDE ITALY PATIENTS’ REFERRAL
FROM 10/2001 TO 1/2024  - 65 PEAs
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PERIOD YEARS REFERRAL

1994 - 2008 15 2/209 (1.0%)
[FIRST PATIENT  - 2001]

2009 - 2018 10 10/697 (1.4%)

2019 - 2023 5 38/383 (9.9%)
[2023  - 19/85  - 22.4%]

2024 - 2025 2 15/78 (19.2%)
[2024  - 15/70  - 21.4%]

1994 - 2025 32 65/1367 (4.8%)

OUTSIDE ITALY PATIENTS’ REFERRAL
DIVIDED BY PERIOD OF ACTIVITY
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MAIN WORLD PEA CENTERS 2019

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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HOSPITAL MORTALITY

DIVIDED BY FUNCTIONAL CLASS

NYHA HOSPITAL MORTALITY

II – 17% 2/225 (0.9%)

III – 47% 27/644 (4.2%)

IV – 36% 65/498 (13.1%)

II & III & IV 94/1367 (6.9%)
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PTS’ REFERRAL FROM 71 HOSPITAL IN LOMBARDIA
FROM 4/1994 TO 1/2025  - 348 PEAs
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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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OPERABILITY ASSESSMENT

- Gold-standard and curative procedure for CTEPH is PEA

- Different operability percentage in different Centers

- Second opinion is mandatory before judge a patient inoperable
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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 m

350 m

Yellow fiber-lipid plaque

12 m
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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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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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PCa AT 3 AND 12 MONTHS AFTER PEA
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LONG-TERM SURVIVAL
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EVOLVING SURGICAL TECHIQUE
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SURGICAL PROTOCOL

Original San Diego protocol Actual Pavia protocol

Aortic clamp Yes No

Cardioplegia Yes No

Hypothermia Deep (18°C) Moderate (24°C)

Circulatory arrest

A single (20 minutes) period of 

circulatory arrest for each side

(with a maximum of a third)

Intermittent short periods of

circulatory arrest (≈7-10 minutes)

followed by short re-perfusion

periods (≈5-7 minutes)

Total arrest time Maximum 60 minutes Maximum 180 minutes

TAILORED AND LESS INVASIVE SURGERY

Since 15-10-2009 (#245)
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SURGICAL PROTOCOL

Up today more than 1100 PEAs were performed with this technique
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In our hands a longer total circulatory arrest time (average 95 

minutes) allows the surgeon to explore all the pulmonary

vascular bed, find unexpected chronic thromboembolic material

and clean more branches (average 45) even in more complex

clinical conditions as well as in distal vassels

CONCLUSIONS
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J Heart Lung Transplant 2018 Jul;37(7):860-4

NEUROPSYCHOLOGICAL OUTCOMES
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The main findings of our study show that repeated short periods 

of MHCA during PEA in patients with CTEPH did not result in 

any neuropsychological complications

More remarkably, we found a statistically significant postsurgical 

improvement in motor speed, which was accompanied by a better 

quality of life and reduced symptoms of depression and anxiety

NEUROPSYCHOLOGICAL OUTCOMES
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AGE
OF 1367 PEAs
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PAVIA CTEPH PROGRAM
January, 1st – December, 31st 2024  564

NewEvaluations (244 pts) CTEPH-PEA FUP (320 pts)

CONFIRMED (155 pts - 64%) OTHER DIAGNOSIS (89 pts - 36%)

• PROXIMAL LESIONS (118 pts)

- 70 PEAs

- 11 waiting for PEA

- 14 refused evaluation for PEA

- 5 refused PEA

- 4 with severe co-morbidities

- 5 died before evaluation or before PEA

- 6 CTEPD

- 2 bridge to candidacy

- 1 too frigile

• RECENT APE (10 pts)

- 9 medical therapy

- 1 surgical embolectomy

• PULMONARY ARTERY SARCOMA (9 pts)

- 7 PEAs

- 1 inoperable

- 1 died before evaluation or PEA

• MINIMAL CTE LESIONS WITHOUT/LOW PH (14 pts)

- 14 medical therapy

• APE OVER CTE LESIONS (6 pts)

- 6 3-month medical therapy → new evaluation

• PREVIOUS APE WITHOUT SIGNS (12 pts)

- 12 medical therapy

• PULMONARY ARTERY ANEURYSM (1 pt)

- 1 medical therapy

• DISTAL LESIONS / COMORBIDITIES / REFUSED / 

AFTER PEA (37 pts)

- Medical therapy (15 pts)
- 11 Mono Rio

- 4 Combination Rio+Bos

- BPA program (22 pts)

- 12 BPAs

- 10 waiting for BPA

• MISCELLANEOUS (37 pts)

OPERABILITY RATE thecnically 76%

+ refused 64%

+ other 52%
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AGE

J Cardiovasc Med (Hagerstown)

2021 Jul 1;22(7):567-571.
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AGE

J Cardiovasc Med (Hagerstown). 2021 Jul 1;22(7):567-571.
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• Technically inoperable

• Excessive comorbidities

• Refuse PEA

• Post-PEA non suitable of redo-PEA

PATIENTS SUITABLE FOR BPA - CLASSIFICATION
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• National referral program  

• Begin: March 2023

• January 2025: 25 pts with 98 BPAs performed

OUR NEW BPA’s PROGRAM
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BPA: PATIENTS & PROCEDURES
25 & 98

66

26

6

13 12

0

Patients with BPAs in two different 

years are counted just once
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COVID-19 

IMPACT

ON PEA 

PROGRAM

-40% VS. 2019

CASE REPORT

PEA IN CATHETER-INDUCED CTEPH PATIENT
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Associated Medical Conditions:

- splenectomy

- ventriculoatrial shunt

- chronic central venous line

- inflamatory bowel disease

- osteomyelitis

AMC hospital mortality 24%

Non-AMC hospital mortality 9%
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M.N. 52-year-old man

1979 (12 yrs old) ventriculo-atrial shunt due to a non-

communicating hydrocephalus

1989 (22 yrs old) post-traumatic splenectomy 

19-month-hystory of worsening dyspnea before admission to 

our Center

CASE REPORT

PEA IN CATHETER-INDUCED CTEPH PATIENT
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 September 2020 admission to our 

Center

 Thrombophilic conditions:

• MTHFR gene → C677T mutation

• ANA+

BEFORE PEA

O2 (L/min) 2

WHO IV

PaO2 (mmHg) 65.3

6MWT (m) 70; interruption due to 

desaturation (O2-sat 

83%)

sPAP (mmHg) 66

dPAP (mmHg) 27

mPAP (mmHg) 44

PVR (dyne*sec*cm-5) 655 

CO (L/min) 3.3

CI (L/min/m2) 1.8

TWO RISK FACTORS FOR 

DISTAL DISEASE:

- CATHETER

- SPLENECTOMY

ONE RISK FACTOR FOR 

CTEPH:

- TROMBOPHILIA

CASE REPORT

PEA IN CATHETER-INDUCED CTEPH PATIENT
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MIP RECONSTRUCTIONS BEFORE PEA

LATERAL VIEW RIGHT PA LATERAL VIEW LEFT PAFRONTAL VIEW R&L PA

CASE REPORT

PEA IN CATHETER-INDUCED CTEPH PATIENT
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DUAL SCAN BEFORE PEA

RIGHT LUNG - SAGITTAL R&L LUNGS - CORONAL R&L LUNGS - AXIAL

CASE REPORT

PEA IN CATHETER-INDUCED CTEPH PATIENT
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 Confirmed CTEPH with distal disease (J3 on both 

lungs with very few lesions in the left lung)

 Presence of PFO 

 Scheduled procedures: closure of PFO, removal of 

V-A catheter, right monolateral PEA

 6-month FUP with check of anatomical, 

hemodynamic and functional results

 Consideration for potential BPA in the left lung if 

6-month FUP results will be not optimal

RIGHT 

LUNG

LEFT 

LUNG

CASE REPORT

PEA IN CATHETER-INDUCED CTEPH PATIENT
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 Small neck incision, VA catheter resection and connection with external 

drainage system

 RA incision, PFO closure, removal SVC-RA portion of VA catheter 

 Right PEA with confirmed distal lesions (RUL J3; RML J4; RLL J3)

 Moderate hypotermia (23° C) with total circulator arrest 67 min and no 

aortic clamp / no use of cardioplegia (Pavia’s protocol)

 Total treated / reopened branches 21 (6 RUL; 15 RLL) up to fifth grade of 

bifurcation (principal, lobar, segmental, first subsegmental and second 

subsegmental) 

 Sternum left open with Teflon patch for right ventricle disfunction (closed 

on 2nd POD)

 Complete removal of VA shunt on 15th POD (brain CT before surgical 

removal shows no evidence of enlargement of the ventricular system with 

VA shunt closed)

 Discharged on 21st POD

CASE REPORT

PEA IN CATHETER-INDUCED CTEPH PATIENT
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Perfusion scintigraphy is a morphological 

and functional exam

Before PEA Right Lung 38%

Left Lung 62%

6-month FUP Right Lung 74%

Left Lung 26%

CASE REPORT

PEA IN CATHETER-INDUCED CTEPH PATIENT
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MIP RECONSTRUCTIONS AT 6-MONTH FUP

LATERAL VIEW RIGHT PA FRONTAL VIEW R&L PA LATERAL VIEW LEFT PA

CASE REPORT

PEA IN CATHETER-INDUCED CTEPH PATIENT
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DUAL SCAN AT 6-MONTH FUP

RIGHT LUNG - SAGITTAL R&L LUNGS - CORONAL R&L LUNGS - AXIAL

CASE REPORT

PEA IN CATHETER-INDUCED CTEPH PATIENT



UNIVERSITY OF PAVIA SCHOOL OF MEDICINE  - SAN MATTEO HOSPITAL  - PAVIA  - ITALY

BEFORE PEA 6-MONTH FUP 2-YEAR FOLLOW-UP

O2 (L/min) 2 No No

WHO IV I I

PaO2 

(mmHg)

65 89 89

6MWT (m) 70 450 490

+37%

+542% +600%

+37%

CASE REPORT

PEA IN CATHETER-INDUCED CTEPH PATIENT
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BEFORE PEA 6-MONTH FUP 2 YEARS FUP

sPAP

(mmHg)

66 36 27

dPAP

(mmHg)

27 15 10

mPAP

(mmHg)

42 24 18

PVR 

(dyne*s

ec*cm-5)

655 245 160

CO 

(L/min)

3.3 5.6 5

CI

(L/min/

m2)

1.8 3.1 3

-43%

+70%

-63%

-43%

-76%

-57%

CASE REPORT

PEA IN CATHETER-INDUCED CTEPH PATIENT
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 At 6-month FUP we already have WHO functional class I, normalization of pO2 

(stop O2-therapy), adequate 6mwt distance and normal hemodynamic data → no 

need to consider BPA on the left lung

 At 2-year FUP we confirm WHO functional class I, normalization of pO2, 

adequate 6mwt distance (490 m) and normal hemodynamic data

CASE REPORT

PEA IN CATHETER-INDUCED CTEPH PATIENT


