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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE

INTRODUCTION

• Chronic thromboembolic pulmonary hypertension (CTEPH)

represents the only type of pulmonary hypertension surgically 

treatable, in the majority of cases, without transplant

• This life-saving conservative surgery is called pulmonary 

endarterectomy (PEA)
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CTEPH AND LUNG TRANSPLANTATION: THE PAVIA EXPERIENCE

LTx IN THE GUIDELINES FOR CTEPH



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

First HLTx for CTEPH

First PEA

First PEA in patient 

listed for DLTx

First DLTx for CTEPH

SURGICAL TREATMENT OF CTEPH

First PEA in patient 

previously enrolled in 

RCT for inoperability

PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 
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1991 2013

HEART-LUNG TRANSPLANTATION: THE PAVIA EXPERIENCE

SURGICAL TREATMENT OF CTEPH

From Transplant

to Conservative Surgery (PEA)

21 vs. 531

22 yrs
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J Heart Lung Transplant. 2016 Jan 6. pii: S1053-
2498(16)00024-3

PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE

SURGICAL TREATMENT OF CTEPH
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE

SURGICAL TREATMENT OF CTEPH
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- Albania 1
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- Uganda 1

- U.S.A. 1
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≥ 41 pts

PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

PATIENTS’ REFERRAL

FROM 4/1994 TO 3/2017

780 PEAs
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

PATIENTS’ REFERRAL FROM LOMBARDIA
FROM 4/1994 TO 3/2017  - 219 PEAs
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INDICATIONS FOR SURGERY

• The indications for the surgical treatment of these 

patients are based on

CLINIC

HEMODYNAMIC

• The indications for the type of surgery are based on

ANATOMY
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

CLINIC

• CTEPH patients must be in NYHA functional class III or 

IV before being evaluated for PEA!

• Since 2003 we have performed PEA in NYHA functional 

class II patients, given the natural history of CTEPH 

…and the good results of PEA…
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

INDICATIONS FOR SURGERY 
NYHA FUNCTIONAL CLASS
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

NYHA CLASS DISTRIBUTION

2007-2008

INTERNATIONAL REGISTRY PAVIA

II 25% 5%

III 65% 50%

IV 10% 45%
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

WHO CLASS DISTRIBUTION
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

PATHOPHYSIOLOGY

1. Hypertensive remodeling of the patent pulmonary 

vascular bed (Eisenmenger-like) due to volume 

and pressure overload

ACCORDING TO THE LENGTH OF THE DISEASE
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

PATHOPHYSIOLOGY

2. Chronic arteriopathy of the obstructed branches 

with calcifications and possible retraction of the 

distal vessels

ACCORDING TO THE LENGTH OF THE DISEASE
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

PATHOPHYSIOLOGY

3. Plexiform lesions stemming from the capillary bed

ACCORDING TO THE LENGTH OF THE DISEASE
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CUMULATIVE PROPORTION SURVIVING
OF 780 PEAs

Cumulative Proportion surviving

92,5% 90% 89,2% 83,9%
81,2% 78,6%

76,6%
71,3% Dsd

Hospital mortality

Overall 62/780 (7.9%)

WHO II 1/122 (0.8%)

WHO III 20/363 (5.5%)

WHO IV 41/295 (13.9%)

Apr 94 – Dec 08 15 yrs 22/209 (10.5%)

Jan 09 – Dec 13 5 yrs 24/322 (7.5%)

Jan 14 – Mar 17 4 yrs 16/249 (6.4%)
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

CLINIC

• Full anticoagulation for at least 3 months
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

INDICATIONS FOR SURGERY 
THREE MONTHS OF ANTICOAGULATION THERAPY
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Before PEA After PEA

mPAP 49 mmHg 22 mmHg

PVR 1301 dyne*sec*cm-5 156 dyne*sec*cm-5

CO 2.1 l/min 4.1 l/min

CI 1.4 l/min/m2 2.8 l/min/m2

PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

INDICATIONS FOR SURGERY 
THREE MONTHS OF ANTICOAGULATION THERAPY
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

INDICATIONS FOR SURGERY

• The indications for the surgical treatment of these 

patients are based on

CLINIC

HEMODYNAMIC

• The indications for the type of surgery are based on

ANATOMY
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

HEMODYNAMIC

• Pulmonary hypertension (mPAP  25 mmHg)

• Causing low cardiac output

• Resulting in calculated pulmonary vascular resistances 

(PVR) > 300 dyne*sec*cm-5
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

CTEPH & CTED PATIENTS
738 & 42 → 780 PEAs
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

INDICATIONS FOR SURGERY

• The indications for the surgical treatment of these 

patients are based on

CLINIC

HEMODYNAMIC

• The indications for the type of surgery are based on

ANATOMY
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

PROXIMAL LESIONS
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

DISTAL LESIONS
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

EVOLVING SURGICAL TECHIQUE
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

SURGICAL TREATMENT

Original San Diego protocol 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

LESS INVASIVE SURGERY
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE

CEREBRAL PROTECTION STRATEGY
NIRS MONITORING

Near-InfraRed Spectroscopy

Clinical application



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

PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE

CEREBRAL PROTECTION STRATEGY
NIRS MONITORING

Near-InfraRed Spectroscopy
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SURGICAL INSTRUMENTS
Derived from minimally-invasive cardiac surgery
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

JAMIESON TYPE I vs. TYPE II vs. TYPE III

L.M.E.L. - 65 yrs M - Oct 2004 - PEA #119

mPAP 39    → 19    (-51%)

CO 4.4   → 5.4   (+23%)

PVR 665  → 222  (-66%)

G.A.C. - 52 yrs F - Jul 2003 - PEA #96

mPAP 48      → 27    (-44%)

CO 2.1     → 4.2   (+100%)

PVR 1638  → 381  (-77%)

B.A. - 43 yrs F - May 2009 - PEA #233

mPAP 49      → 19  (-61%)

CO 3.3      → 5.0  (+52%)

PVR 1067      → 224  (-79%)

DHCA 59 min

DHCA 81 min

MHCA 135 min

DHCA, deep hypothermic circulatory arrest;

MHCA, moderate hypothermic circulatory arrest.
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TRICKS AND TIPS
The correct arterial dissection plane

Yellow-fibro-lipid plaques included into the removed cast

PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 
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TRICKS AND TIPS
The correct arterial dissection plane

Yellow-fibro-lipid plaques included into the removed cast

PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 
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TRICKS AND TIPS

Proximal dissection for the clearance of distal obstructions

PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 
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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

PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 



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

TRICKS AND TIPS

Proximal dissection for the clearance of distal obstructions

Sample
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DISTAL LESIONS

CURRENTLY   OPERABLE
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

JAMIESON TYPE III
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

DISTAL LESIONS
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

DISTAL LESIONS
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

DISTAL LESIONS
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

DISTAL LESIONS
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

DISTAL LESIONS
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

DISTAL LESIONS
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PEA SPECIMEN 

PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

PEA EXPERT CENTER
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

PEA CENTER EXPERT
BETTER DEFINITION
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CLINICAL CASES OF CTEPH: LATE DIAGNOSIS, LATE REFERRAL and MISDIAGNOSIS
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

PEA EXPERT CENTER  
PROPOSED DEFINITION

• In most recent guidelines

no definition of PEA expert center

no suggestion of second opinion
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

REFERENCE
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

REFERENCE
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

REFERENCE
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

MAIN WORLD PEA CENTERS

Paris, France

≈110 PEAs / year
NATIONAL REFERRAL PROGRAM 

FOR EXCELLENCE

Cambridge, UK

≈160 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

≈180 PEAs / year
NATIONAL REFERRAL PROGRAM 

FOR EXCELLENCE
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

4%
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

AGE
OF 780 PEAs
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

ELDERLY PATIENTS



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

PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

ELDERLY PATIENTS
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

ELDERLY PATIENTS
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

ELDERLY PATIENTS
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE

PAVIA CTEPH PROGRAM
January, 1st – December, 31st 2016 → 436

New Evaluations (204 pts)           CTEPH-PEA FUP (226 pts)           PAS-PEA FUP (6 pts)

CONFIRMED (100 pts) OTHER DIAGNOSIS (104 pts)

• RECENT APE (30 pts)

- 29 mt - 1 mt+ECMO 

• MISCELLANEOUS (30 pts)

- 10 Eisenmenger - 9 PAH

- 3 Talassemia&splenectomy - 2 PVOD

- 1 PH by hydatid cystic embolism - 1 HIV

- 1 Mediastinal fibrosis - 1 1&4

- 1 Systemic  sclerosis - 1 1&5

• PULMONARY ARTERY SARCOMA (10 pts)

- 8 PEAs     - 1 inoperable     - 1 refused PEA

• PULMONARY ARTERY ANEURYSM (2 pts)

- 2 medical therapy

• MINIMAL CTE LESIONS WITHOUT/LOW PH (12 pts)

- 12 medical therapy

• APE OVER CTE LESIONS (3 pts)

- 3 3-month m.t.→new evaluation

• PREVIOUS APE WITHOUT SIGNS (12 pts)

- 12 medcal therapy

• PROXIMAL LESIONS (92 pts)

- 72 PEAs (8 pts evaluated in 2015)

- 3 waiting for PEA

- 5 refused evaluation for PEA

- 2 refused PEA

- 13 with severe co-morbidities

- 3 died before evaluation or before PEA

- 1 association with severe emphysema

- 1 complete occlusion with vessel retraction

• DISTAL LESIONS (7 pts)

- 6 controindication for DLTx

- 1 too early for DLTx

• PERSISTENT / RECURRENT PH (1 pt)

- 1 medical therapy

• BPA evaluation (4 pts) – 4 waiting

OPERABILITY RATE thecnically 92%

+ refused 85%

+ comorbility 70%
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

BENEFiT STUDY
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CHEST STUDY
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BALLON PULMONARY ANGIOPLASTY
PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

• An option for INOPERABLE pts, HIGH SURGICAL RISK pts, 

REFUSED PEA pts, POST-PEA pts

• Important to performed BPA in expert Centre able to offer all 

options to the pts and with a high volume pts

• BPA program started in Pavia on February 2017: to date 3 pts 

treated out of a total of 8 pts evaluated and ready for BPA
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

PRIMARY PULMONARY 

ARTERY SARCOMA
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Bilateral PEA + pulmonary valve replacement 

(Carpentier Edwards 21)

PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

OTHER TYPE OF OBSTRUCTIONS: 

primary pulmonary artery sarcoma
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PULMONARY ENDARTERECTOMY: THE PAVIA EXPERIENCE 

CTEPH & PAS PATIENTS
780 & 28 → 808 PEAs


