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

PULMONARY ENDARTERECTOMY (PEA)

AND BALLOON PULMONARY ANGIOPLASTY (BPA):

THE PRESENT AND THE FUTURE?

University of Pavia - School of Medicine

Foundation I.R.C.C.S. Policlinico “San Matteo”

Cardiac Surgery - Intrathoracic Transplantation - Pulmonary Hypertension

Pavia, Italy

Prof. Andrea M. D’Armini, M.D.



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

FINANCIAL DISCLOSURE

Last three years

Actelion Pharmaceuticals Ltd
Bayer HealthCare

Merk Sharp Dohme



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

GUIDELINES FOR CTEPH
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First HLTx for CTEPH

First PEA

First PEA in patient 

listed for DLTx

First DLTx for CTEPH

SURGICAL TREATMENT OF CTEPH

PAVIA EXPERIENCE

First PEA in patient 

previously enrolled in 

RCT for inoperability
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SURGICAL TREATMENT OF CTEPH
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J Heart Lung Transplant. 2016 Jan 6. pii: S1053-
2498(16)00024-3

SURGICAL TREATMENT OF CTEPH
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SURGICAL TREATMENT OF CTEPH
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Risk factors for early death in patients

awaiting heart-lung or lung transplantation:

experience at a single european center

D’Armini AM, Callegari G, Vitulo P, Klersy C, Rinaldi M, Pederzolli C, Grande A, 

Fracchia C, Viganò M
Transplantation 1998; 66(1):123-7

p < 0.03

LTx WAITING LIST SURVIVAL
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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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• National referral program  

• Begin: April 1994

• October 2019: 975 PEAs performed

OUR PROGRAM
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NUMBER OF PEAs IN 5-YEAR GROUPS
906 PEAs
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MAIN WORLD PEA CENTERS

Paris, France

≈110 PEAs / year
NATIONAL REFERRAL PROGRAM 

FOR EXCELLENCE

Cambridge, UK

≈210 PEAs / year
NATIONAL REFERRAL PROGRAM BY LAW

Pavia, Italy

≈80 PEAs / year
MORE THAN ONE PROGRAM

Bad Nauheim, Germany

≈130 PEAs / year
MORE THAN ONE PROGRAM

San Diego, California, USA

≈230 PEAs / year
NATIONAL REFERRAL PROGRAM 

FOR EXCELLENCE
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PATIENTS’ REFERRAL FROM LOMBARDIA
FROM 4/1994 TO 10/2019  - 267 PEAs
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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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INDICATIONS FOR SURGERY 
NYHA FUNCTIONAL CLASS
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INTERNATIONAL REGISTRY

2007-2008

PAVIA

2007-2008

II 25% 5%

III 65% 50%

IV 10% 45%

NYHA FUNCTIONAL CLASS
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NYHA CLASS DISTRIBUTION 2003-2018
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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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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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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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PATHOPHYSIOLOGY

3. Plexiform lesions stemming from the capillary bed

ACCORDING TO THE LENGTH OF THE DISEASE
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CUMULATIVE PROPORTION SURVIVING
OF 975 PEAs

Cumulative Proportion surviving

Hospital mortality – updated 20-10-2019

WHO II 1/153 (0.7%)

WHO III 24/469 (5.1%)

WHO IV 47/353 (13.3%)

Apr 94 – Dec 08 15 yrs 22/209 (10.5%)

Jan 09 – Dec 17 9 yrs 45/631 (7.1%)

Jan 18 – Oct 19 2 yrs 5/135 (3.7%)
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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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PVR

J Thorac Cardiovasc Surg. 2011 Mar;141(3):702-10
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PVR

J Thorac Cardiovasc Surg. 2011 Mar;141(3):702-10
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PVR

The changing landscape of chronic
thromboembolic pulmonary hypertension
management
Michael Madani1, Takeshi Ogo2 and Gérald Simonneau3,4,5

Eur Respir Rev. 2017 Dec 20;26(146)
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PVR

Eur Respir Rev. 2017 Dec 20;26(146)
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PROXIMAL LESIONS
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SURGICAL TECHNIQUE – J1
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E.L. – 38 yrs M – Dec 1999 – PEA #42

mPAP 43    → 20    (-53%)

CO 3.3   → 6.9   (+109%)

PVR 994  → 220  (-78%)

TYPICAL “OLD” SURGICAL 

SPECIMENS (JAMIESON 1)

P.A. – 66 yrs M – Jun 2001 – PEA #60

mPAP 50      → 25    (-50%)

CO 2.6     → 4.4   (+69%)

PVR 1385  → 364  (-74%)
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DISTAL LESIONS
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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

More than 730 PEAs with this technique
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JAMIESON TYPE1 vs. TYPE2 vs. TYPE3

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
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REVERSE ARIADNE’S THREAD
The correct arterial dissection plane

Yellow-fibro-lipid plaques included into the removed cast
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TRICKS AND TIPS

Proximal dissection for the clearance of distal obstructions
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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

CURRENTLY   OPERABLE



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

EVOLVING SURGICAL TECHNIQUE – J3
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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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DISTAL LESIONS
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DISTAL LESIONS
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DISTAL LESIONS
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PLANTY vs. SCARSE CTE OCCLUSIONS
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GROUPED BY REOPENED BRANCHES
344 PEA
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REOPENED BRANCHES AND TCA

N° Mean SD Min P25 P50 P75 Max

Reopened

Branches

344 38.7 ± 15.7 7 28 37 48 100

TCA 

(min)

344 93.5 ± 26.9 0 77 93 113 162
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ASSOCIATION OF HEMODYNAMIC AND PAO2 DATA

AT 3 MONTHS AND THE NUMBER OF REOPENED BRANCHES

Number of Reopened branches subgroups (tertiles) Number of Reopened branches (continuous)

Outcome 

measure at 3 

months

(a)

Branches 

reopened 7-26

(b)

Branches 

reopened 27-41

(c)

Branches reopened 

42-100

Univariable 

Model

P value*

Multivariable 

Model

P value**

Sperman’s rho Univariable 

Model

P value

Multivariable 

Model

P value**

PVR 

(dyne/sec/cm-5)

315 ± 163 277 ± 148 232 ± 105 < 0.001

a vs b 0.35

a vs c 0.001

b vs c 0.06

0.045

a vs b 0.41

a vs c 0.040

b vs c 0.64

- 0.25 < 0.001 < 0.001

CO (l/min) 5.1 ± 1.1 5.0 ± 1.2 5.2 ± 1.1 0.31 0.33 0.07 0.37 0.83

CI (l/min/m2) 2.8 ± 0.5 2.7 ± 0.5 2.8 ± 0.5 0.34 0.29 0.05 0.43 0.92

mPAP (mmHg) 26 ± 9 24 ± 8 22 ± 6 0.009

a vs b 0.25

a vs c 0.007

b vs c 0.46

0.027

a vs b 0.15

a vs c 0.022

b vs c 1.00

- 0.18 <0.001 <0.001

PAO2 (mmHg) 77.4 ± 13.1 79.7± 12.3 82.2 ± 11.3 0.06 0.35 0.17 0.003 0.05



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

ASSOCIATION OF FUNCTIONAL DATA

AT 3 MONTHS AND THE NUMBER OF REOPENED BRANCHES

Number of Reopened branches subgroups (tertiles) Number of Reopened branches (continuous

(a)

Branches 

reopened 7-26

(b)

Branches 

reopened 27-41

(c)

Branches 

reopened 42-100

Univariable 

Model

P value*

Multivariable 

Model

P value**

Mean ± SD Univariable

Model 

P value*

Multivariable 

Model

P value**

WHO class

I/II

III/IV

5 (9%) 4 (4%) 0 (0%) 0.000 0.17 24 ± 7

6 mWD (m)

≥400

<400 

19 (38%) 42 (45%) 71 (64%)

0.003

a vs b 1.00

a vs c 0.009

b vs c 0.023

0.036

a vs b 1.00

a vs c 0.06

b vs c 0.20

43 ± 16

37 ± 15

0.004 0.013

Bruce (m)

≥400 

<400 

18 (43%) 39 (48%) 76 (72%)

<0.000

a vs b 1.00

a vs c 0.003

b vs c 0.003

0.021

a vs b 1.00

a vs c 0.047

b vs c 0.083

44 ± 16

36 ± 15

<0.001 0.003
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SURGICAL SPECIMENTS – J1



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

SURGICAL SPECIMENTS – J2
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SURGICAL SPECIMENTS – J3
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RESULTS

Our study shows a clear correlation between the number of 

reopened pulmonary artery branches and hemodynamic values 

and functional data (pO2, NYHA functional class, 6mwt and 

modified Bruce test) already at 3 months
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CONCLUSIONS

In our hands a longer TCA time allows the surgeon to explore all

the pulmonary vascular bed, find unexpected chronic

thromboembolic material and clean more branches even in more 

complex clinical conditions as well as in distal vassels
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AGE
OF 975 PEAs
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PAVIA CTEPH PROGRAM
January, 1st – December, 31st 2018 → 462

NewEvaluations (215 pts) CTEPH-PEA FUP (245 pts) PAS-PEA FUP (2 pts)

CONFIRMED (121 pts - 56%) OTHER DIAGNOSIS (94 pts - 44%)

• PROXIMAL LESIONS (115 pts)

- 66 PEAs (3 pts evaluated in 2017)

- 13 waiting for PEA

- 10 refused evaluation for PEA

- 3 refused PEA

- 19 with severe co-morbidities (1 pt evaluated in 2017)

- 3 died before evaluation or before PEA

- 1 complete occlusion with vessel retraction

- 2 asyntomatic CTED

- 2 bridge to candidacy

• RECENT APE (23 pts)

- 22 medical therapy - 1 embolectomy

• PULMONARY ARTERY SARCOMA (5 pts)

- 4 inoperable - 1 refused evaluation or PEA

• MINIMAL CTE LESIONS WITHOUT/LOW PH (16 pts)

- 16 medical therapy

• APE OVER CTE LESIONS (3 pts)

- 3 3-month m.t.→new evaluation

• PREVIOUS APE WITHOUT SIGNS (7 pts)

- 7 medical therapy

• PULMONARY ARTERY ANEURYSM (3 pts)

- 2 medical therapy - 1 interventional therapy

• BPA program (6 pts)

- 1 waiting for BPA

- 5 too early for BPA → Riociguat

• MISCELLANEOUS (37 pts)

OPERABILITY RATE thecnically 95%

+ comorbidity 79%

+ refused 69%
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ELDERLY PATIENTS
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AGE
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AGE
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AGE



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

ELDERLY PATIENTS
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TARGETED MEDICAL THERAPY

IN THE GUIDELINES FOR CTEPH
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BENEFiT STUDY

J Am Coll Cardiol 2008 Dec16;52(25):2127-34
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CHEST STUDY

N Engl J Med 2013 Jul25;369(4):319-29
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CHEST STUDY

Eur Respir J 2015 May;45(5):1293-302



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

Lancet Respir Med 2017 Oct;5(10):785–94

MERIT-1 STUDY
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BPA IN THE GUIDELINES FOR CTEPH
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BPA FOR CTEPH
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BPA FOR CTEPH
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BPA FOR CTEPH
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BPA FOR CTEPH
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BPA IN THE GUIDELINES FOR PH
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CONCLUSION

- A single characteristic usually is not enough to identify a poor or a 

good candidate for PEA

- Multidisciplinary CTEPH team (at least one experienced surgeos) is

the basis for the correct selection of the patients

- For “less experienced centers” or in general for all centers a second 

opinion, in absence of PEA score, could be the optimal solution for 

complex patients
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Medical Therapy: When ?

CONCLUSION

Age <70 vs. ≥80 yrs

NYHA II vs. IV
PVR <800 vs. >1200

Plenty vs. scarce CTE occlusions

Comorbidities

Main Lobar Segmental Subsegmental and more

PEA Bridging Study Race Study


