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DIAGNOSIS
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DIAGNOSIS
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DIAGNOSIS
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4%
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DIAGNOSIS

Group 2 or 3
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GUIDELINES FOR CTEPH
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FROM  2009 TO 2013 ® 322 PEAs
PTS / 106 / Year POPULATION
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08-M
AR-1991

First HLTx for CTEPH

11-APR-1994

First PEA

28-JUL-2003

First PEA in patient 
listed for DLTx

25-DEC-1995

First DLTx for CTEPH

SURGICAL TREATMENT OF CTEPH
PAVIA EXPERIENCE

30-NOV-2009

First PEA in patient 
previously enrolled in 
RCT for inoperability
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SURGICAL TREATMENT OF CTEPH

J Heart Lung Transplant. 2016 Jun;35(6):827-31
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SURGICAL TREATMENT OF CTEPH
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Optimal candidate

• Age < 70 years
• NYHA II-III
• PVR < 800
• Proximal CTE lesions
• Plenty CTE occlusions
• Absence of 

comorbidities

CHARACTERISTICS

Poor candidate

• Age ≥ 70 years
• NYHA IV
• PVR > 1200
• Distal CTE lesions
• Scarce CTE occlusions
• Presence of 

comorbilities
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• Age
• NYHA functional class
• PVR
• Distribution of CTE lesions
• Amount of CTE occlusions
• Comorbidities

CHARACTERISTICS
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AGE
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AGE

Eur J Cardiothorac Surg. 2012 Jun;41(6):e154-60
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AGE

Eur J Cardiothorac Surg. 2012 Jun;41(6):e154-60
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AGE
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AGE
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AGE
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AGE
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AGE
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• National referral program  

• Begin: April 1994

• September 2018: 897 PEAs performed

25 YEARS OF OUR PROGRAM
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NUMBER OF PEAs BY THREE YEARS

@3 PEAs/yr

@ 10 PEAs/yr @ 15 PEAs/yr

@20 PEAs/yr
@25 PEAs/yr

@60 PEAs/yr

@70 PEAs/yr

@80 PEAs/yr
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AGE DISTRIBUTION BY FIVE YEARS
OF 897 PEAs
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PAVIA CTEPH PROGRAM
January, 1st – December, 31st 2017 ® 516

NewEvaluations (232 pts) CTEPH-PEA FUP (279 pts) PAS-PEA FUP (5 pts)

CONFIRMED (125 pts - 54%) OTHER DIAGNOSIS (107 pts - 46%)
• PROXIMAL LESIONS (110 pts)

- 81 PEAs (3 pts evaluated in 2016)

- 4 waiting for PEA
- 15 refused evaluation for PEA
- 3 refused PEA
- 8 with severe co-morbidities
- 2 died before evaluation or before PEA

• DISTAL LESIONS (3 pts)
- 2 controindication for DLTx
- 1 too early for DLTx

• RECENT APE (22 pts)
- 22 medical therapy

• MISCELLANEOUS (37 pts)
- 7 Eisenmenger - 2 PH in Sclerodermia
- 1 PH by hydatid cystic - 12 PAH
- 1 Mediastinal fibrosis - 7 Group 5 PH
- 1 PH by RA mixoma - 6 Other

• PULMONARY ARTERY SARCOMA (10 pts)
- 5 PEAs - 5 inoperable

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

• APE OVER CTE LESIONS (9 pts)
- 9 3-month medical teraphy→new evaluation

• PREVIOUS APE WITHOUT SIGNS (14 pts)
- 14 medical therapy

• PULMONARY ARTERY ANEURYSM (3 pts)
- 2 pulmonary artery resection
- 1 interventional therapy• BPA program (12 pts)

- 3 BPAs (7 pts evaluated in 2016) 

- 11 waiting for BPA
- 1 too early for BPA

OPERABILITY RATE thecnically 88%
+ comorbidity 82%
+ refused 67%
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• Age
• NYHA functional class
• PVR
• Distribution of CTE lesions
• Amount of CTE occlusions
• Comorbidities

CHARACTERISTICS
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NYHA FUNCTIONAL CLASS

Usually patients referred for PEA are in NYHA functional class II, III 
or IV

The NYHA functional class distribution of PEA referred patients is 
however very different from center to center

Also some countries do not even have a CTEPH-PEA center → the 
diagnosis can therefore be very delayed and sending a patient to a 
PEA center could be very difficult 

Consequently late referral is still a big issue in these patients
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• CTEPH patients must be in NYHA functional class III or 
IV before being evaluated for PEA!

• Only in 2003 we have performed our first PEA in NYHA 
functional class II patient…with a program that was 
active since 1994!

NYHA FUNCTIONAL CLASS
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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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INTERNATIONAL REGISTRY
2007-2008

PAVIA
2007-2008

PAVIA
2017-2018

II 25% 5% 20%

III 65% 50% 55%

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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CUMULATIVE PROPORTION SURVIVING
OF 897 PEAs

Cumulative Proportion surviving – updated 31-12-2016

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

76,6%
71,3% Dsd

Hospital mortality – updated 25-10-2018

Overall 69/897 (7.7%)
WHO II 1/143 (0.7%)
WHO III 24/430 (5.6%)
WHO IV 44/324 (13.6%)

Apr 94 – Dec 08 15 yrs 22/209 (10.5%)
Jan 09 – Dec 13 5 yrs 24/322 (7.5%)
Jan 14 – Sep 18 5 yrs 23/366 (6.3%)
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• Age
• NYHA functional class
• PVR
• Distribution of CTE lesions
• Amount of CTE occlusions
• Comorbidities

CHARACTERISTICS
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PVR

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



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

PVR

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

Pulmonary endarterectomy in the
management of chronic thromboembolic
pulmonary hypertension
David Jenkins1, Michael Madani2, Elie Fadel3, Andrea Maria D’Armini4 and Eckhard Mayer5

Eur Respir Rev 2017 Mar 15;26(143)
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PVR

Eur Respir Rev 2017 Mar 15;26(143)
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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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• Age
• NYHA functional class
• PVR
• Distribution of CTE lesions
• Amount of CTE occlusions
• Comorbidities

CHARACTERISTICS
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PROXIMAL LESIONS
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SURGICAL TECHNIQUE



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

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 650 PEAs with this technique
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CEREBRAL PROTECTION
NIRS MONITORING

Near-InfraRed Spectroscopy
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NIRS MONITORING
Near-InfraRed Spectroscopy
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Derived from minimally-invasive cardiac surgery

SURGICAL INSTRUMENTS
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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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CORRECT ARTERIAL DISSECTION PLANE
Yellow-fibro-lipid plaques included into the removed cast
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Reverse Ariadne’s thread

CORRECT ARTERIAL DISSECTION PLANE
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Proximal dissection for the clearance of distal obstructions

CORRECT ARTERIAL DISSECTION PLANE
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Proximal dissection for the clearance of distal obstructions

900 µm

350 µm

Yellow fiber-lipid plaque

12 µm

CORRECT ARTERIAL DISSECTION PLANE
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Proximal dissection for the clearance of distal obstructions

Sample

CORRECT ARTERIAL DISSECTION PLANE
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DISTAL LESIONS

CURRENTLY   OPERABLE
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EVOLVING SURGICAL TECHNIQUE
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JAMIESON TYPE3
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DISTAL LESIONS
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DISTAL LESIONS



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

DISTAL LESIONS
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DISTAL LESIONS
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J Heart Lung Transplant. 2018 Feb in press

NEUROPSYCHOLOGICAL OUTCOMES
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J Heart Lung Transplant. 2018 Feb in press

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

Although learning ability and delayed memory showed a slight deterioration among study 
patients at 3 months after PEA, they continued to remain well and in the normal range for 
both age and years of study

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
• NYHA functional class
• PVR
• Distribution of CTE lesions
• Amount of CTE occlusions
• Comorbidities

CHARACTERISTICS
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PLANTY vs. SCARSE CTE OCCLUSIONS
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PULMONARY ENDARTERECTOMY:
RELATIONSHIP BETWEEN TOTAL REOPENED BRANCHES 

AND OUTCOMES
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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
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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
• NYHA functional class
• PVR
• Distribution of CTE lesions
• Amount of CTE occlusions
• Comorbidities

CHARACTERISTICS
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COMORBIDITIES

- There are few studies that consider the comorbidities as a risk factor
for the PEA 

- The absolute contraindication is an important parenchymal lung
disease

- PEA score could be usefull
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COMORBIDITIES
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COMORBIDITIES
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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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Plenty vs. Scarce
CTE occlusions

Courtesy of Nick Kim
Reproduced and modified

CONCLUSION
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CHEST STUDY
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CHEST STUDY
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BENEFiT STUDY


