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Pulmonary veno-occlusive disease
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Pathologic assesment

Occlusive intimal fibrosis of septal veins and small veins

Montani D et al. Eur Respir J 2016



Pathologic assesment

Patchy capillary proliferation

Montani D et al. Eur Respir J 2016



Pathologic assesment

Arterial remodeling without any plexiform lesions

Montani D et al. Eur Respir J 2016



Pathologic assesment
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PATHOLOGICAL ASSESMENT

Electron Microscopy



Lesions of PCH 
in 75% of PVOD

Lesions of PVOD 
in 80% of PCH

PVOD and PCH: distinct entities ?

Lantuejoul, Am J Surg Pathol 2006



Epidemiology



§ Rare disease :
§ 5 to 10% of cases initially diagnosed as idiopathic PAH
§ Estimated incidence = 0.1 to 0.2 /million

§ Underestimated incidence:
§ Histological proof rarely available
§ Difficult-to-diagnose subgoup of PAH
§ Venous involvement in PAH with associated conditions 

§ No female predominance : sex ratio 1/1 (≠ iPAH)

§ Very wide range for age at diagnosis
§ From the first weeks of life to the 7th decade

EPIDEMIOLOGY

Mandel J et al. Am J Respir Crit Care Med 2000                     
Montani D et al. Eur Respir J 2009



CLASSIFICATION OF PH

2015

4

Eur Heart J 2015, Eur Respir J, 2015



GENETIC IN PVOD

Eyries et al, Nature Genetics 2014

All heritable PVOD patients and 10-15% of sporadic form of PVOD had
biallelic mutations in EIF2AK4 gene (chr 15)

Autosomal recessive transmission

PVOD or PCH family



Ø EIF2AK4 gene codes for GCN2
(general control nonderepressible 2)

Ø GCN2 is a serine-threonine kinase 
that can induce changes in gene 
expression in response to aminoacid
deprivation

Ø GCN2 belongs to a family of 4 kinases 
which phosphorylate eIF2a

Montani, Eur Respir J 2016

Role of GCN2



Role of GCN2

Ø EIF2AK4 gene codes for GCN2
(general control nonderepressible 2)

Ø GCN2 is a serine-threonine kinase 
that can induce changes in gene 
expression in response to aminoacid
deprivation

Ø GCN2 belongs to a family of 4 kinases 
which phosphorylate eIF2a

Ø eIF2a induce or inhibit the transcription 
of several target genes mediating
Integrated Stress Response (ISR)

Montani, Eur Respir J 2016



Ø One family was diagnosed as having pulmonary capillary hemangiomatosis

§ Biallelic EIF2AK4 mutations was found.

Ø Presence EIF2AK4 mutations was confirmed in another series of PCH :

§ 1 PCH family
§ 2/10 sporadic PCH

PVOD and PCH

Eyries et al, Nature Genetics 2014; Best et al, Chest 2014



Arterial Capillary Venular

3 vascular compartments 

PROLIFERATION, REMODELLING 

PAH PCH PVODPVOD/PCH

PVOD and PCH

PVOD and PCH: 
2 presentations of the same disease 

BMPR2
ACVRL1, KCNK3,…..

Diseases

Genetic 
background

EIF2AK4
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• Venous and capillary involvement are frequent in PAH 
associated with CTD: 
– Systemic sclerosis ++
– Lupus
– Mixed connective tissue disease

Venous involvement: 75%

Dorfmüller et al. Hum Pathol. 2007.

« PVOD » with ASSOCIATED CONDITIONS

Capillary proliferation: 63%



PVOD in SCLERODERMA

Gunther et al, Arthr & Rheum 2012



PVOD in SCLERODERMA

Gunther et al, Arthr & Rheum 2012
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Risk factors for PVOD

Montani et al, Eur Respir J 2015

100 PH patients :

- iPAH : n=65

- PVOD :  n=35
(highly probable or confirmed)

Travail réalisé en collaboration avec l’équipe 
de Pathologies Professionnelles de Garches



Montani et al, Eur Respir J 2015

RISK FACTORS FOR PVOD

PAH
n = 65

PVOD
n = 35 Odd Ratio p value

Tobacco exposure
Former or active smocking (> 5 p.y) 22 (33.8 %) 27 (77.1 %) 6.6 [2.57 – 16.92] < 0.001

Length of exposure, yrs 9.6 ± 14.2 26.6 ± 16.7 < 0.0001

Pack / year (mean +/- STD) 8.2 ± 14.4 32.5 ± 25.6 < 0.0001

Tobacco exposure:



Montani et al, Eur Respir J 2015
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PVOD (n=35)

90,8%

9,2%

45,7%

54,3%

0%

20%

40%

60%

80%

100%

No exposure Exposure

*

RISK FACTORS FOR PVOD



RISK FACTORS FOR PVOD

Trichloroethylene exposure:    Max between 1940-1970 (USA – Europe)



RISK FACTORS FOR PVOD

Trichloroethylene exposure:    Max between 1940-1970 (USA – Europe)
Increase in ASIA +++
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Sex ratio : 1
EIF2AK4 mutations >30%
Solvent exposure <10%

Sex ratio M/F: 3
EIF2AK4 mutations 0%
Solvent exposure >70%

Montani et al, Eur Respir J 2015

RISK FACTORS FOR PVOD



Risk factors for PVOD

Literature analysis (1960-2014) + experience of the French PH network

Ranchoux, Am J Pathol 2015



Risk factors for PVOD

Literature analysis (1960-2014) + experience of the French PH network

Ranchoux, Am J Pathol 2015

regimen associating
several chemotherapy

drugs



Risk factors for PVOD

Ranchoux, Am J Pathol 2015

Literature analysis (1960-2014) + experience of the French PH network

Alkylating
or alkylating-like agents

>80%

Þ Cyclophosphamide and Mitomycin : 2 animal models of PVOD



Mitomycin associated PVOD

Perros, Circulation 2015

MMC-rats
venular

remodeling

inflammation

MMC-rats
capillary 

proliferation
pulmonary 

edeam



C W1 W2 W3 W4 W5

% of remodeled microvessels

C W1 W2 W3 W4 W5

Mitomycin induced PVOD

GCN2



EIF2AK4
mutations

Chemotherapy
Alkylating agents

Solvent
exposure

Connective tissue 
diseases

Risk factors for PVOD

Oxydative 
stress 

Veinular 
remodelling

Capillary 
proliferation

PVOD/PCH



Relation Genotype - Phenotype

Heritable PVOD	
(n=27)

Sporadic PVOD
(n=67) P-Value

Age	at	diagnosis,	years	(median;	min-max) 26	(0-50·3) 60	(6·7-81·4) <0·0001

Gender,	female/male	(ratio) 14/13	(1·1) 19/48	(0·4) 0·031

NYHA	functional	class, II
III
IV

4	(15·4)
17	(65·4)
5	(19·2)

3	(4·5)
50	(74·6)
14	(20·9)

0·20

Six-minute	walk	distance,	%	pred 49·3	(22·6) 44·1	(27·5) 0·42

mPAP,	mmHg 49	(14) 46	(11) 0·29

CO,	L/min 4·37	(1·47) 4·51	(1·50) 0·69

PVR,	WU 11·4	(6·7) 9·4	(4·4) 0·10

DLCO,	%	pred 30	(7) 31	(10) 0·65

Exposure	to	organic	solvents,	n	(%) 0 28	(42) <0·0001

Previous	Chemotherapy,	n	(%) 0 7	(10) 0·081

Montani D et al. Lancet Respir Med (Epub)



DIAGNOSIS
Non-invasive approach



Pathologic assesment

Confirmation of diagnosis requires pathologic assesment

But it could be only post-mortem or post-transplantation

Because lung biopsy is a high risk procedure
and is contraindicated in these frail patients



Montani D, et al. Medicine 2008.

CLINICAL FEATURES

24 PVOD vs 24 iPAH with histological confirmation



No difference between PVOD and iPAH

HAEMODYNAMIC CHARACTERISTICS

Montani D. Medicine 2008.



True capillary pressure is increased but PCWP is normal 
because it is a reflection of the pressure in the large veins that 

are not affected by obstruction

True capillary 
pressure

Why PCWP is normal in PVOD?

HAEMODYNAMIC CHARACTERISTICS

Montani D et al. Eur Respir J 2009



Histologically 
confirmed 

PVOD & PAH

Montani D et al. Medicine (Baltimore) 2008

PFTs and DLCO

FEV1, forced expiratory volume in 1 second; PFT, pulmonary function test; 
VA, alveolar volume; VC, vital capacity; TLC, total lung capacity.



American Journal of Roentgenology 2004

HIGH-RESOLUTION CT OF THE CHEST

§ 15 PVOD patients vs 15 iPAH patients

§ 3 radiologic abnormalities associated with PVOD:
§ Lymph node enlargement
§ Septal lines
§ Centrilobular ground-glass opacities



HRCT of the CHEST



HRCT of the CHEST



HRCT of the CHEST in SCLERODERMA

Gunther et al, Arthr & Rheum 2012



Rabiller, Eur Respir J 2006

Haemosiderin-laden macrophages Golde score

Possible occult alveolar haemorrhage

BRONCHOALVEOLAR LAVAGE

<50% of PVOD patients but uncommon in iPAH

Difficult to perform because of severe hypoxemia



Management of PVOD



MANAGEMENT OF PVOD

§ Risk of pulmonary edema with all PAH therapies
§ Risk with all specific PAH therapies ≠ class effect
§ Mechanism : Increase of blood flow with no modification 

of post-capillary resistance
§ Pulmonary edema confirms the diagnosis of PVOD

Epoprostenol

Humbert, AJRCCM 1998



MANAGEMENT OF PVOD

§ Risk of pulmonary edema with all PAH therapies
§ Risk with all specific PAH therapies ≠ class effect
§ Mechanism : Increase of blood flow with no modification 

of post-capillary resistance
§ Pulmonary edema confirms the diagnosis of PVOD

§ Poor response to specific PAH therapies:
§ As observed in PAH associated to CTD : poor response 

associated to venous involvement ?

§ Lung transplantation remains the treatment of choice.



MANAGEMENT OF PVOD

§ High-dose diuretics

§ Anticoagulation : warfarin ?
§ No data confirming interest in this subgroup of PAH
§ No recommendation
§ No specific complications described even in the presence of 

occult alveolar hemorrage.

§ Oxygen supplementation: 
§ patients frequently hypoxemic

§ Cautious use of specific PAH therapies:
§ Risk of pulmonary edema
§ Possible haemodynamic improvement with epoprostenol (1)

§ Oral therapy ? Stabilization with sildenafil (2)

(1) Okumura H et al. Chest. 2002;122:1096-8.
(2) Barreto AC et al. Braz J Med Biol Res 2005;38:185-95.



ACUTE VASODILATOR TESTING

Montani D, Eur Heart J 2010.

Experience of the 
French Referral centre 

>1000 patients with 
acute testing



CCBs are contraindicated 
even in the presence of acute 

vasodilator response

ACUTE NO TESTING AND CCBs



Montani D, Eur Respir J, 2009.

Is there any place for specific PAH therapy?
Epoprostenol may be a bridge-therapy to LTx

Cautious use (low dose, slow increase, high-dose diuretics)

EPOPROSTENOL AND PVOD

IV

IV

III

III

Pulmonary vascular resistanceNYHA functional class



Experience of the French 
Referral Centre (n=64)

12 (20%) experienced
pulmonary edema

2 were listed for urgent LTx

Montani D et al. Lancet Respir Med (Epub)

Management of PVOD
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CONCLUSION

?



CONCLUSION

?

Better understanding of the role of EIF2AK4/GCN2 may be helpful
to find innovative therapeutic targets in this devasting condition.



Back-up Slides



PERFUSION / VENTILATION LUNG SCAN

ERS/ESC 
Guidelines



PERFUSION / VENTILATION LUNG SCAN

§ Experience in the French Referral Centre: 
Þ 70 iPAH and 57 PVOD (30 confirmed).

VENTILATION PERFUSION

86%

12.3%

84.3%

14.3%

1.4%

iPAH
n=70

PVOD
n=57

72.9%

20%

7.1%

80.7%

10.5%
8.8%

iPAH
n=70

PVOD
n=57

1.8% Segmental defects
Non-systematized defects
Normal

V/Q lung scan may be 
not useful to 

discriminate PVOD

NS NS



Gcn2-/- mice 

C57BL/6J

Asparaginase

GCN2 and liver disease



GCN2 and liver disease



BASIC RESEARCH



Ø EIF2AK4 gene codes for GCN2 (general control nonderepressible 2)

Ø GCN2 is a serine-threonine kinase present in all eukaryotes that can 
induce changes in gene expression in response to aminoacid deprivation

Ø Role and expression of GCN2 in pulmonary vasculature is unknown 

Immunohistochemical staining for GCN2

Control EIF2AK4 mutated PVOD

Staining of smooth muscle 
cells and macrophages 

No staining

Eyries et al, Nature Genetics 2014

Role of GCN2



Role of GCN2

Ø GCN2 belongs to a family of 4 kinases which phosphorylate eIF2a

Ø eIF2a induce or inhibit the transcription of several target genes mediating 
Integrated Stress Response (ISR)

Resistance to oxydative stress
Decrease of inflammation

Cell survival
Angiogenesis (VEGF)

Phosphorylation of 
eIF2a protects cells



Ø At present, eIF2a is the only charcaterized substrate of GCN2

Ø Link between biallelic EIF2AK4 loss-of function mutations and remodeling 
of lung vessels remains elusive.

↑ Protein synthesis
↓Resistance to oxydative stress

↑ Inflammation
↓ Cell survival
↓ Angiogenesis

biallelic EIF2AK4
loss-of function mutations

Role of GCN2



Animal models

Cyclophosphamide associated PH

Ranchoux B, Am J Pathol 2014 Epub

Venous remodeling + inflammation

Control Cyclophosphamide



Mitomycin associated PVOD

Perros, Circulation 2015

MMC-rats
venular
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