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Classmcatmﬁ des hypertensions pulmonaires

1. Hypertension artérielle pulmonail tg.q
1.1 Idicpathigue &
1.2 Héritable o

1.2 1 Mutaticns EIMF'F'E' o

1.2.2 Autres mutations
1. 3IndU|tEpE{dE5mEdlE£'EnE destoxigues
1.4 Assooiee a SE'

1.4.1 Connectivie

1.4.2 Infectigei/1H
1.4.3 Hyp nsicn portale
1.4.4 Caidiopathie congénitale

1.4. lharzicse
&%ﬁ
1. F.‘]al,a\gﬁueinu-ncclusi'.re pulmonaire
il hemangiomatose capillaire pulmonaire
21" 1 Idiopathique

1'.2 Heritable
hf'- 1'.2 4 Mutations EIF2ARS
’E} 1'.2.2 Autres mutations
1'.3 Induite par des médicaments, des toxigues, ocu lesradiations
1'.4 Associes 8

1'.4.1 Connedivite
1'.4.2 Infection VIH

1", Hypertension pulmonaire persistante du nouveau-ne

2. Hypertension pulmonaire due a des maladies
du cceur gauche
2.1 Dysfonction ventriculsire gauchesystolique
2.2 Dysfonction ventriculaire gauchediastoliqgue
2.3V alvulopathies
2 4 Obstacle gauche congenital ou acquis et cardiomyopathies
2.5 S5ténoses veineuses pulmaonaires congenitales cu acquises

3. Hypertension pulmonaire due a des maladies respiratoires
chroniques et/ou a une hypoxie
3.1 Bronchopneumopathie chronique obstructive
3.2 Fneumopathies interstitielles
3.3 Autres maladies respiratoires restrictives
et'ou obstructives
3.4 Syndrome d'apnée dusocmmeil
3.5 Syndromes d hypoventilstion alveclsire
3.6 S&jour prolongeen altitude

W@
3.7 Anomalies du développement ‘-b

o

4. Hypertension pulmonaire thrumbnemtﬁﬁme chronigue

et autres obstructions artéerielles pydfionaires
4.1 Hypertension pulmenaire thro mboligue chronigue
4.2 Autres obstructions ﬂrtériellﬂga:- Imonaires
4.2.1 Angiosarcome 6@
4,22 Autres tumeurs uﬁavasculalr&s
4.2.3 Arterite ,31'
4.2.4 Stéenozes agsfieles pulmonaires congenitales
4.2.56 Parasites Mydatidoze)

f. Hypertension puﬂﬁcﬁﬁawe de mecanisme peu clair

ou multiracm '
5.1 Malzdige hematologiouss | anémies hémolyvtiques chronigues,
syndro o m*_.réh::-pq'l::-l'rfémt'rff- splénectomie

52@ : L= sarcoidose, histicoytose langerhansienne
pU naire, Iy mmmglnlemrrr:.r{:-matzﬁe neurcfibromatose
éé : - : glycogenocse, maladie de Gaucher,
N ].I‘Eu‘th‘:.--l'{:-ldlE
hd Aubres mals = ; microangiopathie thrombotigue tumoerale

p-ulm:.'-n EI!’-E fll::-r-'.:E.E mediastinale, insuffisancerénale chronigue
{dialys&e ou non), hypertension pulmenaire segmentaire

DrapresGalieN etal, Eur Respir] 2015;46(4):903-75
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CTEPH anﬁ previous VTE: data from the
Insb“érnatlonal CTEPH Registry?

Operable | Nonoperable
patients patients
N=427

All patients
N=679

4
&Lonfirmed 3
[ty
S LT Ay 77.5% 70.0% q@ﬁ}aal
I;:}‘
& Recurrent PE 32.8% 35.0% 28.8% @06@ 0.214
Ry i 40.8% 47.1% 23;& 0.009
« massive » ,qjl'
Confirmed E":’
e 56.1% 60.4% ﬁ“’ 49.0% 0.029
Thombolyie 14.4% 13.5%&‘"‘@ 6.6% 0.0009
treatment &
=

A
! Pepke Zaba Circulation 2011;124:1973-81 .f:-"
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Clinical conﬁﬁ?tions predisposing for CTEPH

Retrospective stgﬁif comparing
433 patlentswh CTEPH vs 254 patients with other non thromboembolic PH

Z '.’::'-‘
Conditior: OR (95% Cl) “

& -
Ven;[gﬂtuln -atrial shunt or infected pace-maker 76.40 (7.67-10350.62 q‘b&é <0.001
)

@gglenectnmv 17.87 (1.56-243 0.017

@4 Thyroid hormone replacement 6.10 (2.73- ﬁﬂS] <0.001

APA / LAC 4.20 {1.5%-12.21} 0.004

Malignancy 3.?@«1{4?—1[}.43} 0.005

Previous VIE ﬁ}ﬁz (2.35-9.12) <0.001

Recurrent VTE t':-:‘?‘ + 14.49 (5.40-43.08) <0.001
Bonderman ERJ 2009;33:325-331 A
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Froﬁmﬁ;ﬁacute PE to CTEPH

&
= |n patients who swve a PE _ o _
i Residual thrombo-embolism in patients with PE
= RESDlutinwﬁ'f the clots (physiological fibrinolysis) == restoration of blood w ‘”‘L, o
= &
flow normal haemodynamic parameters in 10-21 days?® s &8
"'-*@ ; ; ; E b4 } @Eﬁh |
= 30 tcﬁ@% of patients have residual pulmonary vascular obstruction 3 {é& .
o £ &
Epﬁffﬂ scan 1 year aftera PE23 -% " 6@6@
@ %
@ﬁ@ 44% of patients have persistent right ventricular dysfunction 1 year # @ﬁ‘ﬁ , S—
o 2 4 & 8 W 12
after a PE® @@Q Months
Pl
= 56% of patients have persistent complaints of dyspnea after a PE 3 : Dalen et al N Engl ] Med 1969
*
— The majority of them developed new or worsened dyspnea aﬂﬁ_ﬁ'@?E ZNijkeuter et ol Chest 2006
. . : : o 3
= Patients with residual pulmonary vascular obstruction a&é“mﬂre SHNHEZ St ah 2010
] . L _c-;.{?' 4 Ribeiro et al Circulation 1999
dyspneic, have functional limitation {4' 6MWT) and, bigher sPAP 2
K *Klok et af Eur 1 Intern Med 2008

"'LE:'
- - v e sy v sy
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Incidence Df(:aﬁrn:}chhrumbﬂembﬂhc R LRI RS

Pulmonary I—L?pertEnmﬂn after Pulmonary
&  Embolism

&
@
Vittorio ['l'.":ﬂ&?%:'.ii Anthonie WA, Lensir g, MDD, Martin H. Prins, M. D
-.I."::d'l:‘|L
0.04~ &
&
@
£ [ 2years:3.8% [1.1-6.5] @
g oo f5 = Risk factors for£TEPH
5 L | 1year:3.1% [0.7 — 5.5] 2%
g Y &
£ 5 — Age $
£ &
5 = - Preg&%us VTE
*E}hﬂﬁ f o
v
| — @: Icimpathu:}} PE
6 months: 1.0% [0.0 —2.4] | .=,
0.00 T T 1 T 1 1 T T T 1 1 E\';'oa T PrD}(fmal PE
o 1 2 5 s B ¥ B 4 O 1 o
Years &-@
&
"«.
Figure 2. The Cumulative Incidence of CTPH after a First Episode of Pulmo-
nary Embolism without Prior Deep-Vein Thrombosis. Q-
.:@ N Engl | Med 2004;350:2257-64,

"I.E:'
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Incidence DfQﬁrﬂchhrumbnembghg =i unication tducation

Pulmonary I-Li?pertEnsmn after Pulmonary
&  Embolism

ed
¥
Vittorio ['l'r':'_-;:éﬁ' .. Anthonie WA, Lensir g MDD, Martin H. Prins, M. D
{:\.
On
5
& Time from Qualifying PE
3@ Age at Time to Symptoms Suggestive  Time from Symptoms
. 48 "y A, . 5 N
Patient No. | of Qualifying PE of CTPH to Diagnosis of CTPH Findings at Diagnosis of CTPH 5
L
¥ Mean Systolic Residual NY HA &
& PAP  PAP  Perfusion cl&d?'
éﬂp r o o mim Hg % @{ﬁ
pr PE as first episode rs?’q
& of VTE @ﬁj
.{k@ 1 68 0 (TR @a 54 [
P ] 65 2 “oo 48 I
] 37 ] 25 (355 0
4 52 J J‘f 60 43 I
; 7 2 F o w0 1’
e
i 53 R O T
7 0 2 ﬂﬁf’ 50 90 39 n
{:}1
@ &
“r»i'% N Engl ) Med 2004;350:2257-84.
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Incidence of Qﬁmmc Thromboembolic ;

Pulmonary I—Lﬁ*pertEnsmn after Pulmonary
&  Embolism

e
e
Vittorio F'l"r':t';:é:?%\ Anthonie WA, Lensir £ MDD, Martin H. Prins, M. D
{:\.
0
rd
S Time from Qualifying PE
£ Age at Time to Symptoms Suggestive  Time from Symptoms
Patient Mg, * of Qualifying PE of CTPH to Diagnosis of CTPH Findings at Diagnosis of CTPH @
& Mean Systolic Residual NYHA *5'“
= PAP  PAP  Perfusion (|
o H . @ﬁ“
) b y mo mo i Hg b
* as fst epl
& of VTE
rg}“ﬂ‘@ 1 68
60 e
: Absence of initial
3 L _
# 3 hemodynamic data
: 3 at thz time of acute
6 53 PE diagnosis
7 20 "

N Engl | Med 2004;350:2257-64,
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Prevalence of chronic thromboembolic pulmanaru hunartancion after
Thromb Haemost 2014; 112
acute pulmongfy embolism

Prevalence nl,;CﬁFH after pulmonary embolism

urent Gied rancis Coutwaud’, Florence Parent”. Macie-Pierre Revel® Florence Gillaireau®, Benjamin Manguetie’
D.'H'u | I.h.m- Gogan”, Gérald Simonnesw’, Guy Meyer ', Oliveer Sancher™

* Atthetime nfﬁtute PE diagnhosis
- Echacargﬁgraphy RV/LV, sPAP

ation Education

= BNI:é(,MT-pr-:-BNP ;‘@ﬁ
. Pi},*@”“ alive after an acute PE qﬁ
c?ﬁrnspectwe follow-up during a maximum of 2 year\@ &
rﬁﬁ — Assessment of persistent dyspnea (MRC scale) @@“’5‘
— Echocardiography: V., Vor RV/LV {pjﬂb
— Right heart catheterization in case of dyspngﬁkﬁl RC =z 2 AND abnormal
echocardiography Bq_{;f‘ﬂﬁ

— CTEPH: mPAP 2 25 PcwP < 15 + abngfmal V/Q scan
i"
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Prevalence of chronic th@mhuembuht pulmonary hypertension after
acute pulmonary Emh@sm

Thromb Haemost 2014; 112
Prevalence of CTEPH aﬁgﬂ%ulm onary embolism

Lausrent Gasbtin®; Francis tuulihud-' Aorene Parent’, Masie-Pierre Bevel'. Forence Gillsiresu®, Benjamin Planguette

[ | Pontal’ : Maie G | Gerakd Semonneag”, Gu'. Hr-," - Dlrber ‘,n.u'.H|'|-rJ'
&
& Complete
s
A’ MN=149 _
P $_¢
eae“” | &
£
...f:f*b v e
a&ﬂ MRC = 2 and abnormal echo: MNo susp@%n of CTEPH
C}:P‘} suspected CTEPH &3135 (91%)
& N=11 (7%) &
@ £
,@“ﬂ" ! &
]
RHC @E
|
+ L 4
Performed: N=8§ Not performed: N E}é
CREERE: =) Patients rEfUSEdG\H&E
Normal: N=1

7 cases of confirmed CTEPH: 4.7% (C195%, 2.3 —9.4)
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@

Individual characteristics of 7 CTEPH

dﬁﬁ&

Patient Initial PE @“@j‘ During follow-up
Age ~ |RVIIV MRC VIR sPAP  RV/V TimetoRHC RAP  mPAP " PVR
(yearsy| (mmHg) (m/s) (mmHg) (months) (mmHg) (mmHg) fl/min) (UI)
1 ?E‘ 45 09 2 38 73 1 11 54 ﬁ‘ﬁ 49 8.8
2 74 70 27T 3 54 132 13 72 10 eggﬁg& 32 16.1
3 &@G“ 81 81 13 5 47 100 14 74 7 & 2 3.1 116
ﬁf 77 84 402 35 58 NA 10 7 ﬁﬂ“ 30 6.2 2.9
€ 70 43 05 2 42 75 0.7 227 ﬁ* 36 5.7 4.6
f 75 62 05 = 12 28 56 0720 3 ;‘3}3 30 3.7 6.1
72 102 08N 2 4 81 1.1 66 Ef,af*b 4 53 45 10.7
Mean 75 75 0.97 13. &5“ 7 45 4.5 1.5
+SD 4 20 0.3 Jﬁ 3 12 12 35

m“ﬁ
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The Hemodynamic Response t@"ulmnnary Embolism in

Patients Without Prior Gardgagp‘hlmnnary Disease

Mclntyre et al. Am ) Caﬁ'ﬂ:l 1971; 28: 288-94

.tm@

n
20 patiﬁants

Nc:

rior cardiopulmonary disease

. I?f’angn:.-gr.amphn':al[yr proven

Pulmonary vascular obstruction
(Miller index): 13 — 68%

RHC

PULMOMARY WASCULAR OBSTRUCTION -
ANGIOGRAW (%]
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30

A
& '
g
10 (@3 30 a0

_ ﬁmnr ARTERIAL
AFMERN  PRESSURE (mmHq)

Figure 2. A highify significant relation existed between mean

pulmaonary a
graphic o

d,.l'

| pressure [abscissa) and estimated angio-
ction (ordinate),

o
Mean PAP never exceed 40 mmHg (sPAP = 60 mmHg) dé%mte massive obstruction in
some patients suggesting that this level apprcmmatg&‘the maximal pressure response

of a previously normal right ventricle.
= mPAP > 40 mmHg during acut@ec’qlsE should suggest either
prior CTEPH or non erﬁ“bnllc causes of PH
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CT Signs O}“"ETEPH at the time of acute PE

o
Among 1@@ patients who had spiralCT for diagnosis of acute PE

R
)

#ﬁ’ﬁ CTEPH + (n=7) CTEPH - (\@9}
Urganl%@’ﬂmural thrombi, yes / no, (%) 6 (86) / 1(14) 20 (20) {@e (80)
Artgﬁg)l webs or bands, yes / no, (%) 4(57)13 (43) 3 [3}@@5 (97)
BQ‘Iated bronchial arteries, yes / no, (%) 1(25) /3 (751 «E (13) /76 (87)

’E} Mosaic parenchymal perfusion pattern, yes / no, (%) 6(86) /1 (14) ﬁ 27 27) 170 (73)
Presence of at least two CT signs, yes. I no, {%} . Ee
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Differentiating agtite from chronic thromboemboli on CT

LA

Direct features Aﬁresewed calibre of the vessel Vessel narrowing

& Central or eccentric filling Calibre change |
@‘p&r defect Intimal irregularities @S‘E
e Laminated thrombus 2
‘?&& Webs / Bands 5‘9
I::}:P Complete am putatiga%fthe vessel
lngﬁac’[ features Right ventricularenlargement Increased cahbre,ﬁ‘f main pulmonary
rﬁl*hﬁ (if PE is severe) artery &
Right ve ntrgﬁilar enlargement and
hypertrg@hy
Prnmuﬂ’aence of bronchial arteries
Parenchymal Triangular subpleural ?alc perfusion
features consolidationor groud glass cﬁubp!eural scar [ cavitation

with fine reticular changes “u@& Focal pleural thickening

ks,
Ruggiero Clinical Radiol 7817
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&

Direct featu rewhj
Ca

o

0
&

Acute PE

4

Marked reduction in
calibre of PA

Chronic Iargelg{ﬁm:::naw embolus
e
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Indirect featu regﬁ'

CTEPH
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s Parenchymal features

Triangular " Residualfibrotic
subpleural band & pleura
consolidation thrickening
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Inudeﬁce of CTEPH after PE

systemaﬁc review and meta-analysis
&
A

=  To assessth& cumulative incidence
of CTEPI;J%@Fter PE

Studies Patients

(n=15) Hh=3963)

- %,?jre defined sub-categories - All comers 2 & 1186
e ! &
(o *  All comers 6@;—
& e &
@. " LUMFIvors o ’-T}
rﬁ}qﬁ =  Survivors without comorbidities SUFV[VD rs ﬁ'ﬁ} 4 999
— RHC vs Echo
Survivors wrth%;f
" To assessrisk factors of CTEPH | efe 9 1775 |
r:::m'u:\rbt-:htng~
|
@f"
{:}-.
= Ende-Verhaar¥M et al. Eur Respir 1 2017;49:1601792. C‘J{E-
A
s

,-IE.‘:I
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Incidence of CTEPH after PE
o

&

95%Cl, 1.5-4.1

o Survivors @
& without major &

comorbidities qﬁ‘”’

@ o

Odds ratio — F

1]
All comers OKEIM  Survivss of PE
with PE Recurrent &®

A
* Ende-VerhaarYM et al. Eur Respir 1 2017;49:1601 ?93-53"‘
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Risk faﬁgf%rs for CTEPH after PE

x.'fﬁ

| Risk factor Odds Ratio 95% CI &
& &
& Unprovoked PE 4.1 2.1-8.2 sﬂq@“’*
&Q‘D @Qo&
ap
' Recurrent VTE 3.2 1.7-5.9
: ‘,ﬁg’
&
: f::tgﬂa
&é‘
o
| ©"
* Ende-Verhaar¥YM et al. Eur Respir/ 2017;49:1601792. &
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Inmdgﬁce of CTEPH after PE
@écho vs RHC studies

! Diagnosis of CTEPH Incidence 95% Ci
@4@ Echo only (6 studies) 9.1% ge"f-lﬁt.ﬂ |
&
:qjsg-
RHC (9 studies) 2.8% & 15-4.1
o
&

» Ende-Verhaar¥YM et al Eur Respir J 2017;49:1601 ?9%5"
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ﬁE@SC 2015 guidelines

x"-'-"{ﬁ

&
Regommendations Class® | Level®

Eﬁhﬁ PE survivors with persistent
| dyspnoea, diagnostic evaluation

for CTEPH should be considered.
a8 Screening for CTEPH in

asymptomatic survivors of PE is
currently not recommended.

lla

L
Galie Eur Heart ) 2016:37:67-119
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Echo: TR >1.8 m/s and >3 months of
» therapeutic anticoagulation
ra?“&
2
&
&
&
3F
40 .
; 5133
eae“” &
-..f;‘lal E.IG}
s &
W i
AL 9
%‘:}1 &&
@ g &‘9{\
K &
’E} b
E@q
&
E""’
.,:-'u.
&
[.:E':F?
-&:&
<3
{:}1
= C‘.'r{?-
o

L
Galie Eur Heart ) 2016:37:67-119
e R IGRS—.———————————————
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Vitesse dinsuffisan. =
tricuspide (m, s}

= 2,8 ou non ~esurable

< 'z;a'n;_x__r:f:ﬁi ﬁﬁﬂrah[iz
2934
29-34

>34

A. Ventricules

o Rapport du diamétre basal ventricule Temps d'accélérationdufluxdéjection |Diamétre de laReine cave inférieure > 21
droit / ventricule gauche (VG) = 1,0 pulmonaire < 105 m/s mm awvec g ﬁinutiun de son collapsus
et/ou “notch” (encoche)] mésosystolique | ins piratqﬂﬂe (= 50 % lors du “sniff test”
| ou -:ﬂ en inspiration normale)

Clinical suspicion

I

AL 8 DECEMBRE 2017
votel Paris Tour Eiffel

unication Education

therapeutic anticoagulation

Echo: TR 2.8 mis and >3 months of

Autres sipnes échographiques d'HTP

Probabilite d'HTP

a l'echographie cardiague

Mon

Qui

i

Non requis

Bas

Intermediaire

B. Artére pulmonaire C. Veine cave i Oreillette Droite

Inversion ou aplatissementde la

(index d'excentricité du VG = 1,1
en systole etfou en diastole)

courbure du septum interventriculaire

o

pulmonaire> 2,2 m/s Iﬁ-' 18cm?
ol

&
&

. Vitesse protodiastolique de régurgitation | %ﬁfa ce de l'oreillette droite (télésystole)

&
Diametre de I'artére pulmona i{é‘fzﬁ
mm GQ-D

@
R

Ly
Gali& Eur Heart ) 2016:37:67-119 ¥



GRCI 2017

K

’E}

Indicator CTPA
Sensitivity (%) 974 9.2 51.3
Specificty (%) > 90 9.6 99,3
Accuracy (%)’ 925 95.2 82.8
NPV (%) & 98.5 97.9 79.7
PPV @“f’ 83.5 90.3 97.6

.-:P

My

o Intermediate with high-probability scans as indicative of CTEPH.

"Only high-probability scans as indicative of CTEPH.
NPV = negative predictive value; PPV = positive predictive
value.

Tunariu J Nucl Med 2007;48:680-4
Galieé Eur Heart ] 2016;37:67-119 @

Clinical suspicion

l

Echo: TR >1.8 m/s and >3 months of
therapeutic anticoagulation

l

|

a‘it least
Negative Indeterminate 1 A sa
or larger-sized
deﬁ:tts
CTEPH PH CTE PH
ruled out hﬁnc&ﬂmn likely

Right heart catherization

and pulmonary angiography
{by conventional DSA,
multidetector CT, MRA)

ﬂ)&

QCT = gomputed tomography (pulmonary angiography and high resolution
irmaging of the kung for diagnosis of parenchymal lesions); CTEPH = chronic
thromboembolic pulmonary hypertension; D5A = digial suboracton
angiography. Echo = echocardiography; MRA = magnetic rasonance angiography:
TR = tricuspid regurgication velocity; VIQ = ventlation-perfusion.
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Angiographie
pulmonaire

e Technique rigouresise
E.'L;L&h
® Plusieurs inché%nces
Tk
® Face{xﬁraite

* RAofil droit
x@*&
% OAG

* Profil gauche
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Angioscanner thoracique
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&

Angioscanner thoracique
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Angjoscanner thoracique
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¢ Diagnostic

]

o
6‘

= Apres uneﬁ aigué ou récidivante:

— Lune de*miel .
&
— Dvw‘ﬁee d'effort 5
= H’@amnptyme qﬁ
qf-h Slgnes d’insuffisance cardiaque droite @ﬁ@
@ &

& — Souffles thoraciques +++

— La premiére présentation d’'une HTPPE peut mimer celle d’'une

EP « aigué » (TDM+++/ PAPs+++) bﬁ"’

W@

= Sans antécédent connu d’EP S

£

— Diagnosticfait dans le cadre du bg&:ﬁ d’'une HTAP

,.;1@
£
i"
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