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Question

Question: o

e Among elderly patients referred for
the evaluation of pulmonary
hypertension, what is the most
commonly missed diagnosis?

OSA
CLD
HFpEF
PE
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Question:

e Among elderly patients referred for
the evaluation of pulmonary
hypertension, what is the most
commonly missed diagnosis?

1. OSA
2. LD
3. HFpEF
4 E

O

o

Key Message

Patients with PH and occult LHD
are frequently misclassified as
PAH and treated with PAH-
specific drugs.
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Classification

Comprehensive clinical classification of pulmonary hypertension
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Updated Clinical Classification HEH
of Pulmonary Hypertension 55 E .
= e (X
— = _%
Pulmonary Pulmanary | Capllary 7 Pulmonaey Pulmanary
artery arterlal branch bed  venousbranch vein

1) Pulmonary arterial hypertension (PAH).

2) PH due to left sided heart disease.

3) PH due to lung disease and/or hypoxia.

4) Thromboembolic PH.

5) Multifactorial PH. (as in sarcoidosis)
[ X X ]
0000
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Definition:

o Left-sided heart disease is
probably the most frequent cause
of PH.

e The key hemodynamic factor that
differentiates group 2 PH from
others is the elevation in the left-
sided heart filling pressure,
PAWP.

Definition:

e Left sided ventricular or valvular
dysfunction may result in chronic
left _atrial __hypertension, with
passive backward transmission of
this pressure to the pulmonary
vasculature leading to PH.
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Left sided Pulmonary
Hypertension
Prevalence of LHD-PH
Prevalence of LHD-PH

Etiology of pulmonary hypertension on
Echocardiogram

PAH, 2.3%
CTEPH, 0.6%

Lung disease

Slecp-related

ypoventilation, e
9.7%

Congenital heart
disease, 1.9% 65-80%

P Lottheart
disease, 78.7%

KEY POINT -—- PAH 2.3% majority in the patients are left
heart disease and pulmonary disease

patients with e

~
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Prevalence of LHD-PH

e In HFrEF, the prevalence of PH as assessed
by RHC was reported to be between 40 and
75%.

e In patients with HFpEF, recent studies
utilizing either echocardiography or RHC
indicated a PH prevalence in a range
between 36 and 83%.

Left sided Pulmonary see
Hypertension

Normal Heart

Causes of LHD-PH
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Causes of LHD-PH

Table 2 Couscs of Pulmonary Venouns Hlypoertension

Locntion Cloncdition
Acorta Cloamrcration
Supravalvalar sortio stenosix

L eft ventricle oot vontoicular fallure of any coarrse
Aortic stonosis

AOTIC regurgitation
Congonital suboaortio stenosis
I Iyvpoertrophio cardiomyopathy
Constricouve pocricarcitis
Reswiotive cardiomyopathy
IDilated cardiaomyopariny
Dairral srenosis

Mitral regurgitation
Left atrivumm Ball-valve thrormbius
Ny xornn -
Cor trimtriae
*ul nary v s Conpges 1 pul o« ¥ vein stenoxi e
Maodinswcinitis

Modiastinal fibrosis
MNMadiastioal neoplasmm

Causes of LHD-PH

e Although mitral stenosis was a
common cause of pulmonary venous
hypertension decades ago, heart
failure with a preserved ejection
fraction (HFpEF) is a common cause
of pulmonary venous hypertension

currently.
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Left sided Pulmonary
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Pulmonary Hypertemsion Normal Heart

Pathophysiology

Pathophysiology :

e Primary vascular changes in the arterial
wall may be absent in group 2 PH.

e Capillary and arterial remodelling
develop as a result of backward
transmission of increased pulmonary
Venous pressure.

11/10/2019
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Pathophysiology
e0o
'
°
* Loss of LA compliance
; : * Diastolic dysfunction
Ko = ]
Passive A\ in mPAP * Pulsatile load by PAWP
* Exercise-induced MR
v * Endothelial dysfunction
Added component ____ [+ W NOand A\ ET-1 activity
Further A\ in mPAP * Vasoconstriction
« W BNP induced vasodilation
A 4
Significant PVD * Vascular remodelling
RV failure <-=-=--+ Decreased vascular compliance
Death * Blunted response to vasodilators
Mechanism of Pulmonary Hypertension Due to
Gl | eft Heart Disease
(XY
o000
: i
r"e capillary Post oo
capitary capillary o

I —

TO SYSTEMIC

) CIRCULATION

Pulmonary Chronic

’ \
Arterial ‘ lung Pulmonary
hypertension R ez VENOUS
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Haemodynamic definitions of pulmonary hypertension

) 0 - " =

PH | PAPM 225 mmHg All

Pre-capillary PH PAPmM 225 mmHg 1. Pulmonary arterial
PAWP <15 mmHg hypertension

3. PH due to lung diseases
4. Chronic thromboembolic PH

5. PH with unclear and/or
multifactorial mechanisms

Post-capillary PH PAPmM 225 mmHg 2. PH due to left heart disease

PAWP >15 mmHg 5. PH with unclear and/or
Isolated post-capillary PH DPG <7 mmHg and/or muitifactorial mechanisms
(Ipc-PH) PVR <3 Wue
Combined post-capillary and DPG 27 mmHg and/or
pre-capillary PH (Cpe-PH)  PVR >3 WU

0 = cordisc oulput; DFG = Sastalic pressure gradient (Gastolc PAP - mesn PAWP): MPAP = mesn pulmonary artenal
pressure; PAWY = pulmonary srtenal wedge ressure; PH « pulmonary hypertersion; PVR = p y vascular ..
WU« Wiood urits.

AN values messured ot rest; see also secton /
*According to Table 4,

AN0od Units are greferted to dynes, s, on® Q E RS o ke e I @
MOCRTY

Evrcpean Hemt Jounal 2056 37,67 =110 <o 10 109N sutesPumat T
Esrmpemn Respdorny Jootra 2018 4 90307

- www.escardio.org atesy

Pathophysiology

Post-Caplllary PH
(PCWP>15 mmHg; PVR nl)

Respiratory Atrial Myxoma
Dizseases Cor Triatriatum py pisease

PC
plv [ Systemic HTN
comg\r,%sglon AoV Dissase
1

Pre-capillary PH
PCWP<15 mmbig DCM,HCM,Ischem

PVR =3 Wu RCM,Obesity ,
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Pathophysiology 2
i CW A Proposed Definition and Classification of PH-LHD
Teminology PAWP Diastolic PAP - PAWP
Isolated post-capillary PH >15 mm Hg <7 mm Hg
Combined post-capillary >15 mm Hg >7 mm Hg

and pre-capillary PH

Hemodynamic measurements are taken under resting conditions.

The prevalence of Cpc-PH in patients with HF is 12-38%

Pathophysiology 2

PULMONARY CIRCULATION

Passive backward
transmission of left-sided
filling pressures

=

LEFT HEART

Loss of LA compliance

RIGHT HEART

(exercise Increased)
Mitral regurgitation

Systolic/diastolic
LV dysfunction

11/10/2019
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Pathophysiology

Pulmonary
Circuit

PVR1

RA Functional RV PA/RV LA Functional HFIEF
Dilatation mm Dysfunction Uncoupling Dysfunction MR HFpEF

Pathophysiological Sequence: Backward Transmission

Pathophysiology

“Left Ventnicular Phenotype” "Right Ventricular Phenotype™
Right - I Severe Right

Ventricle Le:’:f"m.w.-.“ Ventricular

“normal” - ] et Dysfunction

Spectrum of Right Ventricular Dysfunction and Presentation

- b
LOWE!  f— Mortality $ Higher
Treat myocardial g Treat & Clinical Trials

-

[ valve discase & Registries

Post or Pre-capillary

Post or Pre-capillary
Pulmonary Hypertension

" pulmonary Hypertension

Resting H. dy lcs

Figure 4 Left vertnosar phenotype’ vs. right ventrcular phenatype’ n putmaniry hypertension associated with left heart dsease. Shown i the
spoctrum of right ventricular dysfuncrion and presentation, the snpact on maortaity, therapeutic implications, and resting pulmanary

Femodymamics
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Left sided Pulmonary
Hypertension

Pulmonary Hypertemsion Normal Heart

Diagnosis

£ 17 |
Diagnostic Algorithm for Pulmonary Hypertension (1)

Symiptoms, sians, history suggestive of PH

Echocardiographic probability of PH (Table 7)

Conslder left heart disease and lung diseases Consider other causes
by symptoms, slgns, risk factors andor follow-up
ECG; PFT+DLCO, choix radiograph and (Tatile 8)
HRCT, anterial blood gases (Table 8

Diagnosls of e8! heart
diseases or
lung dFseases confirmed?

No sign of severs Signs of severe
PH/RV dystunction PHRV dysfunction
V/Qscan

Mismatched perfusion
Traat underylng tisease defects?

J
Refer to PH expert centre
’
LM UEAN
www.escardio.org St Pt S 3767110010 TOPSmImesyuatT aRroces

Ewropemn y Joutras DOTE M6 SDXOT
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Clinical prasentation

Age >65 years

Examples of key factors suggestive of Group 2
pulmonary hypertension

Echocardiography

Structural left heart abnormality
+ Disease of left heart valves

+ LA enlargement (>4.2 om)

+ Bowing of the 1AS to the right
+ LV dysfunction

+ Concantric LV hypertrophy and/or
incressad LV mass

Other features

ECG

« LVH and/or LAH

< AF/AfiD

- LESB

« Presence of Q waves

Symgtoms of left heart failure

Doppler indices of increased filling
prassures

+ Incronsed Efo’

+ >Type 2-3 mitral flow abnormality

Other imaging

« Kerley B ines

« Pleural effusion

« Pulmonary oedema
- LA enlargement

Features of metabolic syndrome

Absence of ;

+ RV dysfunction

+ Mid systolic notching of the PA flow
+ Paricardial effusion

History of heart disease
(past or cwrrant)

Persistent atrial fibrlllation

Al = stnal futter; AfiD = sinal Sbaltation; ECG = electrocardogram; JAS = inter-alrial Septum; LA = left atrum:
LA = delt antenor hemiblock; LBBBS |eft bundle branch blocks LV = left ventrecle;
LW & [eft venticular hypertrophy; PA « pulmonary artery; RY <« nght ventnde.,

@ ERS - @

www.escardio.org Eurcpean Hem! Jounal 2096 3767110 <ot 10 1093 sutes T T 5%&’
Ewrmpem Fespoafony Joutrs 2018 6 S0XOT
[ X X ]
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Recognition of PH resulting from HFpEF is more challenging, and 0000
HFpEF is commonly mistaken for IPAH. :::'
o0
Distinguishing Pulmonary Arterial Hypertension From Heart Failure With Preserved Ejection Fraction
PULMONARY ARTERIAL
CHARACTERISTIC HYPERTENSION MORE LIKELY HFPEF MORE LIKELY
Ay Youeger Ol
Coeoarbéd condticns dabetes melbis, byperienson, cooseary | Oves deent [hen preee i reuktiple
artery dwase, odxsty (aetanic andung
Svmprors: parvanal eocvsal dvg e, anthoposs (Fex et (e gresn
Cardia evamigation Right vestricudar heave, Jond P, tricusphé Sestained left veetricula ipetee, S,
gt mEnE
Chest xray Cloar Img fdis Palmoary vascudar congestion, plewal effisicns,
pinenay akni
Cheg T (iten cewr s Mol perfssine patten, gomé-ghiss opackes
tonsitent Witk Ak ntersiidl aderea
ECG Righe acts deviathon, gt vercocular enkegement] Left atrlal enlargermers, lehh venoriode enbegement arad
[ibflatioe, 20 right axis devlation
Narirex peptids (O ex eevated (¥4en drvited
Echocardegraphy shawing beft strial eelargenent, ieft vemriodar | Absert Dften proseme
bypertmaghy
Echocadeography showing dntoic dshaction Crade | comimoe Gt 2. J annm
Echocardegraphy of night vemtrick (¥ies enbargd, may share the apes Ofsex a0emul, mildy enbrged
Echocardegraphy showng pericardal effuden Sondins Rare
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al [ Pre-test probability of PH-HFpEF |
: 1
e }——
) RY abnormality
No RV abnormality limaging, ECG}

EE e

bl l RHC at expert centrest |
I
v v
[ PAWF 13-16 mmHg | | PAWP »15 mmHg |
Low prabability Intermediate or Law probability Intermediate or
high probability high probability

v
1] Consider provocative testing Consider LVEOP
2| Consider other cardiac testing” validation®
| ®
H- n.or!nal LV EF
.—”’P/-- --_\\K‘_
'_// _“‘“\.
POWP >15 PCWP <15 PCWP »15
PVR l<3 Wﬁlzr PVR 23*
DHF Are there DHF risk factors® Poat-capillary PH (DHF) with reactive precapillary PH
OR mixed post-capiliary PH (DHF)
\ precapillary PH (diopsthic of other)
\ OR Precapitary PH with RV dilatation and
" secondary incraase in LVEDP and PCWP
Yles No {ventrcular interdependence)
Exercise or volume loading  Precapiliary PH  Vasodilator challenge with nitropeusside™ *
PCW? 520-25 PCWP <20-25 PCWP <15 PCWP s or>15
I PVR <3 PVR 23
DHF Precapillary PH DHF DHF4 precapillary PH
7 Vaiue of P vasodilator therapy

Fagure 25.1 Caagostic apgeoech 10 Grgund: DSOWGen pescasdiany *1 (pramonary 18l Npreateniion) and FH (ehined 10 thastond heat fadire 10mMFL
PR 3 COmubaies with & assouiromary GUackend fmaan Ba poassa sinves POWFS <20 mming and Slaitidic P4 pressire within S-2 romig of AOAR Wood
uril b e FUK unt e 0 s Bgue

THTH, 430 585, SEetes IVH, it aval Wrargenient, aind Moo, ow E', BE' 315 WITh senolo, RO dy nooedly (6e up 10 20-25mmig
Eamtticns POV i abncrrrad (1 11 ancieds J0-251mendag.

* 2000 Of APODOETA N Iy PUTTR rreadie 1V panload doxd AW i Jelt et Tadoro, a1 iy Do uisd 10 Bow 16T DHF & the prariy drive 0f
I Otfermne, svten addrening seurmactiaty v ettty mith o W Aagrom, ming A v " -
Ui afliriomd W iy wctuady o POWE MO fied seth s cain of Elraer Inion Howper et (200000

P
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Left sided Pulmonary
Hypertension

Pulmonary Hypertemion Normal Heart

Management

Management 1

e Whereas targeted therapies are
available for pulmonary arterial
hypertension (PAH), these
treatments have not been adequately
evaluated or are not indicated and
may even be harmful in patients with
PH related to LHD.

18



Management of pulmonary hypertension in left
heart disease

Recommendations

Optimization of the treatment of the underlying conditicn is
recommended before considering assessment of PH-LHD (i.e. treating
structural heart disease).

It is recommended to identify other causes of PH (i.e. COPD, SAS, PE,
CTEPH) and to treat them when appropriate before considering
assessment of PH-LHD.

It is recommended to perform invasive assessment of PH in patients on
optimized volume status.

Patients with PH-LHD and a severe pre-capillary component as indicated
by a high DPG and/or high PVR should be referred to an expert PH
centre for 2 complete diagnostic work-up and an individual treatment
decision,

The importance and role of vasoreactivity testing is not established in
PH-LHD, except in patients who are candidates for heart transplantation
and/or LV assist device implantation,

The use of PAH approved therapies is not recommended in PH-LHD.

www.escardio.org

Management 1

e Optimized treatment of the
underlying LHD including medical
treatments (reaching the target
dosages) and interventional
therapies (e.g. CRT, ICD, LVAD,
MitraClip) usually helps to lower left-
sided filling pressure and is always
the primary aim in HF patients.

11/10/2019
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Management :

e There is good evidence in patients with LV HF
and functional MR, that proper treatment of the
mitral valve including catheter-based
approaches such as Mitral Clipping or Cardio-
Band lead to substantial improvement of
pulmonary haemodynamics, including
reductions of the mean PAP and PAWP (mainly
via reduction of the v-wave), and a profound
improvement of cardiac index.

Key Message

Hence, MR has to be considered as
the potential cause of PH in LV HF,
and appropriate valve repair should
be initiated in patients who are on
optimized medical treatment.

11/10/2019
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Management

e Reductions of PAP were not

achieved by targeted PAH
drugs in this trial, but by
optimized HF treatment
Including adjustment of
diuretics (CHAMPION Trial).

Management

e The results of the ENABLE trials with
bosentan were recently published,
confirming that blocking endothelin-1 has
no effect on outcome in patients with
HFrEF.

e The SOCRATES programme assessed
the role of vericiguat, a guanylate cyclase
stimulator, in HFrEF and HFpEF.

11/10/2019
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Management

e In SOCRATESReduced, vericiguat did
not change the NT-proBNP level at 12
weeks compared with placebo.

e Similar results were observed In
SOCRATES-Preserved, with no effect on
left atrial volume index.

Key Message

Based on the current evidence, the use of
targeted PAH therapies in patients with PH
related to left HF is discouraged, and
selected patients with Cpc-PH and/or RV
phenotype should be referred to centres with
expertise in both HF and PH, and should—
whenever possible—be included into clinical
trials.

11/10/2019

22



Left sided Pulmonary
Hypertension
Prognosis
Pre-transplant pulmonary hypertension, 31T

even when reversible to a PVR of <2.5 WU,
is associated with a higher mortality

wi

é

E-‘
L I T T L
PURCIE  PUNRIA  PWMAZE  PWRIE TRASN  TPERM DO

Pre-Transplant Reversible Pulmonary Hypertension Predicts
Higher Risk for Mortality After Cardiac Transplantation

J Heart Lung Transplant 2005;24:170 —7
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Key Message

HF is often associated with PH
and RV dysfunction, which have
an important impact on disease
progression, morbidity, and
mortality, and this tends to be
underestimated in the field of HF.

PREVENTIO
IS BETTER.

A
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