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Pulmonary hypertension in patients
with congenital heart disease

* Increased pulmonary flow

* Increased pulmonary pressure
* Vasoconstriction

* Intima- media hyperplasia

* Irreversible changes

 (Genetic factors: unkown
e LV failure, MR



High Rp 1n pts with mod-large
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PH pathology: Heath-Edwards

Media Intima
hypertrophy none
11 hyperplasia
I11 fibrosis
IV dilatation plexiform
\Y
VI nectotizing fibrinoid




Pathology of severe pulmonary
hypertension

e Plexiform lesions

. Intlmal thlckenlng




Cardiac catheterization

* Pulmonary flow, Systemic flow
— Fick mehod

 RAp, PAp, LA (PA wedge) pressure, AOp
* Reactivity test
— 100% O2
— Prostacyclin (Epoprostenol) 2,4,8,10 ng/kg/min
— NO 20 ppm (20-80 ppm)



Pulmonary resistance

* Rule of Ohm: V=IR R=V /I
* Rp = (mean PA pressure — mean LA pressure) /

Qp

* Example:
Rp=( 25 mmHg — 10 mmHg) /3 L/min/m2
=5 Wood unit x m2
* Normal < 3 Wood unit x m2



Rp 1n patients with ASD
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ASD with high total pulmonary
resistance (>7 Um?2)
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Recommendations

* Pts with PAH associated with CHD should
undergo pulmonary vasodilator testing

* Pts with PAH should undergo pulmonary
vasodilator testing by experts



Criteria of responders: IPAH

\
* A decrease of mPAP > 10mmHg
* mPAP <40mmHg
* No decrease in CO
N\ J
[- A decrease in PVR> 20% }

[' A decrease in mPAP >20%, no decrease in CO }




Operability

* PVR <6 Wood units x m2, PVR:SVR <0.3

e [f PVR between 6-9 and PVR:SVR between
0.3-0.5, do acute vasodilator test

— A decrease of PVR > 20%

— A decrease of ratio of PVR:SVR .>20%
— Final PVR <6

— Final PVR:SVR <0.3

Lopes and O’Leary. Cardiology Young 2009




Indication of ASD closure

Patients with significant shunt (signs of RY
volume overload) and PYR <5'WU should

undergo ASD closure regardless of symptoms

Patients with PVR 25 WU but <2/3 SVR or

PAP <213 systemic pressure (baseline or when
challenged with vasodilators, preferably nitric
oxide, or after targeted PAH therapy) and
evidence of net L-R shunt (Qp:Qs >1.5) may be
considered for intervention




Indication of VSD closure

Patients with V3D and PAH should be
considered for surgery when there is still net

L-R shunt (Qp:Qs =1.5) present and PAP or

PYR are <2/3 of systemic values (baseline or
when challenged with vasodilators, preferably
nitric oxide, or after targeted PAH therapy)




Indication of PDA closure

PDA should be closed in patients with PAH but
PAP <2/3 of systemic pressure or PYR <213
of SVR

PDA closure should be considered in patients

with PAH and PAP >1/3 of systemic pressure or
PYR >2/3 of SVR but still net L-R shunt
(Qp:Qs =1.5) or when testing (preferably

with nitric oxide) or treatment demonstrates
pulmonary vascular reactivity




Operability
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Acute vasodilator testing

* There 1s no established protocol for acute
vasodilator testing or proven criteria for
assessing the response with respect to either

operability or long term outcomes in CHD
(level C).

* (2013, Nice)



Can treat-repair lower the
threshold?

1) depends on the threshold,

2)we do not know a natural (unnatural)
history of PH after repair under
pulmonary vasodilators,

3)pulmonary vasodilators do not
normalize PA pressure.
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Indication of shunt closure 1n the
era of advanced therapy

* Low Rp
« High Rp and acute responders

* High Rp and borderline pts

— Treat-and-repair strategy, which has not been
established

— Appropriate selection of pts 1s important

— A significant responses to chronic advanced
therapy



Repair of previously inoperable pts
who respond to advanced therapy

For

Abort R-L shunt

Eliminates cerebrovascular
events

Prevent cyanosis
— Increase Ex capacity
— Decrease erythrocytosis
— Decrease hemostatic problems
— Decreasesystemic organ
failure
Protect pulmonary
circulation

Against

e Potential conversion of

Eisenmenger syndrome to
IPAH (and thus worse long-
term outcome)

High perioperative risk
Limited experience and no
long term data



Survival

Patients at risk
ES
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Adults with Eisenmenger Syndrome
Survival

Diller et al EHJ 2006
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Change 6MWD (m)

Bosentan increased exercise
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Cumulative mortality with
advanced therapies
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European Heart Journal (2010) 31, 1124-1131 CLINICAL RESEARCH
FUROPEAN doi:10.1093/eurheartj/ehq011 Pulmonary circulation

SOCIETY OF
CARDIOLOGY *

Combination therapy with bosentan and sildenafil
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Aims To evaluate the efficacy of combining the dual endothelin receptor antagonist, bosentan, and the phosfodiesterase-5-
inhibitor, sildenafil, in patients with Eisenmenger syndrome.

Methods The study was a randomized, placebo-controlled, double-blinded, cross-over design. Patients with Eisenmenger syn-

and results drome (n = 21) were treated open label with bosentan for 9 months. After 3 months, sildenafil/placebo was added
for 3 months, and a cross-over was performed for the last 3 months. At baseline and after 3, 6, and 9 months, patients
were examined with 6 min walk test, oxygen saturations, N-terminal pro-brain natriuretic peptide, New York Heart
Association (NYHA) classification, cardiac catheterization, and magnetic resonance imaging. The primary endpoint
was changed in 6 min walk distance (MWD). Bosentan improved the 6 MWD (377 vs. 414 m, P = 0.001), pulmonary
vascular resistance (PVR) (28 vs. 22 wood, P = 0.01), and pulmonary blood flow (2.6 vs. 3.5 L/min, P = 0.01). Adding
sildenafil to bosentan did not improve the 6 MWD significantly (21 vs. 8 m, P = 0.48), but increased saturation at rest
(2.9 vs. —1.8%, P < 0.01).

Conclusion In Eisenmenger syndrome, treatment with bosentan significantly improved walking distance, pulmonary blood flow,
and PVR. Adding sildenafil to bosentan did not significantly improve walking distance but did increase saturation at
rest,



Renal failure in congenital heart disease

GFR < 60 ml/min/1.73m? (moderate-severe GFR impairment)
— GFR =60-80 ml/min/1.73m~* (mild GFR impairment)
— GFR >90 ml/min/1.73m* (normal GFR)
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Pulmonary vasodilators

* Pulmonary vasodilators should be considered
in patients with Eisenmenger syndrome,
especially with low SPO2.

» Effect of reverse remodeling of bosentan
remains to be clarified.



Anticoagulants, anti-platelets?

Anti-coagulation 1s warranted (Paul Wood)
— Thrombus 1n the large PA

— microembilism
Recommended in IPAH
Not recommended 1n ES?
In patients with AF, AFL?

In patients with episodes of pulmonary
embolism?



Broberg, ef al. Heart 2004




Arrhythmias

« PSVT
— DC

— Verapamil?, Amiodarone?

e Thyroid dysfunction with amiodarone

. AF, AFL

« Anticoagulants?

« VI. VI

« Amiodarone
e [CD?



Table 25 Recommendations for PAH associated with

congenital cardiac shunts

The ERA bosentan is indicated in WHO-FC |lI
patients with Eisenmenger's syndrome

Other ERAs, phosphodiesterase type-5 inhibitors,
and prostaneids should be considered in
patients with Eisenmenger’s syndrome

In the absence of significant haemoptysis, oral
anticoagulant treatment should be considered
in patients with PA thrombosis or signs of heart
failure

The use of supplemental O, therapy should be
considered in cases in which it produces a
consistent increase in arterial oxygen saturation
and reduces symptoms

If symptoms of hyperviscosity are present,
phlebotomy with isovolumic replacement

should be considered usually when the
haematocrit is > 65%

Combination therapy may be considered in
patients with Eisenmenger's syndrome

The use of CCBs is not recommended in patients
with Eisenmenger’s syndrome

lla C

lla C

lla &

llb C

] C




Conclusions

* There 1s no solid evidence for operability

* PH after repair
— Management same as for IPAH?

— Prognosis similar to or worse than in ES?

* There 1s no evidence for optimal treatment of

morbidity of Eisenmenger syndrome, except
for PH






Conclusion

 Pulmonary hypertension should be evaluated
carefully in patients with ASD and severe PH,
and indication of intervention in patients with
severe PH still remains to be clarified.

* The role of pulmonary vasodilators in the
management ASD with moderate-severe PH
also remains to be clarified.

 Pulmonary vasodilators should be considered
in patients with Eisenmenger syndrome,
especailly in patients with low SPO?2.
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Recommendations

 CHD patients requiring PAH-specific therapy
are managed in specialized centers



General: Consider Diuretics,

Oxygen, Anticoagulation,
Digoxin

- Improved
- Sustained
reactivity

Continue
CcCB

Positive + > 1 y.o.

ERA or PDE-5i (oral)
lloprost (inhaled)
Treprostinil (inhaled, USA)

Ambrisentan (llaC), Bosentan (IB), CCB (IC),
Epoprostenol (IB), loprost (HbC),
Sildenafil (1B**), Tadalafil (1laC), Treprostinil SQAV
(HeCHaC), Treprostinil inh {IILC), atrial
septostomy (HaC)

Epoprostenol or
Treprostinil (IV/SQ)
Consider Early Combination
ERA or PDE-5i (oral)

Atrial Lung
septostomy transplant



Survival (%)
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Endothelin Pathway
BREATHE-5: Study design

Bosentan
125 mqg bid
Bosentan
62mgbid |
Screening 2:1 Randomization Placebo
e e __225mgbd __ _ _ _
Placebo ‘
62.5 mqg bid
12 weeks

2 weeks 4 weeks

Baseline

16 Weeks

Galie et al for Breathe-5., Circulation 2006




BREATHE-S open label extension (OLE) study
Study design

Bosentan Bosentan 125 mq bid

Bosentan/placebo 62.5 M

BREATHE-5

—
16 weeks 4 weeks 20 weeks

|

Baseline OLE

Gatzoulis et al for Breathe-5, IntJ Card 2007




Cumulative mortality with
advanced therapies

- N0 advanced therapies
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Bosentan and Eisenmenger Syndrome
Longer-term 6 minute walk test

P=0.0009* P =0.005* P =0.03"

1]

* Comparison to baseline
Wilcoxon paired rank test
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Eisenmenger syndrome
Multi-organ disease

Heamatology (secondary erythrocytosis/thrombocytopenia)
Haemoptysis/thrombosis

Menorrhagia

Renal dysfunction

Increased uric acid (less commonly gout)

Cholelithiasis

Scoliosis

Arthropathy (osteochondrosis)

Acne

Systemic infection

— Brain abscess (focal neurology not to be confused for
hyperviscosity symptoms)

Arrhythmias (atrial & ventricular)
Syncope/Sudden cardiac death
Right heart failure (late, often ominous sign)



Eisenmenger Syndrome: Management Algorithm

Diagnosis: referral to PAH/CHD centre

History and Examination. CXR and ECG
Non-invasive tests-ECHO, cardiac MRI, cardiac CT
Cardiac catheterisation for selected patients only

Functional class/other investigations
6MWT

Quality of life questionnaire
Biochemistry, Iron studies (transferrin saturation)

v

Endocarditis prophylaxis, advice on exercise and other lifestyle issues

EdUCatIOH Effective contraception-risk of pregnancy very high

}

Correct iron deficiency

Therapy-qenera| Consider/Discuss thromboprophylaxis

Is there a role for reparative surgery/catheter based intervention ?

Y

Bosentan therapy for Class Ill patients

Therapv-advanced Consider other advanced therapies if evidence base widens

\ 4

Lung or heart/lung transplantation for selected patients failing medical therapy

Therapv-other Prostanoids as a bridge to transplantation (or as destination therapy?)

Inhaled NO or lloprost may have a role for the pregnant patient with PAH

UK and Ireland PAH Physicians Committe, Heart & Thorax 2008




6-minute walk distance
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Percutaneous O2 saturation
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Peak VO2 Predicts Combined End—Point of
Hospitalization or Death

Quartile 4: >27.0 ml/kg/min

| L ) L]

1 1 T 1 L]

L__| Quartile 2 and 3:
l 15.5 - 27.0 ml/kg/min

—— — —

p<0.0001

| L L

Quartile 1 vs. Quartile 2 and 3:

hazard ratio=1.9
95%Cl;: 1.2-3.2

| L} 1 T Ll

Quartile 1 vs. Quartile 4:

hazard ratio =4.5
95% Cl. 2.2-9.3

o
o
~
L
-

©
[}
©
.
o
o5
el
<
©
N
©
=
Q
(7]
o
e
=
o
Y—
=
o
O
Q
(O]
f—
(11

Quartile 2 and 3 vs. Quartile 4:
hazard ratio = 3.1
95% Cl: 2.1-4.7

Quartile 1: <15.5 mlkg/min ~ _

| L} L} 1 1

Y

L ' 1 ' l ' L 1 L l ' L ' L l L L 1 A l ' L L L l L L L L l

100 200 300 400 500 (Days)
Diller et al, Circulation 2005




Pulmonary hypertension and
congenital heart disease

CHD is common (~ 1% of newborns)

PAH is common amongst adults with CHD (~ 5-10%)
Affects quality of life and outcome £ugelfriet et al Heart 2007

Eisenmenger patients extreme end of the spectrum (~

1-2% of contemporary hospital cohorts) Puttels et al IntJ
Card 2007

Other CHD candidates for PAH targeted therapies

— (Class II patients

— Patients with increased PVR aiming towards symptomatic

improvement and potential repair ? Pimopoulos et al Int J Card
2008

— Patients without a subpulmonary ventricle (Fontan)
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Eisenmenger Syndrome: Thrombosis

Broberg, et al. Heart 2004

Silversides et al, JACC 2003
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Platelet P-selectin expression (MFI)
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Maternal mortality (%)

Pregnancy and PAH in
association with CHD

m IPAH
®m PAH-CHD
B Other PH

1997 - 2007 1978 - 1996

Bedard E, et al. Eur Heart J 2009; 30:256-65.
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Contemporary survival in Eisenmenger
syndrome: Relation to functional class
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Bosentan increases exercise capacity

6MWD (m)
Change from baseline

60 -
50 -
40 A
30 -
20 -
10 -

-10 A
20 A
30 -
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17)

} TE.=53.1m
p=0.008

Galie et al for Breathe-5, Circulation 2006




Change 6MWD (m)

Bosentan increased exercise

capacity

n=26
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Bosentan and Eisenmenger Syndrome
Longer-term 6 minute walk test

P=0.0009* P =0.005* P =0.03"

1]

* Comparison to baseline
Wilcoxon paired rank test
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Adults with Eisenmenger Syndrome
Survival

Diller et al EHJ 2006

~
~N Predicted
survival
Simple \
lesion \

Complex
lesion

Eisenmenger pts.
Log-rank p=0.02*
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Patient characteristics.

Total
Female
Median age at the last
clinic visit (years)
Cardiac defects
Simpie

Compiex

198
127
34

139

(64%)
(range 16-69)

{(70%) VSD
ASD
PDA
Combined
(30%) AVSD
Univentricular physiology
TGA/DORV/cTGA
AP window
Truncus arteriosus

72
32
27

24
17
13



Survival rate
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Problems of pulmonary (right side)
circulation

Branch PS

Pulmonary arterio-venous malformation
Systemic-to-pulmonary arterial collaterals
Veno-left atrial shunt

Baftle leak

Pulmonary thromboembolism
Relative PH



ACtuarial survival curve

after discharge
Fontan op (1974-2007) 605 pts

yrs after Fontan




Freedom from failing Fontan

Yrs after Fontan op.



Failing Fontan: 46/180 pts (26%)
> 10yrs after Fontan

Arrhythmia 50%
Large thrombus/ embolism 35%
CHEF/ Ventricular dysfunction 28%
Cyanosis 22%
PLE 7%




Problems of pulmonary (right side)
circulation

* may increase CVP and resultin .....
— arrhythmia
— enlarged RA, and thrombus formation

— veno-atrial shunt and cyanosis
— PLE

— liver cirrhosis
* may decrease cardiac output and cause CHF
* may cause pulmonary AVM and cyanosis



* Definition of relative PH?
— CVP > 18 mmHg with low Lap
— Rp >2.5 unit.m2
* Causes are unknown
— Non-pulsatile flow
— Endothelial dysfunction
— Vasoconstriction due to increased EDP
* Can be reduced by pulmonary vasodilator?

— Endothelin receptor antagonists
— PDE inhibitors



Effect of sildenafil in failing

Fontan
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Long-term results of ASD
closure
in pts with PH and with
reasonable indications
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RVP>50 mmHg before closure

In 5, increase
in PAP
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Systolic pulmonary arterial pressure (mmHg)
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Operability
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Acute test: Epoprostenol

It activates prostaglandin I receptor and
adenylate cyclase, increasing cCAMP

2 ng/kg/min, 4, 6, 8, 10, 12
Every 15 min

Systemic hypotension can occur



Acute test: Inhaled NO

NO activates soluble guanylate cyclase
Soluble guanylate cyclase increases cGMP
No 1s sacavengerd quickly by hemoglobin

As a test, 20 ppm NO 1n 100% O2 1s preferred

Short time use of NO usually does not cause
rebound

Cost: controvertial; industrial gass, medical
gass



