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Pulmonary Perfusion 101

Pulmonary Artery Catheter
(Swan-Ganz Catheter)




Normal Pulmonary Hemodynamics
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PAH Classification: Venice, 2003

= 1. Pulmonary Artery
Hypertension

2. Left Heart Disease

3. PH with respiratory
disease or hypoxia

4. PH secondary to
embolic disease

5. Miscellaneous

Process involving
pulmonary vasculature

Increased LAP

HVC or destruction of
pulmonary vessels

Clots and tumors

Zebras and extrinsic
compression
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What is Pulmonary Arterial
Hypertension (PAH)?

= Pulmonary hypertension (PH) is a group of diseases of the small
vessels of pulmonary circulation

= Pulmonary arterial hypertension (PAH) is one form of PH
= PAH is defined as:

= Sustained elevation of mean pulmonary arterial
pressure of >25 mm Hg at rest or >30 mm Hg
with exercise

= Mean pulmonary capillary wedge pressure
(PCWP) and/or mean left ventricular end-diastolic
pressure <15 mm Hg

Evian Classification of Pulmonary
Hypertension— Group 1

1. Pulmonary Arterial Hypertension
1.1 Idiopathic PAH (formerly PPH)
(a) Sporadic
(b) Familial
(c) PVOD/PCH
1.2 Related to:
(a) Collagen vascular disease
(b) Congenital systemic to pulmonary shunts
(c) Portal hypertension
(d) HIV infection
(e) Drugs / toxins
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Estimated Prevalence of PAH
(By Condition)

Gaucher’s
Anorexigen Use

Eisenmenger’s "

Cirrhosis
Scleroderma

HIV/AIDS

Pathophysiology
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The Challenge
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N Engl J Med 2004;351:1655-65.




= Pulmonary artery remodeling
= [ntimal fibrosis
= Medial hypertrophy
= Adventitial proliferation
= Luminal obliteration

= On occasion: vasculitis or changes in
pulmonary veins

Normal Pulmonary Artery and
Alveolus
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Pathology of PAH

intimal
proliferation adventitial
proliferation

medial
hypertrophy

Gaine S and Rubin L: Lancet 1998; 352: 719-725

A matter of “simple” plumbing
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Diagnosis

PH: Diagnosis and Evaluation

Routine

= CXR, PFTs, 6 minute walk, CT, oximetry

= EKG

= Serology and laboratory testing (esp autoimmune)?
= V/Q vs Spiral CT

= ECHO vs Right Heart Catheterization

Special Circumstances
= | eft Heart Cath

= Pulmonary Angiogram
= | ung Biopsy
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V/Q scan in IPAH

V/Q Scan in CTEPH
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Echocardiogram

= Screening tool?

= Mechanism to follow pulmonary pressures?
= Non-invasive

= “Cheap”

Echocardiogram utility:

= Chamber morphology
Left ventricular systolic/ diastolic function
Exclusion of congenital heart disease
Intra-cardiac shunts
Valvular function
Estimation of PA pressure?
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Cardiac Catheterization
= To exclude congenital heart disease

= To assess contribution of left heart (PAOP)
= To establish severity and prognosis
= Establish presence/absence of vasodilator

response

Catheterization is required for nearly every
patient with suspected pulmonary
hypertension (who will be treated)

PAH Determinants of Risk

Determinants of Risk Higher Risk
Clinical evidence of
RV failure
Longer (>400 m) 6MW distance Shorter (<300 m)
Minimally elevated Very elevated

Echocardioaraphic Pericardial effusion,
Minimal RV dysfunction ardiograp significant RV
findings ;
dysfunction
Normal/near normal . .
RAP and Cl Hemodynamics High RAP, low CI

McLaughlin VV, McGoon MD. Circulation. 2006;114:1417-1431.
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Treatment

Survival in PAH Patients According
to NYHA Functional Class

70
60

50

Survival 40
(mo) 30
20
10
0
NYHA I/l NYHA I NYHA IV

D’Alonzo GE et al. Ann Int Med. 1991;115:343-349.
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The Ultimate Goal of Treatment

® |mprove symptoms
= |mprove survival

With the least invasive therapy possible

First, Do No Harm

General Considerations

®= Do no harm:
= Hypotension
= Nitrates
= Beta-blockers
= NSAIDs
= Sedation

= Vagal maneuvers
(EGD, TEE)

= Contraception/
Pregnancy
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Parameters for Therapeutic Decision
Making

= What is the magic PA pressure?
Six Minute Walk
BNP
Right ventricular size and function
Hemodynamics
Functional Class
Combination

PAH specific therapies
General thoughts

Most increase 6 minute walk, functional class,
modestly improve hemodynamics

Little data on survival impact outside of Flolan

Choice based on availability, onset of action, drug
Interactions, provider experience, patient
preference, lifestyle considerations

There is no cure: these are all palliative
interventions
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General Considerations in PAH
Management

= Consider referral to
dedicated Pulmonary
Vascular Center
= Resources
® |nsurance Issues

= Concentrates rare
group of patients for
studies, support
groups

“Supportive Therapy”

4/14/2010
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Supportive Therapy

= Oxygen
Coumadin
Digoxin
Diuretics

Treatment of
underlying/ co-
existing disease

PAH Specific Therapies
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Where Do We Have Data?

= 1. Pulmonary Artery Hypertension

= 2. PH owing to left heart disease

= 3. PH owing to lung disease/ hypoxia
= 4. CTEPH

= 5. Unclear multifactoial etiologies

Where Do We Have Data?

= 1. IPAH

= 2. Heritable

= 3. Drug and toxin induced
= 4. APAH

= CTD, HIV, Portopulmonary, Congenital
heart disease, schistosomiasis, chronic
hemolytic anemia

4/14/2010
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Goals of Therapy

Goals of Therapy
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Improved QoL

Improved functional
status

Improved Survival

Anti-proliferation and
remodeling

RV size and function

Prevent in in situ
thrombosis formation

= Feel Better!
= |ive Longer!

= Breathe!
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It’s a spectrum _
Less Sick

Nothing
Oral Medicines
Nebulized Medicines

Continuously Infused
Medicines

Lung Transplant

Most Sick

25 years ago...

= Very Little!
—
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Current FDA Approved Therapies

Prostacyclin (PGl,)
= Epoprostenol (Flolan®, GlaxoSmithKline)

Prostacyclin Analogues (Prostanoids)
= Treprostinil (Remodulin®, United Therapeutics)
= |loprost (Ventavis® Inhalation Solution, CoTherix)

Endothelin-Receptor Antagonists
= Bosentan (Tracleer®, Actelion)
= Ambrisentan (Letairis, Gilead)

Phosphodiesterase Inhibitors
= Sildenafil (Revatio, Pfizer)

N Engl J Med 2004;351:1425-36.
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Oral Therapies

= Sildenafil (Revatio/ = Bosentan (Tracleer)

Viagra) = Ambrisentan (Letairis)
= Tadalafil
(Cialis/Adcirca)

Endothelin
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Some ERA issues:

= |FT abnormalities (11%)

= Takes time to work

= Avoidance of CSA and glyburide
= Use of contraception
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The NO Pathway—
PDES5 Inhibition
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Some PDE-5 issues:

BP

HA

Vision changes
Theoretical risk of priapism
No alpha blockers/nitrates

Prostaglandins

4/14/2010
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Prostacyclin

= PGI2
= Activity through cAMP
Vasodilator

Inhibits proliferation of vascular smooth
muscle

Decreases platelet aggregation
Decreased prostacyclin synthase in PAH

IV Epoprostenol (Flolan)
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SQ Trepostinil (Remodulin)

Nebulized Prostacyclin: lloprost
(Ventavis)
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Inhaled lloprost

Randomized, double-blind, placebo-controlled
12 weeks inhaled iloprost versus placebo
203 patients with NYHA Class Il or IV PH

= Primary pulmonary hypertension (50%)

= Associated with connective tissue disease (17%) or
anorexigen use (4.5%)

=  Chronic thromboembolic PH (28%)

37 European centers in 11 countries

Inhaled lloprost.
Composite Primary Endpoint for PAH Patients (WHO Group |)

| =

NN
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Change in 6-Minute Walk Distance in PAH
Patients (WHO Group 1)

— ]
4‘\.
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Inhaled Trepostinil

= Each treatment
completed in less than
one minute

4/14/2010
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Inhaled Trepostinil-- TRIUMPH

Age 18-75

Baseline 6MWD of 200-450 meters
Stable NYHA Class Il or IV

Confirmed diagnosis of PAH

— Ildiopathic or Familial

— Collagen vascular associated disease
— HIV or Anorexigen associated disease

On stable background therapy of bosentan (125
mg BID) or sildenafil for 3 months prior to
enroliment

TRIUMPH 1

Week 6 Weelk 12 Week 12
Trough
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Lowest Quartile Walks (204-302 m)

The Temptation.....

Table 2. Change in 6MW distance in the pivotal trials of PAH.

Epoprostenol’ Bosentan'®  Sitaxsentan'® Ambrisentan'  Sildenafil’®

Duration of 12 le 18 12 12
Treatrnent

Dose =9 ng'kgmin ) 125 mgt 100 mgt 10 mgt
(mean dose

Baseline 6MW 3le 226 260 341
Distance (m)}

A BMW* Distance (m)  + 32 +27 +25 +43
% A BMW Distance + 10% +8% + 7% +13%

[Cata ware either taken diractly or darived from information provided in cited references.

Fhata only provided for sub-groups receiving highest approved dose of respective medication.
iDiffers from Table 1 data, which reported baseline distancas for entire study populations.
*Reflects change in SMW distance for active drug group in each study.
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But....apples vs oranges vs carrots

Table 1. Baseline cohort characteristics of pivotal trials.

Epoprostenol”

Bosentan'™

Sitaxsentan™

Ambrisentan'*

Silde nafil'®

Number Treated
Mean Age (yrs)
Gender (%) F /M

Diagnosis (%)
IPAH / APAH

Functional Class
(%) 1A

Mean PAP (mm)

81
40
EEY

100/ NA

MA /75725
60

213
43
79/21

70730

MNA /76 /24
b4

185
43
JT23
60 /40

38/58/4
47

293
sl

79/21

64 /36

40/55/5
49

277
49
75125

63/37

39/58/3
53
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Mean RAP (mm) 12 10 MR 8 2]

Cardiac Index 21 2.4 25 25 2.4
(Ifminfm2)

Baseline BMWD (m) 204 338 336 45 344

Data were either taken directly or derived from information provided in cited references.
*Excluded the sub-group of patients on open-label bosentan.

IPAH — Idiopathic PAH; APAH — Associated PAH; PAP — pulmonary artery pressure; RAP— right atrial pressure;
GMWD — 6-minute walk distance; NA —not applicable; NR - not reported

Oral anticoagulants (E/B) - IPAHHPAH Supportive therapy and general measures Avoid excessive physical exertion (E/A)

Diuretics (E/A) Birth control (E/A)

Oxygen® (E/A) Psychological and social support (EIC)
Digoxin (E/C) Infaction prevention (E/A)
Supervised rehabilitation (E/B)

Acute vasoreactivity test (A for IPAH)
(E/C for APAH)

B e e o
Amiodipine, diltiazem, Recommendation WHO Class WHO Class Il WHO Class V
nifedipine (B) Ambrisentan, Bosen! Ambrisentan, Bosantan,
Slidenafil Epoprostenol IV, lloprost inh,
Sildenadll

Sitaxcsentan, Tadalafil 9
Trepro
Ambrisentan, Bosentan,
Sildenadil, Sitaxsentan, Tadalafil

| [Treprostinllink+ Troprostinil inh+

loprost IV, Treprostinil IV
INADEQUATE CLINICAL RESPONSE

Initial combination therapy
Sequential combination therapy

Not approved

+(B) Prostanoids INADEQUATE CLINICAL RESPONSE

o
PDESI ——y +(B) — ERA lung transpiant (ETA)
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PAH Determinants of Risk

Lower Risk Determinants of Risk Higher Risk

Oral anticoagulants. (E/B) - IPAHHPAH ‘Avoid excessive physical exartion (EIA)
Diurstics (E/A) Birth control (E/A)

Oxygen* (E/A) Psychological andsocial support (EXC)
Digoxin (E/C) Infiection prevention (E/A)

Supervised rehabilitation (E/B)

High Risk
e

Ambrisentan, Bosentan, | Ambrisen Epoprostenl IV

tan, Bosentan,
Siidenafi Epoprostencl IV, loprost inh,
Sil I

de nafi|
I ol -~k B
Treprostinil SC
[ ¢ [  Teersprost  Tireprostimisc |
[ = | [T EmEes |
Ini
B
I I~y
Sildenafi|, Sitaxsentan, Tadalafil
[Hotwpproved | [roprosiniioe | Troprosintine |
INADEQUATE CLINICAL RESPONSE

‘Sequential combination therapy

+@) Prostanoids INADEQUATE CLINICAL RESPONSE

i
PDESI ——y +(B) «— ERA lung transpiant (E/A)
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Rationale for Combination Therapy

(BREATHE-2) BEMWD NS
NYHA FC NS

Bosentan + Bosentan 125 mg bid + MWD NS
iloprost loprast 5 meg & timas daily TCW NS
(COMBIM! Functional Class NS

Bosentan + iloprost & Bosentan 125 mg bid + BEMWD + 26 m 081
(STEP)'™® [loprast 5 meg up to 6 times daily Dalayed TCW 022

Bosentan + 3 Bosentan 125 mg bid 4 MWD < .001
prostanoids!? llaprost intravenous or inhaled; + 42+ 66 m
or Beraprost Tel index improved <001

NYHA FC = New York Heart Assoclation functional class; OL = open label; PYR = pulmonary vascular resistance; RCT = randomized controlled trial;
EMWD = &-minute walk test distance; Tel Index = echocardiographic index of right ventricular function; TCW = time to clinical worsening.

4/14/2010
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VISION

POPIOSTENa

Slidenatil

lloprost

Ong-Ter I

16 weeks

PHIRST

Nalve or bosentan

Tadalafil

16 weeks

6 MWD

Plizer

Bosentan

Sildenatil

12 weeks

& MWD

COMPASS-2

COMPASS-3

Slidenafil

Bosentan

Bosentan

Slidenatil

Event driven

12 weeks

6 MWD
Morbidity/mortality avents

& MWD

GMWD = 6-minute walk tast distance,

4/14/2010
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Novel Approaches Undergoing
Evaluation for PAH

= Combination Therapies

= Novel Deliveries of Approved Therapies

= New Targets

Table 3. Novel therapeutic candidates for future
clinical trials.

Soluble cyclic GMP Agonist

Mitric Cxide Synthase Coupler

Tyrosine Kinase Inhibitors

Endathelial Progenitor Cell Transplantation

{Editor's note: the above agents are coverad in
Dr. Langleban's accompanying article)

Tissue-tropic Endothelial Receptor Antagonist
Prestacyclin Receptor Agonist

Rho A Kinase Inhibitor

Statins

Serctonin Receptor Antagonists

Serctonin Transporter [nhibitors

38



Team Approach

Nurses

Respiratory
Therapists

Pulmonologists
Rheumatologists
Primary Care
Cardiologists

Contact Info

Tim Williamson, MD, FCCP

913-588-6045

Email:
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