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Objectives

1. Review updated pulmonary hypertension
(PH) definition.

2. Differentiate Group 1 (PAH) versus
Groups 2-5 PH.

3. Compare PH prevalence in rural MN to
national registries
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What is Pulmonary Hypertension?

* 1Pressure In pulmonary vasculature

* Progressive RV failure & subsequent
death

 Why it matters = PAH 85%-91% 1 yr
survival -- 58% 5-yr survival

 Median 2.7 years from symptoms to
diagnosis

MINNEAPOLIS
HEART
INSTITUTE

it
-

Benza RL et al. Circ, 2010; 122:164-172.
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Figure 1. Symptoms encountered most often in patients with
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PAH Evaluation and
Workup

MINNEAPOLIS
HEART
INSTITUTE

(A




Diagnosis

Contribute to
Pivotal Tests Contingent Tests Assessment of:

ECG

History
Exam q - Index of Suspicion of
CXR l PH

« RVE, RAE, TRVSP, RV
TEE Function
Echocardiogram Exercise Echo » Left Heart Disease

* VHD, CHD
Chest CT Angiogram

» Chronic PE
Coagulopathy Profile

» Ventilatory Function
>
> - * Gas Exchange
Oximetry Polysomnography » Sleep Disorder

* HIV Infection
e Scleroderma, SLE, RA

2 Pulmonary Angiography

HIV

ANA Other CTD Serologies

LFTs

» Portopulmonary Htn

Functional
Test
And

Biomarkers

» Establish Baseline
> .
» Prognosis

Vasodilator Test
. e Confirmation of PH
RH Cath Exercise RH Cath

* Hemodynamic Profile

» Vasodilator Response

* r/lo LMCA
Compression
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Echo Is a Screening Test

* Normal RV pressure < 30 mmHg

* Estimate RVSP with modlfled ,
Bernoulli equation SR R
— Can over or underestimate 2

» RV size and function: TAPSE, & .
S’, FAC : ~u
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Anatomy - Pulmonary Hypertension

Increased flow: High
output/shunt

Irreversible
Plexiform lesions

W N

Protectlve
vasoconstrlctlon
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Right Heart Catheterization

Sysiistolic

[

0

Systolic
- .. -

Right atrial pressure Right ventricular pressure Pulmonary artery pressure Pulmonary artery
0-8 mm Hg Systolic: 20-30 mm Hg Systolic: 20-30 mm Hg wedge pressure
Diastolic: 0-8 mm Hg Diastolic: 8-15 mm Hg 8-12 mm Hg

HoPE RS-

DISCOVERED HERE Creating a workd sethout bt i vuscule dsease




Right Heart Catheterization

» Gold standard for diagnosis

* PAH = Mean PA pressure > 20 mm Hg

—In PAH - PAWP < 15 mm Hg

— PVR = 3.0 Wood Units Positive Vasodilator Test:
1. mPAP |by =10 mmHg

2. mPAP <40 mmHg
3. Normal or 1 in CO

 Vasodilator response +4.5-10% of patients

Tahle 7. Agents for Acute Vasodilator Testing

Epoprostenaol Adeniosine
Route of Administration Intravencus infusion Inbravencas Enhusion
Dhose Titration 2 ng'kg/'min every 10 to 15 min 50 rog Tg'min ew=ry 2 min
Dos= Rangs 2 1o 10 ng kg min 50 o 250 mog/ kg min 10 to BD ppm
Side Hfeots Headache nausea, lightheadedness Dyspnea chest pain, A% block Increased left heart filling pressure in susosptible patients




Pre-capillary « mPAP >20 mmHg
PH « PAWP <15 mmHg
PVR =23 WU

|solated post- MPAP >20 mmHg
capillary PH PAWP >15 mmHg

PVR <3 WU

Combined pre MPAP >20 mmHg
& post-capillary PAWP >15 mmHg
PH PVR =23 WU
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PH Classification

The 5 Groups
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i1 38 Updated Classification of Pulmonary Hypertension*

1. Pulmonary arterial hypertension

1.1 Idiopathic PAH

1.2 Heritable PAH

1.2.1 BMPR2

1.2.2 ALK-1, ENG, SMAD9, CAV1, KCNK3

1.2.3 Unknown

1.3 Drug and toxin induced

1.4 Associated with:

1.4.1 Connective tissue disease

1.4.2 HIV infection

1.4.3 Portal hypertension

1.4.4 Congenital heart diseases

1.4.5 Schistosomiasis
1’ Pulmonary veno-occlusive disease and/or pulmonary capillary hemangiomatosis
1". Persistent pulmonary hypertension of the newbom (PPHN)

2. Pulmonary hypertension due to left heart disease
2.1 Left ventricular systolic dysfunction Left Heart
2.2 Left ventricular diastolic dysfunction

2.3 Valvular disease
2.4 Congenital/acquired left heart inflow /outflow tract obstruction and
congenital cardiomyopathies

3. Pulmonary hypertension due to lung diseases and/or hypoxia
3.1 Chronic obstructive pulmonary disease
3.2 Interstitial lung disease
3.3 Other pulmonary diseases with mixed restrictive and obstructive pattern

3.4 Sleep-disordered breathing
3.5 Alveolar hypoventilation disorders I_u ngs
3.6 Chronic exposure to high altitude

3.7 Developmental lung diseases

1998 — 2"d World
Symposium

2008 — 4th World
Symposium (Dana Point)

2013 - 5t World
Symposium (Nice, France)

2018 - 6t World
Symposium — updated PH
definition

Simonneau G. JACC 2013,
62(25S).
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4. Chronic thromboembolic pulmonary hypertension (CTEPH) \Va =

5. Pulmonary hypertension with unclear multifactorial mechanisms
5.1 Hematologic disorders: chronic hemolytic anemia, myeloproliferative
disorders, splenectomy
5.2 Systemic disorders: sarcoidosis, pulmonary histiocytosis,
lymphangioleiomyomatosis
5.3 Metabolic disorders: glycogen storage disease, Gaucher disease, thyroid disorders
5.4 Others: tumoral obstruction, fibrosing mediastinitis, chronic renal failure,
segmental PH

*bth WSPH Nice 2013. Main modifications to the previous Dana Point classification are in bold.
BMPR = bone morphogenic protein receptor type Il; CAV1 = caveolin-l; ENG = endoglin;
HIV = human immunodeficiency virus; PAH = pulmonary arterial hypertension.
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PH Epidemiology




PAH Epidemiology

 |diopatic & heritable PAH incidence: estimated
at 5-15 per million

* 10-15% of patients with Scleroderma

« 3-10% of patients with congenital heart
disease (shunts)

e 2-16% of patients with portal hypertension
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PH as a Comorbidity = 1 Mortality In
HFpEF & HFrEF

Survivors (%)
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Chronic Thromboembolic PH
CTEPH = Group 4 PH

 1-5% Incidence
after PE

[58%at2yr
31% at1yr

* 25% pts w/ no

PE history ~ [(oeatem]

Cumulative incidence of CTEPH

* 96% sensitivity of ————
VQ scan vs. 51% Years

W/ CT Figure 1. Cumulative incidence of chronic thromboembolic pulmonary
hypertension (CTEPH) after a first episode of pulmonary embolism
without prior deep vein thrombosis. Reproduced by permission from
Reference 30.
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CTEPH Treatment
|

* Proximal disease =

surgery (PTEA)

— 11-35% of pts will have ”
residual PH

» Distal disease =
Medication
— Anticoagulation
— PH-directed meds

— Balloon pulmonary
angioplasty (A
Lang IM, Madini M. Circ, 2014, 130:508-518.
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PAH Pathophysiology
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Irreversible Normal

Adventitial fibrosis
= = and inflammation

Inflammation A . U A 4~ - Formation of
plexus channels

Disintegration of the
- - elastic laminae

Neointimal
CR R R RN — = = = = = = = == = = fiDrosis

* Disturbed Flow

Apoptosis-Resistance @ w

|| Flow Genes
Inflammation ! " "
: Proliferation ||
! Apoptosis
Medial
hypertrophy
1
Intimal
hyperplasia 1
1
Neomuscularization

Reversible <<l Early onset

HOPE ks

Van der Feen DE et al. Heart. 2019:105:276-282. DISCOVERED HERE'  Groutg o sanstew et s
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Presymptomatic/ Symptomatic/ ' Declining/
compensated decompensating decompensated

Symptom threshold

PAP
PVR

CO = cardiac output; NYHA = New York Heart Association functional class; PAP = pulmo-
nary arterial pressure; PVR = pulmonary vascular resistance
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PH Research

Rural vs.

MINNEAPOLIS
HEART
INSTITUTE

(A




Rural vs. Urban PH

 Different demographics & socioeconomic
pressures than urban communities

Health Professional Shortage Areas
Primary Care

e >259% of MN In rural communities
(1.38+ million people)

« Lack of access to specialist
physicians:
— 30 specialists/100,000 pts
vs. 263 per 100,000 pts
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Rural vs. Urban PH

* PH registries heavily weighted to urban
population

* PH classification & prevalence is
underreported in rural areas
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Rural vs. Urban PH

* Retrospective consecutive pts w/ RVSP
= 50 mmHg or PH symptoms

 PAH = mPA 2 25mmHg & PAWP =< 15
with PVR > 3.0 WU

« Consecutive patients -- 1/1/2010-
3/31/2020
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A 0 DU DU Oroup
123 (54) 38(68) | 22(54) | 63(48) | 0.041
32+8.9 29.1+7.6 | 30.8t7.4 | 33.6+8.8 0.002
72.2+11.9 68.5+14.1 | 74.6x10.5| 73+10.9 0.023
101 (44) 18 (32) 16 (39) 67 (51) 0.056
111 (48) 15 (26.8) | 28(68) | 68(52) | <0.001
6 (3) 2 (4) 2 (5) 2 (2) 0.377
186.5 287
280.5 316 (112, (139.5,
(137.5, 505.8) | (148, 801) 725.8) 443.5) 0.548




Kaplan-Meier survival estimates

1.00
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Age matters

Proportion Surviving
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|
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l

1
Time (years)

Number at risk
Age <80 169 126
Age 280 58 36

Age<80 ——




Kaplan-Meier survival estimates
B
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No difference in 2
year survival with

PAH, Cpc PH or
Non Group 1 PH
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Time (years)

Number at risk
Group 1 395 38 33 30
Group 1* 41 32 26 24
Non-group 1 131 92 83 76

Group 1* Non-group 1
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PAH Predictors

Echo Pericardial Effusion :
ﬂ Echo Mod/severe LAE —— :
|
Echo RVSP I
|
RHC mean PAP :
mm) RHCPVR R
|
6 Minute Walk distance |
|
|
|
|
|
|

-CAD R —

) Afibflutter —e——

Hypertension ' .

I
Age at RHC :-

- Male L .
I
I

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
Odds ratios
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Prevalence of PH in Rural Minnesota

Population:
28,567

—)

Population:
62,500

—

Population:
16,202

Cass County, MN
PAH: 560/million
Group 1*+2: 420/million

Aitkin County, MN
PAH: 370/million
Group 1*+2: 1543/million

Crow Wing County, MN
PAH: 368/million
Group 1*+2: 1360/million



Conclusions

 PAH prevalence in rural Minnesota appears
significantly higher than the estimated 15-50
cases/million compared to national data.

« Why? Lower socioeconomic area, access to
care, environmental exposures? Or
Nationwide trend of underrecognition?
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Take Home Messages
« 5 groups for PH (Group 1 = PAH)
— RHC is gold standard

 PH = mean PA pressure >20 mmHg
— PAH = PAWP < 15 & PVR 2= 3.0 Wood Units

* PH is underreported in rural population
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Questions
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