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Disclosures

No financial disclosures or conflicts of interest

Objectives

1. Review updated pulmonary hypertension 
(PH) definition.

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

3. Describe patterns of PH in rural 
Minnesota.

4. Examine PH post-TAVR.
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What is Pulmonary Hypertension?
• Pressure 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

Benza RL et al. Circ, 2010; 122:164-172.

Fenstad et al. 
2014, Pulm Circ, 
4(3):504-10.
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Modified slide from Rick Nishimura MD

Increased flow: High 
output/shunt

Protective 
vasoconstriction

Irreversible
Plexiform lesions

Elevated left sided pressures
Aortic valve disease
Mitral valve disease
HFrEF or HFpEF

Anatomy - Pulmonary Hypertension

PVOD

PH Classification

The 5 Groups
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1998 – 2nd World 
Symposium

2008 – 4th World 
Symposium (Dana 
Point)

2013 – 5th World 
Symposium (Nice, 
France)

2018 – 6th World 
Symposium – updated 
PH definition

Simonneau G. JACC 2013, 
62(25S). 

PAH

Left Heart

Lungs

VTE

Misc

Simonneau G. JACC 2013, 62(25S). 
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PH Epidemiology

PAH Epidemiology

• PAH has a female dominant distribution 
4.8:1 (REVEAL Registry)
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PAH Epidemiology
• Idiopatic & heritable PAH incidence: estimated 

at 5-15 per million

• 10-15% of patients with Scleroderma (most 
common CTD)

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

• 2-16% of patients with portal hypertension

McGoon MD et al. JACC 2013, 62(25S):D51. 

Group 1 PH Subgroup 
Demographics

IPAH
46.8%

FPAH
2.8%

APAH
49.8%

PCH
0.0%

PVOD
0.5%

PPHN
0.1%

REVEAL Registry 
All Sites (n = 3515)

Badesch D et al. Chest 2010, 137(2):376-387. 
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Group 1 PH Subgroup 
Demographics for 

Associated PH
CHD

21.3%

CTD
50.9%

Toxins
10.0%

HIV
3.5%

PoPH
11.8% Other

2.5%

REVEAL Registry All 
Sites (n = 3515)

Badesch D et al. Chest 2010, 137(2):376-387. 

Pugh ME et al. Chest 2014, 146(1):159-166. 

≥ 65 yo referred for PH  202 patients 
- CTD strongest predictor of PAH

- Out of proportion PH 
related to group 2/3
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Magne J et al. JACC:CV Img, 2015;8:83-99.

Valve Disease 
& PH -

Epidemiology

Valve Disease &
PH Severity

Magne J et al. JACC:CV Img, 2015;8:83-99.
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PH is a Significant Comorbidity –
Aortic Stenosis

O’Sullivan CJ et al. Circ Cardiovasc Interv, 2015;8(7):e002358.

PH as a Comorbidity = ↑ Mortality in 
HFpEF & HFrEF

Guazzi M. Circ, 2012; 126:975-90.
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• 90% of severe COPD patients have mPAP
> 20 mmHg (PH is dz severity-dependent)

• 1-5% have resting mPAP > 35-40 mmHg

• Vascular lesions are morphologically 
similarly to those with Idiopathic PA

• PH is stronger association w/ mortality than 
FEV1

PH as a Comorbidity in COPD

Nathan SD et al. ERJ, 2019; 53:1801914.

• mPA ≥ 25mmHg -- 8-15% of patients w/ IPF, 
30-50% prevalence in advanced disease

• Mild PH in most patients

• mPAP increases by 1.8 mmHg/year

PH as a Comorbidity in ILD

Nathan SD et al. ERJ, 2019; 53:1801914.
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Nathan SD et al. ERJ, 2019; 53:1801914.

PH Evaluation 
in CLD

CTEPH = Group 4 PH

• 1-5% incidence 
after PE

• 25% pts w/ no     
PE history

• 96% sensitivity of 
VQ scan vs. 51% 
w/ CT

Tapson V, Humbert M. Proc Am Thor Soc, 2006;564-67.
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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

Lang IM, Madini M. Circ, 2014, 130:508-518.

PAH Evaluation and 
Workup
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PolysomnographyPolysomnography • Sleep Disorder• Sleep Disorder

• Chronic PE• Chronic PE

TEETEE

Exercise EchoExercise Echo

Pulmonary AngiographyPulmonary Angiography

Chest CT AngiogramChest CT Angiogram

Coagulopathy ProfileCoagulopathy Profile

ABGsABGs

• Index of Suspicion of 
PH

• Index of Suspicion of 
PH

• RVE, RAE, RVSP, RV 
Function

• Left Heart Disease
• VHD, CHD

• RVE, RAE, RVSP, RV 
Function

• Left Heart Disease
• VHD, CHD

• Ventilatory Function
• Gas Exchange
• Ventilatory Function
• Gas Exchange

Other CTD SerologiesOther CTD Serologies

• HIV Infection• HIV Infection

• Scleroderma, SLE, RA• Scleroderma, SLE, RA

• Portopulmonary Htn• Portopulmonary Htn

• Establish Baseline
• Prognosis
• Establish Baseline
• Prognosis

• Confirmation of PH
• Hemodynamic Profile
• Vasodilator Response
• r/o LMCA 

Compression

• Confirmation of PH
• Hemodynamic Profile
• Vasodilator Response
• r/o LMCA 

Compression

EchocardiogramEchocardiogram

PFTsPFTs

VQ ScanVQ Scan

Functional 
Test
And 

Biomarkers

Functional 
Test
And 

Biomarkers

Overnight 
Oximetry
Overnight 
Oximetry

HistoryHistory

ExamExam

CXRCXR

ECGECG

HIVHIV

ANAANA

LFTsLFTs

RH CathRH Cath

Pivotal Tests Contingent Tests
Contribute to 
Assessment of:

Vasodilator TestVasodilator Test

Exercise RH CathExercise RH Cath

Volume LoadingVolume Loading

Left Heart, CoronaryLeft Heart, Coronary
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Echo is a Screening Test

• Normal RV pressure < 30 mmHg

• Estimate RVSP with modified 
Bernoulli equation 
– Can over or underestimate

• RV size and function: TAPSE,              
S’, FAC

Lang RM et al. JASE. 2015; 28(1):1-39.
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Right Heart Catheterization

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

• Vasodilator response

Positive Vasodilator Test: 
1. mPAP ↓by ≥ 10 mmHg
2. mPAP < 40 mmHg
3. Normal or ↑ in CO
***4.5-10% of patients
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Definitions Characteristics Clinical 
Groups

Pre-capillary 
PH

• mPAP >20 mmHg
• PAWP ≤15 mmHg
• PVR ≥3 WU

1, 3, 4, & 5

Isolated post-
capillary PH

• mPAP >20 mmHg
• PAWP >15 mmHg
• PVR <3 WU

2 & 5

Combined pre 
& post-capillary
PH

• mPAP >20 mmHg
• PAWP >15 mmHg
• PVR ≥3 WU

2 & 5

Frost A et al. ERJ, 2019;53(1). 

PAH Pathophysiology
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Van der Feen DE et al. Heart. 2019;105:276-282.

• a

Bhatnagar A et al. Clev Clin J Med, 2018, 85(6):468-480.
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PAH Prognostic Factors &
Risk Prediction

Mean Survival in PAH Based on Etiology
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Benza R et al. J Adv PH, 2018;16(3):125-135.

Fenstad et al. Chest, 2013, 144(5):1530-38.

Pericardial Effusion Associated with Mortality

Follow-up, years
No. at risk

No effusion     427        333       277       229       158        116

Effusion          150        101         83         62         50          31
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Follow-up, years

Moderate or greater effusion

No effusion

Small effusion

B

2 3 4 51

No effusion        427       333         277        229       158        116

Small effusion   128         91           76          57         46          28

≥ Mod effusion   22         10            7            5           4            3 

No. at risk
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PAH – RAE Associated with Mortality

Fenstad et al. Circ, 2011;124:A15999, 21S.

PAH - RVH on ECG Predicts Mortality

Fenstad et al. Circ, 2011;124:A15999, 21S.
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PH Research

Rural vs. Urban Population

Rural vs. Urban PH

• Different demographics & socioeconomic 
pressures than urban communities

• >25% 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. 

Rural vs. Urban PH

• Retrospective consecutive pts w/ RVSP 
≥ 50 mmHg or PH symptoms

• PAH = mPA ≥ 25mmHg & PAWP ≤ 15 
with PVR > 3.0 WU (old definition)

• Consecutive patients -- 8/2015-
10/1/2018
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Patient Characteristics

Echo Characteristics

23 of 32



MHIF Cardiovascular Grand Rounds – April 27, 2020

Right Heart Cath 
Characteristics

Crow Wing County, MN 
Prevalence of PH: 124/million
Prevalence of PAH: 196/million

Aitkin County, MN
Prevalence of PH: 631/million
Prevalence of PAH: 638/million

Population: 
62,500

Population:
16,202

Prevalence of PH in Rural MN
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Conclusions

• PAH prevalence in rural Minnesota appears 
2.5-13 times 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?

PH Research

PH Post-TAVR
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Post TAVR PH

• PH with aortic stenosis impacts 1- and 2-year 
survival following TAVR 

• Many PH patients post-TAVR normalize 
RVSP, yet a subset have residual PH

Post TAVR PH Methods

• Retrospective review – TAVR from 
1/1/2009-4/29/2019

• Pre/post TAVR echo & pre-TAVR right heart 
cath

• PH = RHC mean PAP > 20 mmHg

• Residual PH = RVSP ≥ 50 mmHg on post-
TAVR echo
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Results - Post TAVR PH

= 18% of patient population

Results – Patient 
Characteristics
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Right Heart Cath Hemodynamics

Pre-TAVR RHC Hemodynamics

• 10 pts – PAH

• 130 pts – Group 2/3

• 4 pts – incomplete data

• 9 pts – mPA < 20 mmHg
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Post-TAVR RHC 
Hemodynamics

Patient RAP mPAP PAWP TD CO PVR

1 10 32 19 2.4 5.13

2 11 42 19 2.7 7.25

3 13 43 21 4.23 5.20

4 8 36 21 4.63 2.96

5 13 48 18 6.11 4.91

6 8 30 21 3.87 2.04

7 11 42 19 9.36

8 5 19 ND 3.6

9 11 30 24

• 9 pts had RHC post-TAVR; 
1 pt on PH meds

• Pts with residual PH

– 16% lower AVMG

– Avg change in 
pre/post RVSP = 
1.16 mmHg
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• PH associated 
with heart failure 
re-hospitalization
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Results – Survival
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Take Home Messages

• 5 groups for PH (Group 1 = PAH)
– RHC is gold standard

• PAH = mPA >20 mmHg, PAWP ≤ 15 & PVR ≥ 
3.0 Wood Units

• PH is underreported in rural population

• Post-TAVR PH in 20% of MHI population

Thanks
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• Peter Stokman & Tim Dirks
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