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Close your eyes and 
think of everything 

you know about echo 
evaluation of 

pulmonary hypertension
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Presentation Notes
I thought I’d start off your morning with a little shock and awe….



NOW PRESS THE

BUTTON!
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When using echo to evaluate 
for pulmonary hypertension, 

the PA systolic pressure 
is the last thing

you should look at!
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Learning Objectives

• Define pulmonary hypertension (PH) 
and its prevalence

• Describe the diagnostic approach to PH
• Discuss role of echo and invasive 

hemodynamic testing in diagnosis and 
management of PH



Biventricular HF or PAH??

Presenter
Presentation Notes
SPEAKER PLEASE NOTE: This slide is animated and should be tested for motion on the second click to be sure it is still linked to the following video files (all views except TR jet are set into motion sequentially with just one click):Same for both systole and diastole in short-axis view (one whole cardiac cycle)—syst/dias = Mild PAH20avi.Apical = Mild PAH56.avi.  The TR jet is not a video.This slide depicts an example of a patient with mild PH. The images on the left are parasternal short-axis views, which demonstrate flattening of the interventricular septum ONLY during systole, suggesting RV pressure overload (PH). In the apical 4-chamber view (upper right image), the RV appears borderline enlarged with normal systolic function (see video clip as well).The continuous wave Doppler image of the tricuspid regurgitant jet (lower right image), demonstrated a TR jet velocity of 2.7 m/s and, therefore, a PA systolic pressure estimate of 30 mm Hg plus the RA pressure. The PASP itself is only borderline increased, and had it not been for the echocardiographic evidence of RV pressure overload, PH would not have otherwise been suspected based upon this echocardiogram.However, it should be recognized that the TR jet envelope is incomplete, which can lead to an underestimation of the PASP, and the systolic flattening of the IVS should raise suspicion for the presence of PH.



What I look for on the echo in PH

• Left heart disease causes of PH
• RV size and function function: 

» RV size (RV basal diameter) and RV wall 
thickness

» RV systolic function (RV s’ velocity, TAPSE, 
global RV function)

» Septal flattening: systole, diastole, both? 

• Pericardial effusion
• Bubble study to look for intracardiac shunt



What I look for on the echo in PH

• Hemodynamics: 
» PA systolic pressure (peak TR gradient)
» PA diastolic pressure (end-diastolic PR gradient)
» RA pressure (IVC size and collapsibility)
» LV filling pressure (E/e’ ratio [use lateral e’])
» Non-invasive PVR: peak TR velocity/RVOT VTI



What I look for on the echo in PH

• PAH vs. PVH: 
» RVOT notching? 
» LA/RA ratio? 
» Interatrial septum bows to left or right? 
» Lateral e’ ratio? 
» Grade of diastolic function? 



Definitions of PH

• A hemodynamic and 
pathophysiologic condition

• PH: not a disease itself
• Pulmonary arterial hypertension 

(PAH): a disease of the 
pulmonary microcirculation

Galie N, et al. ESC Guidelines on the diagnosis and treatment of PH. Eur Heart J 2009



Hemodynamic Definition of PH/PAH

PH

PAH Mean PAP ≥25 mm Hg plus
PCWP/LVEDP ≤15 mm Hg

Mean PAP ≥25 mm Hg

ACCF/AHA includes PVR >3 Wood Units

Badesch D et al. J Am Coll Cardiol. 2009;54:S55-S66.
Galiè N et al. Eur Heart J. 2009;30:2493-2537.
McLaughlin VV et al. J Am Coll Cardiol. 2009;53:1573-1619.

Presenter
Presentation Notes
The hemodynamic working definition of PAH listed here is derived from the 2009 Proceedings of the 4th World Symposium on PH.  In the new recommendations, exercise and PVR criteria have been eliminated. An accurate PCWP can be difficult to obtain in patients with PH and enlarged pulmonary arteries. If PCWP is elevated despite multiple attempts, especially if blood obtained in the wedge position is not fully saturated, direct measurement of LVEDP should strongly be considered so as not to misdiagnose patients who have PAH. In a recent retrospective study of 4320 patients undergoing simultaneous right and left catheterization, 54% meeting criteria for PAH on the basis of a PCWP ≤15 had a LVEDP >15 (even among patients being evaluated specifically for PH)ACCF = American College of Cardiology FoundationAHA = American Heart AssociationLVEDP = left ventricular end-diastolic pressurePAP = pulmonary arterial pressurePCWP = pulmonary capillary wedge pressurePVR = pulmonary vascular resistanceRefs: Badesch D et al. J Am Coll Cardiol. 2009;54:S55-S66.Galiè N et al. Eur Heart J. 2009;30:2493-2537.McLaughlin VV et al. J Am Coll Cardiol. 2009;53:1573-1619.



Revised (2013) Categories of PH
1. PAH

• Idiopathic PAH
• Heritable
• Drug- and toxin-induced
• Persistent PH of newborn
• Associated with:

−CTD
−HIV infection
−Portal hypertension
−Congenital heart disease (shunts)
−Schistosomiasis

1’. PVOD and/or PCH
1”. Persistent PH of newborn

2. PH Owing to Left Heart Disease
• Systolic dysfunction
• Diastolic dysfunction
• Valvular disease
• Congenital left heart disease, 

cardiomyopathies

3. PH Owing to Lung Diseases and/or Hypoxia
• COPD
• ILD
• Other pulmonary diseases with mixed

restrictive and obstructive pattern
• Sleep-disordered breathing
• Alveolar hypoventilation disorders
• Chronic exposure to high altitude
• Developmental abnormalities

4. CTEPH

5.  PH With Unclear Multifactorial Mechanisms
• Hematologic disorders
• Systemic disorders, sarcoid
• Metabolic disorders
• Others

Simonneau G et al. J Am Coll Cardiol. 2013

Presenter
Presentation Notes
The clinical classification of pulmonary hypertension, updated at the 4th World Symposium, is represented here.PAH is represented in the first subgroup. Pulmonary veno-occlusive disease and pulmonary capillary hemangiomatosis are housed within this classification, but in a separate group, distinct from but very close to Group 1 (now called Group 1-prime).Of note, left heart disease (Category 2) probably represents the most frequent cause of PH. Therefore, it is critically important in the diagnostic workup to distinguish right heart from left heart disease.The predominant cause of PH in Category 3 is alveolar hypoxia as a result of lung disease, impaired control of breathing, or residence at high altitude.Patients with suspected or conﬁrmed CTEPH (Category 4) should be referred to a center with expertise in the management of this disease.Group 5 comprises several forms of PH for which the etiology is unclear or multifactorial. CHD = congenital heart diseaseCOPD = chronic obstructive pulmonary diseaseCTEPH = chronic thromboembolic pulmonary hypertensionHIV = human immunodeficiency virusILD = interstitial lung diseasePCH = pulmonary capillary hemangiomatosisPVOD = pulmonary veno-occlusive diseaseSimonneau G et al.  J Am Coll Cardiol. 2009;54:S43-S54.



KEY LESSONS
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Lesson #1
PH is common
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Which of the following 
statements is TRUE? 

1. Pulmonary hypertension is rare
2. Left heart disease is the #1 cause of PH
3. Elevated PVR is a marker of increased 

mortality but elevated PASP is not
4. Prevalence of PH is decreasing



Which of the following 
statements is TRUE? 

1. Pulmonary hypertension is rare
2. Left heart disease is the #1 cause of PH
3. Elevated PVR is a marker of increased 

mortality but elevated PASP is not
4. Prevalence of PH is decreasing



Presenter
Presentation Notes
Where’s Waldo?Among all these people, who has shortness of breath?Who has PAH?



Presenter
Presentation Notes
Where’s Waldo? (This is PAH.)



Presenter
Presentation Notes
In the “real world” there are lots of Waldo’s but the majority have PH, not PAH.



PH in the Community: PASP and Survival
All Participants

(N=1413)
Overall Log Rank p<0.001

No Cardiopulmonary Disease 
(N=778)

Overall Log Rank p=0.002

*Bonferroni-adjusted p<0.05 in pairwise comparison with lowest tertile.
Lam CSP et al. Circulation. 2009;119:2663-2670.
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Up to 20% of the US population has echo 
evidence of PH

Presenter
Presentation Notes
PH (elevated PA systolic pressure) is common in the community and associated with an increased risk for all-cause mortality, even in individuals with no known cardiopulmonary disease. This study by Lam and colleagues, included a random sample of 2042 people in Olmsted County, MN. PASP, measureable among 1413 participants, was a median of 26 mm Hg (25-75 percentile 24-30 mm Hg), and increased with age.PASP = pulmonary artery systolic pressureLam CSP et al. Circulation. 2009;119:2663-2670.



Epidemiology of PH by Echo
• Single echo lab / Australian community of 165,450

• Etiology of PH noted on echocardiogram

N=936 of 10,314 patients with echo PASP >40 mm Hg.
Strange G et al. Heart. 2012;98:1805-1811.  

Miscellaneous, 2.7% 

Lung disease,
Sleep-related

hypoventilation,
9.3% 

CTEPH, 2.0% 

PAH, 2.7% 
Unknown,

15.4% 

Left heart
disease, 67.9% 

Presenter
Presentation Notes
 It is important to recognize that while echo is an excellent screening tool, when there is suspicion of PH, the echo and cath are complementary, and one cannot substitute for the other. This slide depicts data from a single echo lab in 936 patients found to have PH on echo.   Not unexpectedly, the majority had left heart disease and, importantly, only a small number (2.7%) had PAH   While these data are subject to referral bias and we cannot be certain of the diagnostic criteria used, the point remains:  The echo and cath are each essential We cannot be certain of PAH on the basis of the echo aloneStrange G et al. Heart. 2012;98:1805-1811.  



Lesson #2
WHO Group I PAH is rare but 

deadly—make the dx early
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Presentation Notes
I thought I'd start off your morning with a little shock and awe….



Schematic Progression of PAH

Time

PAP

PVR

Presymptomatic/ 
Compensated

Symptomatic/ 
Decompensating

Symptom Threshold

Right Heart 
Dysfunction

Declining/ 
Decompensated

CO= TPG
PVR

TPG=transpulmonary gradient.

Presenter
Presentation Notes
This slide represents a synthesis of human and animal models of PAH that shows a putative model of disease progression.Pulmonary hypertension may be classified into 3 rough categories, pre-symptomatic/compensating, symptomatic/decompensating, and declining/decompensated.  In this hypothetical model, as the vascular pathology progresses (proliferation of intima, hyperplasia of the SMC, and adventitial fibrosis), PVR increases and pulmonary artery pressure rises in concert in order to maintain CO. As long as the RV is able to compensate for the resistance, pressure continues to increase as PVR increases. The increased RV workload causes the RV to hypertrophy and its efficiency falls, right heart failure ensues, and PAP will fall as the patient decompensates. Failure to maintain CO leads to the symptoms of the disease and ultimately right heart dysfunction and death.CO = Cardiac OutputPAP = Pulmonary arterial pressurePVR = Pulmonary vascular resistance



Lesson #3
Know the clinical clues for 
PH in the dyspneic patient 
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I thought I'd start off your morning with a little shock and awe….



Risk Factors
Is There a Reason to Suspect PAH?

• Family history
• Connective tissue disease
• Congenital heart disease
• Portal hypertension—liver transplant candidate
• Environmental/drug factors
• HIV
• Lung disease / OSA
• Chronic PE

Presenter
Presentation Notes
Risk factors that also increase suspicion of PAH are listed here.  Notably, approximately 10% of patients with idiopathic PAH will have a familial component.Connective tissue disease—especially systemic scleroderma (SSc)—is a major risk factor for PAH, as is congenital heart disease (CHD).Environmental/drug factors play a role as well. For example, anorexigen use in the 1990s was found to lead to a higher risk of PAH (very similar clinically and histopathologically to idiopathic PAH). Current data suggest that other agents such as methamphetamines could have a similar association and increase the risk of developing pulmonary arterial disease.Refs:McGoon M et al. CHEST. 2004;126:14S–34S.  Rich S et al. CHEST. 2000;117:870–874.  Chin KM et al. CHEST. 2006;130:1657-63.



Is There a Reason to Suspect PAH?
Clinical Presentation

History Exam (PH) Exam (RV Failure)
• Dyspnea (86%)
• Fatigue (27%)
• Chest pain (22%)
• Edema (22%)
• Syncope (17%)
• Dizziness (15%)
• Cough (14%)
• Palpitations (13%)

• Loud P2 (listen at apex)
• RV lift (left parasternal 

– fingertips)
• RV S3, S4
• Systolic murmur (TR; 
with inspiration)

• Diastolic murmur (PR)

• JVD; increased A 
wave, V wave; 
hepatojugular reflex

• Pulsatile liver
• Hepatomegaly
• Edema
• Ascites
• Low BP, low PP, 

cool extremities

REVEAL.  Brown LM et al. Chest. 2011;140:19-26.  
Adapted from McLaughlin VV et al. J Am Coll Cardiol. 2009;53:1573-1619.

Presenter
Presentation Notes
This slide lists common initial symptoms and clinical presentation that give cause to suspect PAH.Special attention should be given to:Dyspnea, when it behaves in a relentless and progressive fashion over a period of months to a couple of years, as compared with “dyspnea” that waxes and wanes from week to week or varies according to the season (eg, entities such as asthma are more likely to explain variable dyspnea). Syncope, when it is exercise- or activity-related.Patients who feel like “passing out” after going up a flight of stairs are more likely to have limited CO and brain perfusion (caused by severe PAH and other serious entities) as compared with people who feel they might pass out while sitting down watching TV or when they turn their heads too fast. The latter more likely reflects some other types of vertigo/dizziness less likely related to decreased brain blood flow because of cardiac issues.JVD = jugular venous distentionRV = right ventricularREVEAL.  Brown LM et al. Chest. 2011;140:19-26.  Adapted from McLaughlin VV et al. J Am Coll Cardiol. 2009;53:1573-1619



Right Axis RVH

Right 
Atrial 
Enlarge-
ment

RV Strain

Is There a Reason to Suspect PAH?
ECG

Presenter
Presentation Notes
Lack of right heart strain findings in a patient with “significant” or “severe” PH by echo should raise suspicion for causes of PH other than PAH, such as left heart disease (LHD) in the form of non-systolic heart failure (diastolic dysfunction). Presence of significant LV hypertrophy, left atrial enlargement, left axis deviation, or atrial fibrillation might suggest underlying left heart disease as the cause of the patient’s PH (pulmonary venous hypertension). 



Normal

Abnormal

RV enlargement 
into retrosternal 
clear space

Peripheral hypo-
vascularity (pruning)

Prominent central
pulmonary artery

Adapted from McLaughlin VV et al. J Am Coll Cardiol. 2009;53:1573-1619.

Is There a Reason to Suspect PAH?
Chest X-ray

Presenter
Presentation Notes
While the chest x-ray findings shown here can be very specific for the presence of elevated PAP and right-heart strain, these are typically late findings. It is not unusual to have a normal or “unremarkable” chest x-ray in early stages of PAH.  A normal x-ray should not rule out the presence of PH. 



Echocardiogram

PFT’s

Polysomnography

VQ Scan

• Sleep Disorder

• Chronic PE

Functional Test
(6MWT, CPET)

Overnight 
Oximetry

History
Exam
CXR
ECG

HIV

ANA

LFT’s

RH Cath

TEE
Exercise Echo

Pulmonary Angiography
Chest CT Angiogram
Coagulopathy Profile

Vasodilator Test
Exercise RH Cath
Volume Loading

ABG’s

• Index of Suspicion of PH

• RVE, RAE, ↑RVSP, RV 
Function

• Left Heart Disease
• VHD, CHD

• Ventilatory Function
• Gas Exchange

Other CTD Serologies

• HIV Infection
• Scleroderma, SLE, RA

• Portopulmonary Htn

• Establish Baseline
• Prognosis

• Confirmation of PH
• Hemodynamic Profile
• Vasodilator Response

Pivotal Tests Contingent Tests Contribute to 
Assessment of:

Left Heart Cath
McLaughlin VV et al. J Am Coll Cardiol.
2009;53:1573-1619.
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Presentation Notes
The steps necessary to establish which WHO group patients belong to are outlined in this schematic algorithm, presented in the most recent ACCF/AHA Consensus Statement.  These are general guidelines for the evaluation of PH. Since the suspicion of PH may arise in various ways, the sequence of tests may vary.  However, the diagnosis of PAH requires that certain data support a specific diagnosis. In addition, the diagnosis of idiopathic PAH is one of excluding all other reasonable possibilities.  In general, pivotal tests are those that are essential to establishing a diagnosis of any type of PAH either by identification of criteria of associated disease or exclusion of diagnoses other than IPAH.  All pivotal tests are required for a definitive diagnosis and baseline characterization.  An abnormality of one assessment (such as obstructive pulmonary disease on PFT’s), does not preclude that another abnormality (chronic thromboembolic disease on VQ scan and pulmonary angiogram) is contributing or predominant. Contingent tests are recommended to elucidate or confirm results of the pivotal tests, and need only be performed in the appropriate clinical context.  The combination of pivotal and appropriate contingent tests contributes to assessment of the differential diagnoses in the right-hand column. It should be recognized that definitive diagnosis may require additional specific evaluations not necessarily included in this general guideline.6MWT = six-minute walk test; ABG’s = arterial blood gases; ANA = antinuclear antibody serology; CHD = congenital heart disease; CPET = cardiopulmonary exercise test; CT = computerized tomography; CTD = connective tissue disease; CXR = chest X-ray; ECG = electrocardiogram; HIV= human immunodeficiency virus screening; Htn = hypertension; LFT’s = liver function tests;  PE = pulmonary embolism; PFT’s = pulmonary function tests; PH = pulmonary hypertension; RA = rheumatoid arthritis; RAE = right atrial enlargement; RH Cath = right heart cath; RVE = right ventricular enlargement; RVSP = right ventricular systolic pressure; SLE = systemic lupus erythematosus; TEE = transesophageal echocardiography; VHD = valvular heart disease; VQ Scan = lung ventilation-perfusion scintigramReproduced from McLaughlin VV et al. J Am Coll Cardiol. 2009;53:1573-1619.



Lesson #4
PASP is the last thing 

you should look at 
on echo when 

evaluating for PH

Presenter
Presentation Notes
I thought I'd start off your morning with a little shock and awe….



What is the most important echo finding in 
a patient with suspected or known PH? 
1. PA systolic pressure
2. RA pressure
3. RV size and function
4. Severity of tricuspid regurgitation
5. M-mode of pulmonic valve



What is the most important echo finding in 
a patient with suspected or known PH? 
1. PA systolic pressure
2. RA pressure
3. RV size and function
4. Severity of tricuspid regurgitation
5. M-mode of pulmonic valve



Which of the following is a cause 
of PASP over-estimation on echo?

1. Anemia
2. Poor acoustic windows
3. Poor Doppler alignment with the TR jet
4. LV diastolic dysfunction
5. None of the above: PASP on echo is 

under-estimated, not over-estimated



Which of the following is a cause 
of PASP over-estimation on echo?

1. Anemia
2. Poor acoustic windows
3. Poor Doppler alignment with the TR jet
4. LV diastolic dysfunction
5. None of the above: PASP on echo is 

under-estimated, not over-estimated



PA systolic pressure: echo vs invasive

N=160 consecutive 
patients with 
known or 
suspected PH

High correlation 
(r=0.7, p<0.001)

But…poor 
agreement

Rich J, Shah SJ, et al. Chest 2010



Problems with Doppler PASP

• Ultrasound / Doppler:
» Poor acoustic windows
» Inter-observer variability (under- and over-measured)
» Poor Doppler beam alignment

• Bernoulli:
» Viscosity (affected by RBC deformity, anemia, hypoxemia)
» Pressure-recovery phenomenon

• Other causes of elevated PASP besides ↑PVR
» Elevated left atrial pressure
» Elevated cardiac output
» Elevated systemic blood pressure

Shah SJ. Pulmonary Hypertension. JAMA 2012



Pitfalls of measuring PASP

Armstrong WF, Ryan T. Feigenbaum’s Echocardiography, 7th Edition.
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Bernoulli equation

• P1-P2 = ½ ρ (ν2
2-ν1

2) + ρ ∫(dν/dt)·ds + R(ν)

• RV-RA gradient = ΔP = 4(νTR)2

CONVECTIVE
ACCELERATION

FLOW
ACCELERATION

VISCOUS
FRICTION



The Right Ventricle in PAH

• RV pressure/volume overload
• RV failure

Progressive structural changes in the RV 
due to poor adaptation to increasing PVR

RA LA

RV LV

Cross section

Presenter
Presentation Notes
The relationship between the right and left ventricle in PAH is simplified by looking at a cross section through the lower chambers of the heart. The right ventricle is accustomed to the normally low resistance of pulmonary arteries and cannot compensate indefinitely to the increasing pulmonary vascular resistance that occurs in PAH.  A failing right ventricle ultimately becomes dilated, even to the point of impacting the structure and function of the left ventricle. Chin KM and Rubin LJ. Coron Artery Dis. 2005;16(1):13-18.



Strengths Limitations

Echocardiography in PH

• Best screening tool for PH

• Inexpensive, portable, readily 
available, non-invasive, no 
radiation

• Allows for serial assessment

• Provides clues to other 
diagnoses (eg, left heart 
disease, congenital heart 
disease)

• Experienced techs/MDs 
essential

• Imaging quality suboptimal in 
patients with poor windows 
(eg, lung disease, obesity)

• Right ventricle not imaged 
adequately in some labs

• TR jet inadequate to 
determine RVSP in
10%–25% of patients

McLaughlin VV et al. J Am Coll Cardiol. 2009;53:1573-1619.
Bossone E et al. Chest. 2005;127:1836-1843.
Brecker SJ. Br Heart J. 1994;72:384-389. 

Presenter
Presentation Notes
This slide lists various strengths and limitations of echocardiography in screening for PH.



Essential Components of the 
Echocardiogram in PH
• Doppler estimate of RVSP

• Assess biventricular size and systolic function

• Look for interventricular septal shift 

• Discriminate between pulmonary arterial and pulmonary 
venous causes of PH (if possible)

• Assess for congenital heart shunt lesions

• Document pericardial effusion

Bossone E et al. Chest. 2005;127:1836-1843.
McLaughlin VV et al. J Am Coll Cardiol. 2009;53:1573-1619.

Presenter
Presentation Notes
Spectral Doppler assessment of the degree of TR and measurement of the TR regurgitant velocity allow RVSP to be estimated using the modified Bernoulli equation.Echo can be used to assess biventricular size and systolic function (at least subjectively) and degree of right atrial enlargement.It can document the presence of systolic ± diastolic interventricular septal shift.It may be possible to discriminate between pulmonary arterial and pulmonary venous causes of PH on echo.Moderate or severe LV diastolic dysfunction on echo suggests pulmonary venous hypertension.Color Doppler and an agitated saline shunt study can be used to assess for congenital heart shunt lesions.Echo can document the presence and size of pericardial effusion.



Which of the following echo signs favors 
PAH in a patient with PASP 80 mmHg?

1. Elevated TR velocity/RVOT ratio
2. Reduced septal e’ velocity
3. PASP > 60 mmHg 
4. Severe RV enlargement
5. Grade I diastolic dysfunction



Which of the following echo signs favors 
PAH in a patient with PASP 80 mmHg?

1. Elevated TR velocity/RVOT ratio
2. Reduced septal e’ velocity
3. PASP > 60 mmHg 
4. Severe RV enlargement
5. Grade I diastolic dysfunction



Key Features of PAH on Echo
• Enlarged RV with normal or small LV 

• RA, RV, and PA enlargement

• RV dysfunction

• Increased PASP

• Notching of the RV outflow due to reflected  
pressure wave (due to stiff pulmonary arteries)

• Mitral E/A wave ratio <1.0

Bossone E et al. Chest. 2005;127:1836-1843.
McLaughlin VV et al. J Am Coll Cardiol. 2009;53:1573-1619.

Presenter
Presentation Notes
This slide lists the key features of PAH on echo:RV enlargement with normal or small LV volumesRA and PA enlargement—although they may not be markedly enlargedTricuspid and pulmonary valve regurgitation—usually at least mild regurgitation but with mild PAH may be minimalIncreased PASP (peak TR velocity >3.2 m/sec)—note that TR velocity may be underestimated in the absence of significant TRNearly all patients with PAH have interventricular septal flattening during systole (marker of RV pressure overload), visualized best in the parasternal short-axis view. When they develop RV failure, there is also IVS flattening during diastole (marker of RV volume overload)Because of ventricular interaction related to interventricular septal shift causing LV diastolic dysfunction, the mitral inflow pattern usually demonstrates an “impaired relaxation” pattern with mitral E/A wave ratio <1.0Usually present but not always apparent:RV hypertrophy—can be difficult to document and quantify true RV wall thickness because the RV is heavily trabeculatedRV systolic dysfunctionmid-systolic notching of the pulmonary valve (seen best on M-mode across the valve) and RV outflow tract pulsed-wave Doppler flow is a marker of increased pulmonary vascular resistance. It is a helpful sign of PAH, but is not always appreciated.



Lesson #5
Definitive diagnosis of 
PH requires invasive 
hemodynamic testing

Presenter
Presentation Notes
I thought I'd start off your morning with a little shock and awe….



Importance of Right Heart Cath

PH

PAH PVH

PBF

PVR
PADP-PCWP

PCWP
LVEDP
PADP~PCWP

CO

PAH (Group 1)
Hypoxic/Lung

CTEPH
LH Disease

PV Obstruction

Fever
Thyrotoxicosis

Anemia
Pregnancy

Presenter
Presentation Notes
This diagram shows hemodynamic classes of PH, represents their relative frequency, and the characteristics of each as might be seen during right heart catheterization (RHC).Among patients with PH, the majority have pulmonary venous hypertension (“passive” or “post-capillary” PH) related to diseases of the left heart. These patients will have elevated PAWP, LVEDP, and/or LAP related to left heart disease (typically with normal PVR). Patients with PAH have increased PVR and TPG (with normal left-sided filling pressures). These hemodynamic findings are also seen in patients with hypoxia, parenchymal lung disease, and CTEPH.Patients with a high CO state (“hyperkinetic” PH), such as with fever, thyrotoxicosis, anemia, pregnancy, and some cases of portopulmonary hypertension, have elevated CO yet normal LV filling pressure and PVR.



Respiratory variation in PCWP



Respiratory variation in PCWP

End-expiratory 
PCWP = 27 mmHg

Lung disease
Morbid obesity



PCWP ≠ LVEDP in some cases
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Exercise hemodynamics
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Take Home Points: 5 Lessons
1. PH is common, but most often due to left heart 

disease: selective pulmonary vasodilators are 
not proven in these patients

2. PAH is rare but deadly: outcomes have 
improved but diagnosis must be made earlier

3. Know the PH clinical clues in the dyspneic
patient

4. Look beyond PA pressure to the RV to evaluate 
size/function 

5. Definitive diagnosis of PH requires heart cath
but don’t forget to integrate echo findings



thank you! 
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