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RV is not the innocent
bystander
• Ventriculo-arterial
coupling
–

–

RV pumps as much
blood at a rate that
the pulmonary
vasculature can
accept
Contractility and
compliance are
balanced
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Ventriculo-arterial coupling
• Uncoupling leads to Right heart failure
and symptoms of pulmonary heart
disease
• Primary RV failure
• Changes in pulmonary vascular
compliance
• Or both

WHO classification PHTN
• Group 1 – Pulm arterial HTN (PAH)
–
–
–
–
–
–

Familial
Toxins/Drugs
CTD – scleroderma
HIV, schistosomiasis
Portal HTN
Congenital Disease
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WHO classification cont
• Group 2 – due to Left Heart Disease
• Group 3 – due to Lung disease, hypoxia
–

Includes COPD and ILD but also high
altitude and OSA, hypoventilation

• Group 4 – CTEPH
• Group 5 – unclear mechanism
–

Chronic hemolytic anemia, sarcoidosis

From: Relevant Issues in the Pathology and Pathobiology of Pulmonary
Hypertension!
J Am Coll Cardiol. 2013;62(25_S). doi:10.1016/j.jacc.2013.10.025"

Figure Legend:!
Proposed Multifactorial Factors Influencing Progression of Pulmonary Hypertension"
In a suitable genetic background, the interplay of epigenetics and pathobiological injurious events may amplify the severity of the disease, often
associated with more pronounced remodeling and worse clinical outcome."
"
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From: Right Heart Adaptation to Pulmonary Arterial Hypertension: Physiology
and Pathobiology!

J Am Coll Cardiol. 2013;62(25_S). doi:10.1016/j.jacc.2013.10.027"

Figure Legend:!
Pathophysiology of RV Dysfunction in PAH"
Increased right ventricular (RV) wall stress, neurohormonal activation, inflammation, and altered bioenergetics contribute to RV remodeling in
pulmonary arterial hypertension (PAH). Adaptive remodeling is associated with minimally altered ventriculoarterial coupling. Progressive RV
dilation with maladaptive remodeling further contributes to RV stress."
"
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From: Right Heart Adaptation to Pulmonary Arterial Hypertension: Physiology
and Pathobiology!
J Am Coll Cardiol. 2013;62(25_S). doi:10.1016/j.jacc.2013.10.027"

Figure Legend:!
Describing Right Ventricular Function"
(A) Pressure-volume relation, illustrating the concepts of ventricular elastance (Ees), arterial elastance (Ea), and the maximal isovolumic
pressure used to estimate single-beat Ees. (B) Pump function graph, illustrating that when baseline pulmonary vascular resistance (PVR) is
high, a decrease in PVR mainly causes an increase in stroke volume, while at lower baseline PVR, pressure is more affected."
"
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Ventriculo-arterial coupling
RV keeping up

RV dysfunction

Assessment of Right Heart
Function
• Size and wall thickness
–

Interventricular Dependence

• Contractility
–
–

Fractional area change
TAPSE and tissue Doppler

• PA systolic pressure
• Pulmonary vascular resistance
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RV focused apical view
• Diameter
–
–

Basal 33 (>42 abnl)
Mid 27 (>35 abnl)

• Long axis
–

71 (> 86 abnl)

• Indexing to BSA
may be relevant but
no standards

Other things can make the
right heart look abnormal
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Ventricular interdepedence
due to pericardial constraint

RV contractility – fractional
area change (<35% abnormal)

Other measures of contractility
Normal Systolic wave

Abnormal s’ (<9.5 abnl)
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TAPSE
Incorrectly measured
1.4 cm

More correctly measured
0.8 cm (<1.7 abnormal)

Contrast for endocardial
border definition
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PA systolic pressure
• PASP = 4 v2 + RAP
• RAP =
•
•
•
•

Nl RA size, IVC complete collapse - 3 mm Hg
Either or = 8 mm Hg
RA large, IVC collapse < 50% - 15 mm Hg
No IVC collapse - 20 mm Hg

Pulmonary Artery Systolic
Pressure
Measured incorrectly

Measured more correctly

IVC with sniff
RA pressure = 3 mm Hg

RA pressure = 15 mm Hg
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PA diastolic pressure from PR
jet
End PR velocity
2.5 m/sec
PAD = 25 + RAP

RA volumes
• Single plane measurement as opposed
to LA biplane measurement
• 2D measurement underestimates
compared to 3D
• Women – 21 ±7 ml/m2
• Men – 25 ±7 ml/m2
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Pulse wave RVOT

Mid-systolic notching c/w
elevated PVR
• Acceleration time
shortens as PASP
• ACT >100 msec not
consistent with PHTN
• Late systolic notch –
PVR mildly elevated
• Mid-systolic notch –
PVR severely elevated
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Significance of notching
• Absence suggests normal RV function
• RV dysfunction in the absence of
notching strongly suggests primary RV
dysfunction
• RV dysfunction in the presence of
notching – afterload dependent
mechanism of RV failure

Late systolic closure of PV
Flying W – M-mode sign

PVR by echo
PVR = TR peak velocity x 10 +0.16
TVIRVOT

11

10/1/16

A simple method for noninvasive estimation of pulmonary vascular
resistance!
J Am Coll Cardiol. 2003;41(6):1021-1027. doi:10.1016/S0735-1097(02)02973-X"

Figure Legend:!
Images showing peak tricuspid regurgitant velocity (TRV) and right ventricular outflow time-velocity integral (TVIRVOT) in a patient with normal
pulmonary vascular resistance (PVR). (A) TRV is 2.86 m/s. (B) TVIRVOT is 20.8 cm. The ratio of TRV/TVIRVOT = 2.86/20.8 = 0.1375. PVRECHO =
0.1375 × 10 + 0.16 = 1.53 Woodsunits (WU) . This patientʼs invasive PVR measurement was within 0.4 WU of the echocardiographic value
(PVRCATH = 1.3 WU). PVRECHO = PVR in WU calculated based on the linear regression equation in which a value for PVR in WU was modeled
based on TRV/TVIRVOT. PVRCATH = invasive PVR."
"
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• P = flow x resistance
• Normal PVR < 1.5 Wood units
• PHTN > 3 Wood units
• Echo calculation may be helpful if
–
–

High systolic pressure appears to be due to
increased flow
PASP appears low but due to profound RV
failure

RV Volume overload
• Young age, athletic training, pregnancy
• High output states - cirrhosis
• RV volume loads - ASD, TR, anomalous
pulmonary venous return
–

Severe PR rare

• RV function normal or hyperdynamic
–

TAPSE may be > 2.5 cm

• Stroke volume high
–

PA velocity > 0.8 m/sec
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TR jet pattern in profound RV
failure

Role
of Echo-Doppler
exam? flaw
Doppler
imperfections:
a forgivable
Assignment to diagnostic ‘bins’

Pulmonary (arterial) Hypertension
It’s not about the pressure

Predictors of outcome in PAH
Hemodynamics

echocardiography

Hit the bulls-eye?
pericardial effusion

-Normal
• CI
-Left heart disease/pulmonary venous htn
-high• output,
RAPnormal PVR

Tei index

Doppler: “PASP 77, mPAP
44, wedge 12, CO
-PAH
• PVR
TR severity
3.7, PVR -CTEPH
8.6”
-Other high PVR conditions
• PA sat

TAPSE
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Pulmonary Arterial Hypertension vs
Chronic Thromboembolic Pulmonary Hypertension
Group 1: PAH
• Remodeling, occlusion,
constriction of small
pulmonary arteries

mPAP > 25 mmHg
PAWP < 15
PVR > 3 WU

Group 4: CTEPH
• Incomplete resolution of
initial or recurrent
pulmonary embolism (PE)
• Thrombosis of main,
lobar, or segmental
pulmonary arteries
• High pulmonary vascular
resistance (PVR)
• Remodeling of pulmonary
blood vessels

CTEPH Epidemiology
• CTEPH may develop in 4-5% of PE
survivors
~19,000 cases per year in the US
•

Up to 50% of patients have no history of
symptomatic VTE or confirmed PE

•

First PE-4-5% incidence CTEPH

•

Prior PE-35-40% incidence CTEPH

1. Klok FA et al. Haematologica 2010; 95:970-5
2. Humbert M. Eur Respir Rev 2010; 19 (115): 59–63
3. Kirson NY. Curr Med Res Opin. 2011 Sep; 27 (9): 1763-8 Korkmaz A et al. Clin Appl Thromb Hemost 2012; 18: 281

Case 1
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Case 2

VQ scan: the ‘gatekeeper’ of chronic PE
imaging

• A true negative VQ scan!essentially
rules out CTEPH
• CTA and PA gram imaging should
stem from results of VQ scan
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Treatment Plan
• General measures
• Supportive therapy – anticoagulation,
diuretics, O2
• Referral centers
• Vasoreactivity testing
• Calcium Channel blockers
• Combination drugs
• Lung Transplant

Survival rate of pulmonary hypertension patients in relation to right
ventricular contractile reserve obtained by pulmonary arterial systolic
pressure (PASP) increase during exercise.

Ekkehard Grünig et al. Circulation. 2013;128:2005-2015
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Measuring clinical response
•
•
•
•
•

Exercise capacity
Cardiac Index
RAP
NT-proBNP plasma levels
Echo parameters
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60 yo woman, MCTD, severe
PAH on combination therapy

2 year stable no progression

Conclusions
• Echo important in diagnosis but requires
additional diagnostic procedures
• Elevated PVR vs Pulmonary venous
hypertension can be differentiated
based on LV Doppler and PA pulse
wave Doppler
• Echo important in following response to
therapy
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Thank you for your attention
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