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When using echo to evaluate for PH,
the PA systolic pressure is the
last thing you should look at!

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
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What | look for on the echo in PH

e Left heart disease causes of PH

* RV size and function function:
v' RV size (RV basal diameter) and RV wall thickness
v RV systolic function (RV s’ velocity, TAPSE, global RV function)
v’ Septal flattening: systole, diastole, both?

* Pericardial effusion
* Bubble study to look for intracardiac shunt

What | 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
* Pulmonary arterial vs. venous hypertension (PAH vs. PVH):
v Notching in PW Doppler tracing of RV outflow?
v LA/RA size ratio? Does the interatrial septum bow to left or right?
v’ Lateral e’ velocity, lateral E/e’ ratio? Grade of diastolic function?




pulmonary microcirculation

Definitions of PH

* A hemodynamic and pathophysiologic condition
* Pulmonary hypertension: not a disease itself
* Pulmonary arterial hypertension: a disease of the

Classification of PH
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Maron B, et al. Am J Resp Crit Care Med 2021
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Lesson #1:
PH is common
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PH in the community

All Participants No Cardiopulmonary Disease
(N=1413) (N=778)
Overall Log Rank p<0.001 Overall Log Rank p=0.002

PASP quintile
1:15-23 mm Hg
2:24-25 mm Hg
e 3:26-29 mm Hg

4:30-32 mm Hg* 2:24-28 mm Hg
5:34-66 mm Hg* === 3:28-43 mm Hg*

PASP tertile
1:15-24 mm Hg

Cumulative survival
Cumulative survival

T T T T
2 4 2 4
Time (yr) Time (yr)

| Up to 20% of the US population has echo evidence of PH

Lam CSP et al. Circulation 2009

PH due to left heart disease

* Most common cause of PH:
v' 80% of HFpEF: elevated PA systolic pressure on echo
 Associated with high morbidity + mortality
* Hemodynamic classification has been debated:
v’ |Isolated post-capillary PH (IpcPH):
— DPG (PADP-PCWP) < 7 mmHg and PVR < 3 WU
v' Combined pre-post capillary PH (CpcPH):
— DPG =7 mmHg or PVR >3 WU
* No approved therapies

Lam CS, et al. JACC 2009; Rosenkranz S, et al. Eur Heart J 2016
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Lesson #2:
WHO Group | PAH is rare but deadly—
make the diagnosis early when it is
treatable

Schematic progression of PAH

Presymptomatic/ Symptomatic/ Declining/
Compensated Decompensating Decompensated

Symptom Threshold g

CO= TPG
PVR

Right Heart
sfuncti o
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Lesson #3:
Know the clinical clues for PH
in the dyspneic patient

Is there a reason to suspect PAH?

* Risk factors:
v" Family history
v’ Connective tissue disease
v’ Congenital heart disease
v’ Portal hypertension—liver transplant candidate
v’ Environmental/drug factors
v' HIV
v’ Lung disease / OSA
v’ Chronic PE
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Is there a reason to suspect PAH?

* Clinical presentation:

Exam (PH) Exam (RV Failure)

Dyspnea (86%) Loud P2 (listen at apex) JVD; increased A
Fatigue (27%) RV lift (left parasternal wave, V wave,
Chest pain (22%) — fingertips) hepatc.uug.ular reflex
Edema (22%) RV S3, S4 Pulsatile liver

Syncope (17%) Systolic murmur (TR; Hepatomegaly
Dizziness (15%) fwith inspiration) Edema

Cough (14%) Diastolic murmur (PR) Ascites

oo Low BP, low PP,
| pitetionSgAg) cool extremities

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

Is there a reason to suspect PAH?

e ECG < Right axis deviation RVH RV strain pattern

Right
atrial
enlargement

10
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Is there a reason to suspect PAH?

RV enlargement
into retrosternal

clear space

3 Peripheral hypo-
vascularity (pruning)

| Prominent central
pulmonary artery

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

Lesson #3:
PA systolic pressure is the last thing
you should look at on echo
when evaluating for PH

11
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PA systolic pressure: echo vs. invasive

N=160 consecutive
patients with
known or
suspected PH

High correlation
(r=0.7, p<0.001)

Difference between DE and RHC (mmHg)

But...poor
agreement

) 80 100 120
Average of DE and RHC (mmHg)

Rich J, Shah SJ, et al. Chest 2010

Problems with Doppler PASP

Ultrasound / Doppler:

v Poor acoustic windows

v’ Inter-observer variability (under- and over-measured)
v Poor Doppler beam alignment

Bernoulli:

v’ Viscosity (affected by RBC deformity, anemia, hypoxemia)
v Pressure-recovery phenomenon

Other causes of elevated PASP besides elevated PVR

v’ Elevated left atrial pressure

v’ Elevated cardiac output

v’ Elevated systemic blood pressure

Shah SJ. JAMA 2012




1/14/22

“Psychoanalytic view” of the RV

“Psychoanalytic view” of the RV

.

~

8 LV: “narcissistic
S personality disorder” | -

RV: “passive- i
aggressive”
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Bicycle stress echocardiography in a
68-year-old woman with PAH

STAGE 3

Baseline (rest) Peak (45W)

Tricuspid annular plane systolic excursion (TAPSE):
Increases with exercise

STAGE 3
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RV free wall peak tissue Doppler S’ velocity:
Increases with exercise
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RV free wall peak strain (local deformation):
Decreases with exercise on speckle-tracking echo

-14%

Baseline (rest) Peak (45W)

ONLY SPECKLE-TRACKING STRAIN IMAGING SHOWS TRUE
DECREASE IN RV SYSTOLIC FUNCTION WITH EXERCISE

S
] g A | g‘,/ 4 AN

1/14/22




RV longitudinal strain (%)

RV free wall strain and PVR

0 0.5 1 15 2 25 3 3.5
Pulmonary vascular resistance (WU)

Morris DA, et al.
JASE 2011
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Change in absolute RV strain (%): rest to 15W

Mitter S... Shah SJ. JASE 2015 (abstract)
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PVR decrease ! PVR increase
with exercise : with exercise
-15+
R = -0.80, P = 0.005 :

6 4 2 0 2
Change in PVR (Wood units): rest to 15W

32
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During exercise: inability to
S vasodilate pulmonary vasculature =
worse RV mechanics

-101

PVR increase
with exercise 0

PVR decrease

R =-0.80, P = 0.005 with exercise

-15- P=0.019 after adjustment
for age, sex, NYHA class

Change in absolute RV strain (%): rest to 15W

6 4 2 0 2
Change in PVR (Wood units): rest to 15W

33

ARV free wall strain (%-units) S \oWe I at=Ie=Islol=-R N E I L[2]=
Baseline to 15W exercise .
RV strain, APVR or AZ,

between PAH subtypes

* More intrinsic RV
dysfunction in
scleroderma, unmasked
by exercise speckle-
tracking echo

Mitter S... Shah SJ. JASE 2015 (abstract)
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PAH vs. PVH: Practical tips on echo

Normal LVEF + 7PASP?
Think PVH (HFpEF) until
proven otherwise

Normal LVEF + 7?PASP?
Think PVH (HFpEF) until
proven otherwise

Left atrial enlargement
// (LA size > RA size)

1/14/22
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PAH vs. PVH: Practical tips on echo

Normal LVEF + 7PASP?
Think PVH (HFpEF) until
proven otherwise

Interatrial septum bows
from left to right

PAH vs. PVH: Practical tips on echo

Normal LVEF + 7?PASP?
Think PVH (HFpEF) until
proven otherwise

Grade 2+ diastolic
dysfunction (17E/A ratio)




PAH vs. PVH: Practical tips on echo

Normal LVEF + 7PASP?
I Think PVH (HFpEF) until
proven otherwise

Decreased lateral e’
Elevated lateral E/e’

RVOT notching: sign of 11PVR

M3

RVOT notching:
N=293 HFpEF pts
77%: no notching

6%: mid-systolic notch
3%: late-systolic notch
14%: uninterpretable

Notching associated
with 7PVR, 7DPG
(7PADP-PCWP)
(P<0.01)

1/14/22
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Estimation of PVR on echo

PVR = (mPAP-PCWP)/CO

Total pulmonary resistance = mPAP/CO

PVRecho = [10 x (V1r/VTlgyor)] + 0.16

Works well at identifying elevated PVR

Underestimates PVR;,asive at very high PVR
Overestimates PVR;asive iN patients with elevated PCWP
Really a measure of TPR: total pulmonary resistance

Abbas AE, et al. J Am Coll Cardiol 2003; Farzaneh-Far R, Am J Cardiol 2008
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Echo PVR =10 x (Vtr/VTlrvor) + 0.16
Echo PVR = 10%*(4/8.3) +0.16 = 5 WU

Note: Vir in m/s and VTlgryot in cmM

Vir/VTlgyor > 0.18 ~PVR > 2 WU
(sensitivity 77%, specificity 81%)

1/14/22
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PW Doppler of RVOT outflow notching

Sign of severe PA stiffness
TPVR

Arkles, et al. Am J Resp Crit Care Med 2011

Lesson #5:
Definitive diagnosis of PH requires
invasive hemodynamic testing...
done correctly!

23
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Importance of invasive hemodynamics

TPVR T PCWP
{1t PADP-PCWP PH 4+LVEDP

- PAH (Group 1
/ Hypo&ic?tt?lg)(Group 2) PADP~PCWP

» CTEPH (Group 4) * Left heart disease
*  Pulmonary venous

PAH PVH / obstruction

ﬁ(FZO —> tPBF

* Thyrotoxicosis
* Anemia
* Pregnancy

Respiratory variation in PCWP

PW 65

dJ e

114/61
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Respiratory variation in PCWP
PW

65 ¥
wL/\jl WL/‘MM\MW

End-expiratory
4~ PCWP =

27 mmHg

Lung disease
Morbid obesity
[14/61

PCWP vs. LVEDP

STIFF LV, COMPENSATED LA STIFF LV + LA FAILURE

LVEDP

LVEDP
measurement
point

N

Reddy Y...Nishimura R. JAMA Cardiol 2018
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Did you get the true PCWP?

: Balloon occlusion

Pressure (mmHg)

Time (s)

Souza R, et al. Crit Care 2005

What about the fluid status?

Occult PVH in patients with PAH at rest

204
& 3 3 PCWP > 15 mmHg
;G (n=9)

-
o
i

- aman
iﬁ*—-{_—l PCWP < 15 mmHg
101 (n=8)

54 Pinteraction <0.01

PCWP (mmHg)

0 100 200 300 400 500 600
Fluid challenge (ml)

Qosterveer FPT, et al. Eur Respir J 2013

52

Predictors of occult PVH after fluid challenge in
patients with PAH at rest (multivariable analysis)

Variables OR 95% Cl PValue
Age 1.030 1.001-1.060 0.046
HTN 2.337 1.106-4.938 0.026
BMI 1.057 1.005-1.113 0.032
LVH 1.910 0.830-4.395 0.113

Robbins IM, et al. Circ Heart Fail 2014

1/14/22
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Parameter PAH PVH

5

May be
enlarged

LA size Small Large

RV size Enlarged

0.5

EIA
Lateral Efe’
vi3

2/3 lesere

v

Normal
(LA > RA size)
Interatrial Bows from Bows from
septum right to left left to right

0z

RA/LA size ratio Increased

RVOT notching Common Rare
E/A ratio <<1 >1

Lateral e’ Normal Decreased
%

i
N
§
Lateral Ele’ <8 > 10 o } -
Aortic pressure Normal/Low Normal/High *”"

PCWP <15 mmHg > 15 mmHg < 5

. == Z PADP-PCWP > 7 mmHg <5 mmHg \_‘

PULMONARY PULMONARY
ARTERIAL VENOUS

HYPERTENSION HYPERTENSION

MPAP = 60 mmHg, PCWP =10 mmHg, CO = 4 Limin MPAP = 60 mmHg, PCWP =24 mmHg, CO = 4 Limin mPAP = 48 mmHg, PCWP = 38 mmHg, CO =4 Limin
PADP-PCWP = 28 mmHg, PVR =12.5 WU PADP-PCWP = 12 mmHg, PVR =9 WU PADP-PCWP = 0 mmHg, PVR =2.5 WU

100 00
MM

Pre-capillary PH Combined pre- and post-capillary PH Post-capillary PH
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40

Pressure (mm Hg)
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Py
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20 20
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8
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McLaughlin VV, Shah SJ, et al. JACC 2015

Exercise invasive hemodynamics

B Typical
50 PH-HFpEF
40

30

20

Pressure (mmHg)

5 6 7 8
Cardiac output (L/min)
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Exercise invasive hemodynamics

50
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40 borderline
3 HFpEF
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Take home points

* PH is common, but most often due to left heart disease

* PAH is rare but deadly: outcomes have improved but
diagnosis must be made as early as possible

* Know the PH clinical clues in the dyspneic patient

* Look beyond PA pressure to the health of the RV, and
know the other echo signs of PH (and PAH vs. PVH)

* Definitive diagnosis of PH requires invasive
hemodynamics, but don’t forget to integrate the echo
findings!
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