Jtgcor
Y9y

=
S

Hemodynamic of PH
: S XArE

g 3 g
o B R B B
D ST QoI ST AR I




ig JrE i

9Yegnyd
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‘

m 1929 — Werner Forssmann
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HISTOR/ GlfNeant:cathetenzation
‘

m 1956 Nobel laureates in Physiology or Medicine

m "for their discoveries concerning heart
catheterization and pathological changes in
the circulatory system"

André Frédénc Cournand B= United States

1956 Werner Forssmann B \\/ect Germany

Dickinson W. Richards = United States




HIStery offheart:catheterization

® 1964 Ronald Bradley

- First person to describe the use of a pulmonary-artery
catheter in man

- Miniature catheter (extreamly narrow portex catheter
(0.63mm diam)) having no balloon

m 1970 Jeremy Swan & William Ganz
- Balloon floatation catheter

- Ballon tip was a modification of the simple portex tubing
method developed by Bradley
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Definition

m Cardiac catheterization implies the insertion of flexible
tube into one or more heart chambers usually under
fluoroscopic guide for diagnostic or therapeutic purpose

Balloon inflation valve
Balloon inflation syringe Distal PA lumen hub
/ VIP lumen hub
. " Proximal injectate lumen hub



= JrEgiotul

=— Bk e bk k|

Indications

m Diagnostic

- Evaluation of pulmonary hypertension
- Differentiation of variation etiologies of shock and pulmonary edema

- Differentiation of pericardial tamponade from constrictive pericarditis
and restrictive cardiomyopathy

- Diagnosis of left to right intracardiac shunts

® Therapeutic

- Guide to fluid management and hemodynamic monitoring of
patients after surgery, complicated myocardial infarction, patients in
shock, heart failure, etc.
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Characteristic intracardiac pressure
waveforms during passage through the

EH B

heart

1 40 mmHg

+ 20 mmHg




NormallRange
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RA (orr CVP)

RV

PA

PAWP

LV

Aorta

Normal Value | Mean Saturation
(mmHQ) Pressure
(mmHQ)
0-5 75%
25/5 75%
25/10 10-20 75%
7-12 95-100%
120/10 95-100%

120/80 95-100%
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Cardiac: @utput

m Fick Method

- Fick cardiac output

= (oxygen consumption) / (10 x arteriovenous oxygen difference)

- Oxygen consumption is either measured by exhaled breath
analysis or estimated from a nomogram that is based upon age, sex,
height, and weight.

- Arteriovenous oxygen difference

=1.34 x Hb x (Sa02 — MvO?2)
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Cardiac: @utput

m Indicator Thermodilution Method

- Bolus injection of saline into the proximal port

- Change in temperature is measured by thermistor in the distal
portion of the catheter

- the thermistor records the temperature change over time and can
electronically display a temperature-time curve

- The area under this curve is inversely proportional to the flow rate
In the pulmonary artery, which is determined by the cardiac output of
the left ventricle.



m Fick

- Oxygen consumption is often
estimated by body weight (indirect
method) rather than measured
directly

- Large errors possible with small
differences in saturations and
hemoglobin
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® Thermodilution
- Not accurate in tricuspid
regurgitation

- Overestimated cardiac output at
low output states
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\Vascular Resistance

® Pulmonary Vascular Resistance

= meanPAP-PAWP / Cardiac Output (WU)
m Systemic Vascular Resistance

= meanAP-RAP / Cardiac Output (WU)
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m Qs (systemic flow; L/min)

- Fick cardiac output
= (oxygen consumption) / (10 X arteriovenous oxygen difference)
- Arteriovenous oxygen difference

=1.34 X Hb x (Sa02 - MvO2)
m Qp/Qs (shunt fraction)
= (Sa02 - MvO2) / (PvO2 - PaO2)



Procedure related .complications

PCI patients
without STEMI
(n =787,980)

Diagnostic
catheterization
only patients
without STEMI
(n=1,091,557)

Complications (%)

Any adverse event 4.53 1.35
Cardicgenic shock 0.47 0.24
Heart failure 0.59 0.38
Pericardial tamponade 0.07 0.03
CVA/stroke 0.17 0.17
Percent of total strokes that were 15.6 9.16
hemorrhagic
New requirement for dialysis 0.19 0.14
In-hospital mortality
Non-risk-adjusted 0.65 0.72
MNon-risk-adjusted excluding CABG patients 0.62 0.60

J Am Coll Cardiol 2012;60:2017.
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Diagnoesis algonthm 2015 ESC/ERS GUIdE

Symptoms, signs, history Consider other

Interm?glzate or causes and/or Dlagngse
Echocardiographic probability of PH follow-up PH
Consider LHD and lung diseases by symptoms, signs, risk
factors, ECG, PFT+, DL chest radiograph and HRCT, arterial
blood gases
Treat underlying . Yes i ; Yes Signs of severe
disease No signs of severe D|ag|1n05|csj_of LHD or PH/RV Exclude
PH/RV dysfunction iy ClEEtS dysfunction
confirmed? Yy Groups 2, 3 and 4
No
V/Q scan CTEPH possible: CT pulmonary
Mismatched perfusion defects? angiography, RHC +/- Pulmonary
NO Angiography
Yes
Confirm

Consider other RHC: mPAP 225 mmHg;

causes " PAWP < 15 mmHg; PVR > 3 Wood units Group 1 PAH (or
© Group 5)*
PAH likely
HD

Specific diagnostic tests
el L, Characterize PAH

type

Drugs - toxins

(@]
_'
O

Schistosomiasis

Heritable Idiopathic

PVOD/PCH PVOD/PCH Idiopathic PAH Heritable PAH

Adapted from Galié et al. Eur Heart J. 2016 Jan 1;37(1):67-119
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Diagnosticappreach torPAEHTGth WSPH

Assess probability of PH |I

Echocardiographic probability

of PH#

Low

Identify high-risk Fast-track referral of

v

-

patients selected patients

Diagnose common

causes of PH V/Q scan abnormal

Diagnose rare causes of PH

High or intermediate

)

Consider other
causes and/or
follow-up

Consider ¥/Q scan to
screen for CTEPH+*

)

Consider left heart
disease [assess pre-test
probability) and lung
disease’

y

No clinically significant
left heart disease or

lung disease

!

Refer to PH expert
centref

Management at
PH expert centre

CTEPH diagnostic
algorithm

PH not
confirmed

PH not
confirmed

PH confirmed

CTEPH not confirmed

Monitor and
reassess

CTEPH confirmed

Frost et al. Eur Respir J. 2019 Jan 24;53(1):1801904
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e rele oifechocardiograpny in:PH

m Key screening and diagnostic tool for detecting pre-clinical stage of PAH

®m Rules out secondary causes of pulmonary hypertension

m Prognostic information

m Useful as a monitor for therapeutic interventions

Gaile N, et al. Eur heart J. 2016;37:67-119
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heroeleoffechocardiograpny

~ 2020 Korean PH GUIGEINES
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Medical history
Exam

Chest X-ray
Electrocardiogram
Echocardiogram
V/Q scan

PFTs
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Overnight oximetry

HIV test

ANA

LFTs

Functional test (eg, 6MWT)

Right heart catheterization

Frost et al. Eur Respir J. 2019 Jan 24;53(1):1801904



Echocardiographic pronability o PH

NI Ssymplomatic patients
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Ritfalls in the estimation ofi SPAP

Py Echoecardiograpny

= Estimation of RA pressure ...
Table 3 Estimation of RA pressure on the basis of IVC diameter and collapse

Variable Normal (0-5 [3] mm Hg) Intermediate (5-10 [8] mm Hg) High (15 mm Hg)
IVC diameter =2.1cm =2.1cm =2.1 cm =2.1cm
Collapse with sniff >50% <50% >50% =50%
Secondary indices of elevated RA pressure » Restrictive filling

« Tricuspid E/E' = 6
» Diastolic flow predominance in hepatic
veins (systolic filling fraction < 55%)

= No TR...
= RVOT obstruction / pulmonary stenosis

= Bad alignment

Rudski LG, et al. J Am Soc Echocardiogr 2010;23:685-713



mPAP

mean pulmonary
arterial pressure

PVR

pulmonary vascular
resistance

PAWP

pulmonary artery
wedge pressure
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Normal range! PAH definition?

> 20 mmHg (6t WSPH recommendation)

Normal range! PAH definition?

Normal range! PAH definition2”

< 15 mmHg

* The presence of pre-capillary PH is characterized by PAWP < 15 mmHg with an mPAP = 25 mmHg?2.
mPAP: mean pulmonary arterial pressure; PAWP: pulmonary artery wedge pressure; PH: pulmonary hypertension; PVR: pulmonary vascular resistance; RHC: right heart catheterization; WU: Wood units.
1. Rosenkranz S and Preston IR. Eur Respir Rev 2015; 24:642-52; 2. Galieé N, et al. Eur Heart ] 2016; 37:67-119. S

Gaile N, et al. Eur heart J. 2016;37:67-119
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PAHShouldie confinmed
Y RIght Heart*Cathetenzation (RHE

RHC is suggested by 2015 ESC/ERS Guidelines as a gold
standard of diagnostic tool for PAH

Gaile N, et al. Eur heart J. 2016;37:67-119



Confirmatien by RHE
~ 2045 ESC/ERS GUIdElINES VS Gth WSkis

2015 ESC/ERS Guidelines

Confirmation of PAH:?

mPAP = 25 mmHg (normal < 20 mmHQq)

Normal PAWP (< 15 mmHQg)
Increased PVR (> 3 Wood units)

Other findings:

Increased right atrial pressure

— normal right atrial pressure 2—7 mmHg
Normal/decreased cardiac output

— normal cardiac output 4-8 liters/minute
Decreased cardiac index

— normal cardiac index 2.5—4.0 liters/min/m?2

JrEe oot
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6th WSPH

Confirmation of PAH:2

mMPAP > 20 mmHqg (normal < 20 mmHQ)
Normal PAWP (< 15 mmHg)
Increased PVR (2 3 Wood units)

Other findings:

Increased right atrial pressure

—  normal right atrial pressure 2—7 mmHg
Normal/decreased cardiac output

—  normal cardiac output 4-8 liters/minute
Decreased cardiac index

- normal cardiac index 2.5—4.0 liters/min/m?2

1. Galié et al. Eur Heart J. 2016 Jan 1;37(1):67-119; 2. Frost et al. Eur Respir J. 2019 Jan 24;53(1):1801904
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RiSkiassessmentiin PAH

Determinants of Low risk < 5% Intermediate risk 5- High risk > 10%
prognosis? 10%

CI_|n|caI signs of right heart Absent Absent Present
failure
Progression of symptoms \[o] Slow Rapid
Syncope No Occasional syncope® Repeated syncope®
WHO functional class I, 1 1 \Y,
6MWD > 440 m 165-440 m <165m
Peak VO, Peak VO, Peak VO,
Cardiopulmonary exercise > 15 ml/min/kg 11-15 ml/min/kg < 11 ml/min/kg
testing (> 65% pred.) (35-65% pred.) (< 35% pred.)
VE/VCO, slope < 36 VE/VCO, slope 36-44.9 VE/VCO, 245

: BNP < 50 ngl/l BNP 50-300 ng/l BNP > 300 ng/l

NT-proBNP plasma levels NT-proBNP < 300 ng/ml NT-proBNP 300-1400 ng/! NT-proBNP > 1400 ng/l

RA area 18-26 cm?
No or minimal, pericardial
effusion

RAP < 8 mmHg RAP 8-14 mmHg RAP > 14 mmHg
Haemodynamics Cl 2 2.5 I/min/m? Cl 2.0-2.4 l/min/m? Cl < 2.0 I/min/m?
SvVO, > 65% SvO, 60-65% SvVO, < 60%

agstimated 1-year mortality. "Occasional syncope during brisk or heavy exercise, or occasional orthostatic syncope in an otherwise stable
patient. ‘Repeated episodes of syncope, even with little or regular physical activity.

RA area > 26 cm?2
Pericardial effusion

Imaging (echocardiography, RA area < 18 cm?
CMR imaging) No pericardial effusion

Gaile N, et al. Eur heart J. 2016;37:67-119
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Suggestedieliow-tpplantior PAH patien

Every 6-12 SFOREEE | (oo co e

r changes in .
months? g | worsening
therapy?

At baseline

Medical assessment and det

ermination of WHO FC * * * + +
Electrocardiogram + + + + +
6MWT/Borg dyspnea score + + + + +
Cardiopulmon.ary exercise t . . 4b
esting
Echocardiography + + + +
Basic lab + + + + +
Extended lab + + +
Blood gas analysis + + + +
Right heart catheterization + +¢ +b +b

aIntervals to be adjusted according to patient needs.
bShould be considered; °Some centers perform RHCs at regular intervals during follow-up

Gaile N, et al. Eur heart J. 2016;37:67-119
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M/ 81
C.C : exertional dyspnea

o
o

P.I : 2O A Rt inguinal hernia &= 0HS=Z
H
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159.5 cm 54.2 kg
BP: 138/76 mmHg 65 bpm
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14 fps / 150 mm
65 bpm / Gen Flow

H4.0MHz / 20 dB
DR: 55 dB
---Color---

CDV / 2.0MHz
-5 dB

0.77 m/s

1 TRVmax = 4.71 m/s

TR Peak Grad = 88.7 mmHg

L
0.77 m/s
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Ri-hearnt: catheterization
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Ri-hearnt: catheterization

e Cardiac Output 3.13 L/min
e CO Index 2.01 L/min/m2
- PVR 2.23 WU

« SVR 27.8 WU

« Qp/Qs 1.29
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e Moderate PS
e ASD
e No pulmonary hypertension
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