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Approach

Approach Advantages Disadvantages
Jugular Easy and safe Miss PFO

Cannot perform left heart cath if
need

_ Can approach PFO More difficult rich PA and PAWP
_ Can perform left heart cath if need Bed rest for some time

Any large systemic vein may be used: cephalic, basilic, subclavian



Guidelines for Performing Ultrasound Guided Vascular
Cannulation: Recommendations of the American
Society of Echocardiography and the Society of

Cardiovascular An esthesiclogists

J Am Soc Echocardiogr 2011;24:1291-318

' Lateral

right carotid .
artery right internal
jugularvein

~—— "
Patient’s i Patient’s
left side 5 [ % right side

i

O =RLJV = right carotid artery

Figure 7 Variable overlap between CA and |J vein. RIJV, Right |J

vein. Adapted from J Vasc Interv Radiol #*

It is the recommendation of the council that individuals gain the requisite knowledge, develop the
required dexterity, and perform 10 ultrasound-guided vascular access procedures under
supervision to demonstrate competence to independently practice this technique.
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ACCF/AHA 2009 Expert Consensus Document on
Pulmonary Hypertension
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Table 6. Essential Components of Invasive Hemodynamic
Assessment

CHD Oxygen saturations (SVC, IVC, RV, PA, SA)
Right atrial pressure : prognosis
Right ventricular pressure
Pulmonary artery pressure, systolic, diastolic, mean

. . Pulmonary arterial wedge pressure, left attialsressure, or«€mt ventricular
dlagn05|s end-diaystolic pressurg i "

Cardiac output/index

Pulmonary vascular resistance

Systemic blood pressure

Heart rate

Response to acute vasodilator therapy

IVC indicates inferior vena cava; PA, pulmonary artery; RA, right atrium; RV,
right ventricle; SA, systemic artery; and SVC, superior vena cava.




Cardiac output: thermodilution
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Lower temperature reduction... higher cardiac output.



Cardiac output (CO) by Fick principle

The Fick method (described by Adolph Fick in 1870) for measuring pulmonary blood
flow:

In the absence of a significant intracardiac shunt, the pulmonary and systemic blood
flows are equal.

Fick equation:

Adolph Fick (1829-1901 - - -
S CO (L/min) _ O, consumption (mL/min)

TS A arterio-venous O,

QP (L/min) _ 0, consumption (mL/min)
Pulmonary vein O, - Pulmonary artery O,



2015 ESC/ERS Guidelines for the diagnosis

and treatment of pulmonary hypertension

Recommendations for vasoreactivity testing

+

Idiopathic, hereditary and anorexigen-related PAH

Epoprostenol 2—12 ng/kg/min 2 ng/kg/min 10 min

Adenosine i.v. 5-10 sec 50-350 pg/kg/min 50 pg/kg/min 2 min

lloprost 30 min 5-20 pg 15 min

A positive response to vasoreactivity
testing is defined as a reduction of mean

PAP =10 mmHg to reach an absolute
value of mean PAP <40 mmHg with an
increased or unchanged cardiac output

High dose CCB



Survival in IPAH with CCB

Long-Term Response to Calcium Channel Blockers in
Idiopathic Pulmonary Arterial Hypertension

Olivier Sitbon, MD; Marc Humhul \ID PhD \'-1\ ier Jais, MD; Vincent loos, MD:
Abdul M. Hamid, MD: Steeve Pro r, V & ., MD: Florence Parent, MD:

Circulation 2005;111:3105-3111

Long-term CCB responders

Cumulative Survival

Long-term CCB failure

8 10 12 14 16 18
(Years)

Conclusions—ILong-term CCB responders represent <<10% of IPAH patients evaluated in a pulmonary vascular referral
center. During acute vasodilator testing, these patients showed significantly lower levels of both mean PAP and PVR,
which reached near-normal values. (Circulation. 2005;111:3105-3111.)



Additional use of “vasoreactivity testing
Prognosis in CHD-PAH
Pulmonary vasoreactivity predicts long-term outcome 100 =
in patients with Eisenmenger syndrome receiving STCCITE : _ .
bosentan therapy = I e : APVRi = 25%
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“Pulmonary vasoreactivity” is a significant predictor of clinical worsening in CHD-PAH



Additional use of “vasoreactivity testing”

To close or not to close an ASD?

High Qp:Qs,
S:‘ILS"I!)tsPDA failure to thrive,
’ 2 ) oxygen saturation > 95%,
only left to right shunting

| —

Operable Catheterization

! PVRI < 6 WU » m? Grey zone: PVRi > 8 WU » m?
and PVR/SVR <0.3 PVRi 6 - 8 WU » m? PVR/SVR > 0.5

PVR/SVR 0.3 - 0.5 \

v
AVT necessary
Operation (shunt closure). - AVT* - AVT*
Standard PH management.
Advanced PH management. | -» | Targeted PH therapy

Repeat cardiac catheterization

pre-OP when PVRI

was > 8 WU-m2. Operation
in most cases, consider

patch fenestration.

Consider:
Age,
size and type of lesion,
associated syndromes

[ +avT

* Positive AVT pre OP, i.e. with INO and supplemental oxygen,
PVRi decreases < 6 WU * m? and PVR/SVR ratio < 0.3 Zoille b )

Hansmann G, et al. J Heart Lung Transplant 2019;38:879-901




Additional use of “vasoreactivity testing”

Decision making for heart transplantation

The 2016 International Society for Heart Lung W) e
Transplantation listing criteria for heart
transplantation: A 10-year update

Mandeep R. Mehra, MD (Chair), Charles E. Canter, MD,

Margaret M. Hannan, MD, Marc J. Semigran, MD, Patricia A. Uber, PharmD,
David A. Baran, MD, Lara Danziger-Isakov, MD, MPH, James K. Kirklin, MD,
Richard Kirk, MD, Sudhir S. Kushwaha, MD, Lars H. Lund, MD, PhD,

Luciano Potena, MD, PhD, Heather J. Ross, MD, David 0. Taylor, MD,

Erik A.M. Verschuuren, MD, PhD, Andreas Zuckermann, MD

and on behalf of the International Society for Heart Lung Transplantation (ISHLT)
Infectious Diseases, Pediatric and Heart Failure and Transplantation Councils

J Heart Lung Trans 2018; 35(1);1-28



Additional use of “vasoreactivity testing”

Decision making for heart transplantation

A vasodilator challenge™should be administered when the

pulmonary artery systolic pressure is > 50 mm Hgjand either
thetranspulmonary gradient is > 15for the pulmonary vascular

resistance|(PVR) 1s > 3Wood units yvhile maintaining a systolic

arterial blood pressure > 85 mm Hg (Class I, Level of

Evidence: C). When an acute vasodilator challenge is unsuccessful,
hospitalization with continuous hemodynamic monitoring
should be performed, as often the PVR will decline after 24 to

48 hours of treatment consisting of diuretics, inotropes and
vasoactive agents such as inhaled nitric oxide (Class I, Level

of Evidence: C). If medical therapy fails to achieve acceptable hemodynamics,
and if the left ventricle cannot be effectively unloaded with
mechanical adjuncts, including an intra-aortic balloon pump
(IABP) and/or left ventricular assist device (LVAD), it is
_ _ N reasonable to conclude that the pulmonary hypertension is
Intravenous nitrates (or inhaled nitric oxide) oyl b (Class IIb, Level of Evidence: C).




February 27-28 / Mamh |, 2013

Zeroing for RHC

Working group recommendations

We need an international standardization of the

zero level for hemodynamics
The working group recommends setting zero at

the mid-thoracic level
Chosen zero levels should be presented in every

publication reporting hemodynamics in PH




Caveat: zero setting at mid-thoracic level!

+

1 mmHg = 13 mmH,0 = 1.3 cmH,0

~ =10 mmHg = -13 cmH,0
Ideal zero line

®» +10 mmHg = +13 cmH,0




Caveat: exclude very high V wave!

High V wave

Pre C wave (end—diajﬂ'qe)
3~"'—’—-"“-"-__— Mean PAWP

PA

Mean PAWP > end-diastolic PAWP = LVEDP
(possible negative DPG!)



Caveat: avoid PAWP over-estimation

ideal

over-wedge
(PAP vs PAWP)

B over-wedge
(intra-baloon
pressure)

over-wedge
(vessel wall
pressure)

D’Alto M, Heart Fail Clin 2018;14:467-477



Caveat: “difficult” PAWP
trace: true or false?

57 yo male
Moderate mitral valve insufficiency
Suspected pulmonary hypertension

CO-Ossimetro
tHb

O,Hb

'._‘;'(“:Ht‘v

MetHb

HHDb
sOQ




Haemodynamic definition of PH:
certainties and doubts

Fluid challenge (Hidden post-capillary)
—>

Pre-capillary 13 15 18 Post-capillary

L4

“typical “atypical™ PAH
PAH (comorbidities)

PAWP (mmHgQ)

>

Courtesy S. Rosenkranz, modified



Change in PAWP under saline loading

PH-LHD

No PH
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7% of those previously diagnosed with PAH had PAWP > 18mmHg after fluid bolus

D'Alto M et al. CHEST 2017; 151(1):119-126

6t WSPH, Nice 2018



TF 9 Proposal for fluid loading test

* A PAWP < 15 mmHg continues to define pre-capillary PH

probability of PH HFpEF, a fluid loading challenge should be considered
with 500 ml of saline over 5 minutes

\ abnormal

(. In patients with a PAWP between 13 and 15 mmHg and high/intermediate\

* A PAWP of > 18 mmHg immediately after fluid administration is considered

v,

» However, how this should impact management is unknown

 If PAH specific therapies are initiated in patients with “abnormal”
response, caution should be exercised, including close monitoring of
response and side effects

6t WSPH, Nice 2018



(.nmphgatmns of Right Heart
Catheterization Proc cdurca in Patients With
Pulmonary Hypertension in Experienced Centers

I\v['Ll‘lLl\- \I Hoeper, MD,* Stephen H. Lee, MD,} Robert Voswinckel, MD,# I\hqamuhlnw Palazzini, MD,§
AD,|| Alessandro Marinelli, MD,§ Robyn T B ),9 Hossein A. Ghofi
ing, MD,|| Christian (._)pltz MD # H: C eyfarth, MD* Michael He
E 1112;}1]_1[1 MD, ,+% Ronald J. Oudiz, M ;S rert, MD Jlll Heinrike W 1].Len I\ID 1111
Stefan Kluge, MD,## Hinrich-Cordt Bremer, I\ID “+ Eva Baro ke,* Lewis J. Rubin, MD+ J Am CO” Cardio| 2006,482546 -52

5-year retrospective and 6-month prospective evaluation of SAE related
to RHC in patients with PH (total 7,218 RHC).

The most frequent complications were related to venous access (e.g.,
hematoma, pneumothorax), followed by arrhythmias.

Four fatal events were recorded, resulting in an overall procedure-related
mortality of 0.055% (1/1,805 RHC).



Conclusions

_I_

s The gold standard for the evaluation of the functional state of the
pulmonary circulation is a right heart catheterization

m Pulmonary vascular pressures and flow measurements should be done
by expert physicians (not only cath placement but also waveform
interpretation and understanding pathophysiology).

m RHC is an essential tool for diagnosis and follow-up but it is a part
of a complex diagnostic algorithm.

m A deep knowledge of the disease is a key point in RHC execution
and interpretation.

s RHC is a safe procedure in the expert centers.



