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Diagnostic
 

Work-up
 in Pulmonary

 
Hypertension

Chest x-ray
Pulmonary function tests
Echocardiography
Laboratory evaluation
ECG
Exercise testing
CT
Ventilation-perfusion scan
Angiography
Right heart catheterization
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Hemodynamic Data Obtained
 

with
 Doppler-Echocardiography

Volumetric measurements
–

 
Stroke

 
volume

 
and cardiac

 
output

–
 

Regurgitation
 

volume
 

and fraction
–

 
Pulmonary-systemic

 
flow

 
ratio

 
(Qp/Qs)

Pressure gradients
–

 
Maximal instantaneous

 
gradient

–
 

Mean
 

gradient

Valve area
–

 
Stenotic

 
valve

 
area

–
 

Regurgitant
 

orifice
 

area

Intracardiac pressures
–

 
Pulmonary

 
artery

 
pressures

–
 

Left
 

atrial pressure
–

 
Left

 
ventricular

 
end-diastolic

 
pressure



FRE

No absolute pressureNo absolute pressure
No direct flow measurement No direct flow measurement 
Dependent on quality of echo signalDependent on quality of echo signal
––PHTN may be underestimated or missed PHTN may be underestimated or missed 

in the presence of a poor signalin the presence of a poor signal
In In apicalapical viewview mitralmitral regurgitationregurgitation oror aorticaortic
stenosis stenosis signalssignals couldcould bebe falslyfalsly interpretedinterpreted
as as tricuspidtricuspid signalssignals
Not Not reliablereliable forfor PAP PAP measurementmeasurement in in thethe
presencepresence of of pulmonarypulmonary stenosisstenosis

Problems of Hemodynamic 
Measurements

 
in Echocardiography
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How
 

Good is
 

the
 

Estimation
 

of PA Pressure
 by

 
Tricuspid

 
Regurgitation

 
Velocity?

? RVSP = Gradient
? RVSP = Gradient + 10 mmHg
? RVSP = Gradient + RAP estimated on 

clinical grounds
? RVSP = Gradient  + RAP estimated by cava

index



FREC. Otto.The Practice of Clinical Echocardiography. 2002

Estimation of RA Pressure 
Based

 
on Diameter

 
of the IVC

IVC Diameter Changes IVC Diameter
 with

 
Inspiration

RA Pressure 
Estimation (mmHg)

Small (<1.5 cm)
Normal (1.5-2.5 cm)
Normal (1.5-2.5 cm)
Dilated

 

(>2.5 cm)
Dilatation also

 

of the 
hepatic

 

veins

Collapse
>50% ↓
<50% ↓
<50% ↓

no change

0-5
5-10
10-15
15-20
>20
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Correlation
 

Doppler –
 Invasive Measurement

Auteur n r SEE mmHg

Yock

 

1984 62 0.95 7

Currie

 

1985 111 0.90 8

Stevenson 1989 50 0.96 6.9

Yock P et al. Circulation 1984;70:657-62
Currie PJ et al. JACC 1985;6.750-6
Stevenson JG JASE 1989;2:157-71

Tricuspid
 

regugitant
 

jet estimation
• only

 
in 50-60% of patients with

 
no PHTN

• only
 

in 80-90% of patients with
 

PHTN

Estimated pressure 50 mmHg Estimated pressure 50 mmHg →→ 95% confidence limits 3495% confidence limits 34--66 mmHg66 mmHg
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mPAP
 

(mmHg) measured invasively
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DopplerDoppler
 

EchocardiographyEchocardiography
 

vsvs
 InvasiveInvasive

 
PressurePressure

 
MeasurementsMeasurements

1. Barst

 

RJ, et al.

 

J Am Coll

 

Cardiol

 

2004; 43:40S-7S.
2. Mukerjee

 

D, et

 

al.

 

Rheumatology

 

2004;43:461-6.

False 
positive

25

False negative
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Right Heart Catheterization
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Cardiac Catheterisation → Essential in the 
Diagnosis and Management of PHTN

Diagnostic gold standard
Confirms the diagnosis of PHTN
Describes the haemodynamic mechanism 
(e.g. PAH vs left heart disease)
Determines severity (CO, RAP, mixed venous 
oxygen saturation)
Testing for vasoreactivity
Overall procedure-related mortality 0.055% 
(95% CI, 0.01%–0.099%): 4/7218

Hoeper

 

MM, et al. J Am Coll

 

Cardiol

 

2006; 48:2546-52.
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Right Heart Catheterization

Pulmonary 
artery

AortaCatheter

Superior 
vena cava

Right 
atrium

Inferior 
vena cava Right 

ventricle

Left 
ventricle

Pulmonary 
valve

Left 
atrium

Characteristic intracardiac pressure 
waveforms during passage through 

the heart

RA RV PA PCW
40 mmHg

20 mmHg
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Goals of Invasive
 

Assessment

Confirm non-invasive estimation of 
pulmonary pressures
Measurement of pressures and 
saturations in all heart chambers
Find etiology of PHTN (e.g., shunts)
Test vasoreactivity
Plan therapy
Assess prognosis
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To rule out shunts-droitTo rule out shunts-droit

PAH

Right Heart Catheterization Right Heart Catheterization 
→→

 
IInsight into Pulmonary nsight into Pulmonary HemodynamicsHemodynamics::

 Pressures, Flow State, ResistancesPressures, Flow State, Resistances
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Pulmonary
 

Artery
 

Wedge
 Pressure Measurement

Transpulmonal
 

gradient
 

= mean
 

PAP –
 

mean
 

PCWP
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Right Heart
 

Catheter
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Transpulmonal
 

Gradient (TPG)
 = mean

 
PA pressure

 
−

 
PCWP

80

60

40

20

P2

TPG = 65 –
 

9 = 56 mmHg

PAPPCWP100
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Right Heart: Normal Hemodynamics

Syst. PA pressure
 
18 –

 
25 mmHg

Diast
 

PA pressure
 
6 –

 
10 mmHg

Mean
 

PAP
 

12 –
 

16 mmHg

PCWP 6 –
 

10 mmHg

PVR = x 80 = 60-120 dyn.sec.cm-5Cardiac
 

Output
Mean

 
PAP –

 
PCWP
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Right Heart Catheterization in PAH

Increased mPAP
–

 
normal mPAP

 
< 20 mmHg; PAH defined as 

mPAP
 

> 25 mmHg

Normal PCWP
–

 
normal range <15 mmHg

PVR↑, > 3 Wood units (250 dyn/sec/cm-5)*
Right atrial pressure↑

–
 

normal right atrial
 

pressure 2–7 mmHg

Cardiac output↓
–

 
normal cardiac output 4–8 liters

 
per minute

Cardiac index↓
–

 
normal cardiac index 2.5–4.0 liters/min/m2

Increased mPAP
–

 
normal mPAP

 
< 20 mmHg; PAH defined as 

mPAP
 

> 25 mmHg

Normal PCWP
–

 
normal range <15 mmHg

PVR↑, > 3 Wood units (250 dyn/sec/cm-5)*
Right atrial pressure↑

–
 

normal right atrial
 

pressure 2–7 mmHg

Cardiac output↓
–

 
normal cardiac output 4–8 liters

 
per minute

Cardiac index↓
–

 
normal cardiac index 2.5–4.0 liters/min/m2

“25–15–3” rule

*Gradient DPAP-Wedge < 6mmHg
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PHTN: Positive Vasodilator
 

Response

Decrease
 

of mean
 

pulmonary
 artery

 
pressure

 
by

 
≥10 mmHg

 
to 

reach
 

≤40 mmHg
 

with
 

an increased
 or

 
unchanged

 
cardiac

 
output.

= new definition (Dana Point 2008)
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Initiation of vasodilator therapy
Surgical closure of shunts in 
congenital disease
Detection of right ventricular
dysfunction

Importance
 

of Vasoreactivity
 

Testing
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Dedicated
 

interventionalists
 

(HUG → Dr. Keller)
• Indication for the cath

 
discussed

 
in the multidisciplinary

 
PHT team

• Knows
 

about the patients
• Knows

 
the specific

 
question that

 
the invasive test is

 
suppose to answer

• Is able to integrate
 

the results
 

in the clinical
 

contaxt
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Central Role
 

of Cardiac
 

Catheterization
 and Vasoreactivity

 
Test
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Goals of Goals of InvasiveInvasive
 

AssessmentAssessment

Confirm non-invasive estimation of 
pulmonary pressures
Measurement of pressures and 
saturations in all heart chambers
Find etiology of PHTN
Test vasoreactivity
Plan therapy
Assess prognosis
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Hemodynamic Classification

Class Symptoms Echocardio-
 graphy

RV 
Catheterization

Mild NYHA I Syst. PAP 35-
 55 mmHg

Mean PAP 21-
 40 mmHg

Moderate NYHA II Syst
 

PAP > 55 
mmHg

Mean PAP > 40 
mmHg

Severe NYHA III RV function 
impaired

SVO2

 

< 60 %

Very severe NYHA IV RV function 
severely 
impaired

SVO2

 

< 50 %
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Pulmonary arterial oxygen saturation < 63%
–

 
>63%: 55% survival

 
at 3 years

–
 

< 63%: 17% survival
 

at 3 years

Cardiac index < 2.1 l/min/m2

–
 

< 2.1: 17 months
 

median survival

Right atrial pressure > 10 mmHg
–

 
< 10 mmHg: 4 years

 
mean

 
survival

–
 

> 20 mmHg: 1 month
 

mean
 

survival

Lack of pulmonary vasodilator response to 
acute challenge

HemodynamicHemodynamic
 

AdverseAdverse
 

PrognosticPrognostic
 

IndicatorsIndicators
 in in PrimaryPrimary

 
PulmonaryPulmonary

 
HypertensionHypertension
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Prognostic
 

Implications
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Conclusions: Why
 

is
 

Right Heart
 Catheterization

 
Necessary
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Conclusions: Why
 

is
 

Right Heart
 Catheterization

 
Necessary

PressurePressure measurementmeasurement notnot estimationestimation
––

 
On Echo PHTN On Echo PHTN cannotcannot

 
bebe

 
estimatedestimated

 
in in in 50in 50--60% of patients 60% of patients 

withwith
 

no PHTN and in 80no PHTN and in 80--90% of patients 90% of patients withwith
 

PHTNPHTN
AllowsAllows to to excludeexclude „„treatabletreatable““ causescauses of PHTN (of PHTN (shuntsshunts))
CanCan differentiatedifferentiate PHTN PHTN relatedrelated oror notnot relatedrelated to LV to LV dysfunctiondysfunction
IInsight into pulmonary nsight into pulmonary hemodynamicshemodynamics: pressures, flow state, : pressures, flow state, 
resistancesresistances
Invasive, but low complication ratesInvasive, but low complication rates
VasoreactivityVasoreactivity testingtesting byby nonnon--invasiveinvasive measurementsmeasurements not not reliablereliable
→→ PPlanninglanning of of therapytherapy withoutwithout vasoreactivityvasoreactivity test test questionablequestionable
Has Has prognosticprognostic implicationsimplications at at thethe time of time of diagnosisdiagnosis
To follow the patient response to vasodilator therapy if the cliTo follow the patient response to vasodilator therapy if the clinical nical 
evolution and the evolution and the echocardiographicechocardiographic parameters are parameters are discordant:ifdiscordant:if
PHTN stable or decreasing but also the cardiac output is PHTN stable or decreasing but also the cardiac output is 
decreasing the prognosis is decreasing the prognosis is pooruepoorue..
PrognosisPrognosis of of thethe patientpatient withwith severesevere PAHT PAHT unfavorableunfavorable →→ thethe
highesthighest degreedegree of of accuracyaccuracy forfor diagnosisdiagnosis and and assessmentassessment of of 
vasoreativityvasoreativity isis indicatedindicated



FRE

Last but not least

Indication, interpretation, and therapeutic
consequences of right heart catheterization
and vasoreactivity nedd to be discussed nin
multidicliplinary fashion
Right heart catheterization should be done
by a « dedicated » interventionalcardiologist

Cardiac catheterization should be performed in 
a dedicated pulmonary hypertension center


	Diapositive numéro 1
	Diagnostic Work-up �in Pulmonary Hypertension
	Hemodynamic Data Obtained with Doppler-Echocardiography
	Problems of Hemodynamic Measurements in Echocardiography
	How Good is the Estimation of PA Pressure by Tricuspid Regurgitation Velocity?
	Diapositive numéro 6
	Correlation Doppler – Invasive Measurement
	Doppler Echocardiography vs�Invasive Pressure Measurements
	Right Heart Catheterization
	Cardiac Catheterisation → Essential in the Diagnosis and Management of PHTN
	Right Heart Catheterization
	Goals of Invasive Assessment
	Diapositive numéro 13
	Diapositive numéro 14
	Right Heart Catheter
	Transpulmonal Gradient (TPG)�= mean PA pressure − PCWP
	Right Heart: Normal Hemodynamics
	Right Heart Catheterization in PAH
	Diapositive numéro 19
	Diapositive numéro 20
	PHTN: Positive Vasodilator Response
	Importance of Vasoreactivity Testing
	Diapositive numéro 23
	Diapositive numéro 24
	Diapositive numéro 25
	Central Role of Cardiac Catheterization and Vasoreactivity Test
	Goals of Invasive Assessment
	Hemodynamic Classification
	Hemodynamic Adverse Prognostic Indicators in Primary Pulmonary Hypertension
	Prognostic Implications
	Conclusions: Why is Right Heart Catheterization Necessary
	Conclusions: Why is Right Heart Catheterization Necessary
	Last but not least

