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Korte introductie

Wat meet je: 
1. RA druk 
2. RV druk 
3. PA druk
4. Wedge druk
5. Cardiac output



Wat meet je? 

RV curve



Wat meet je? 

PA curve



Wat meet je? 

PCWP curve



Wat meet je? 

RA curve



Wat meet je? 

RA curve



Verschil RA en PCWP? 



Wat meet je? 

1. RA druk 
2. RV druk 
3. PA druk < 25 mmHg
4. Wedge druk < 15 mmHg
5. Cardiac output 4 – 8 L/min

Wat bereken je? 
1. Pulmonale vaatweerstand 
2. Perifere vaatweerstand



Wat is pulmonale vaatweerstand
Normal Pre-capillaire PH

Gaine. JAMA 2000; 284: 3160-3168

Pulmonale vaatweerstand (PVR) = mPAP – PCWP /  cardiac output 
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Wanneer rechts catheterisatie? 

• Bij verdenking pulmonale arteriële hypertensie 
• Bij verdenking post-capillaire pulmonale hypertensie 
• Bij verdenking HFpEF 
• Screening HTx

• Kleplijden? 
• Shunts? 
• Onbegrepen dyspnoe? 



Meerwaarde mbt PH

1. Is er sprake van PH?
• mPAP > 20 mmHg en PVR > 3WU (240 dynes)  

2. Welke soort PH?  
• Pre capillaire PH 
• Post capillaire PH 
• Gecombineerde pre en post capillaire PH



Differentiaal diagnose

hypertension (PAH, group 1). In this case the diagnosis requires
the exclusion of all other groups of PH.

† PAH (Tables 4 and 5) represents the condition described more
extensively due to the availability of specific treatments. Based on
the publication of recent randomized controlled trials (RCTs) a
new treatment algorithm with updated levels of evidence and
grades of recommendationand the current approval status in differ-
ent geographic areas have been provided. Definitions for the evalu-
ation of a patient’s severity, treatment goals, and follow-up strategy
have been also included. The specific characteristics of the different
types of PAH including paediatric PAH have been highlighted.

† The other four main clinical groups of PH, i.e. pulmonary
veno-occlusive disease (PVOD, group 10), PH due to left heart
disease (group 2), PH due to lung diseases (group 3), and
chronic thromboembolic pulmonary hypertension (CTEPH,
group 4 ) have been discussed individually while the heterogen-
eity and rarity of the conditions included in group 5 (Table 4)
prevent an appropriate description in these guidelines.

2. Definitions
PH has been defined as an increase in mean pulmonary arterial
pressure (PAP) !25 mmHg at rest as assessed by right heart cathe-
terization (RHC) (Tables 3 and 5).7,8 This value has been used for
selecting patients in all RCTs and registries of PAH.3,4,8 Recent
re-evaluation of available data has shown that the normal mean

PAP at rest is 14+3 mmHg, with an upper limit of normal of
!20 mmHg.9,10 The significance of a mean PAP between 21 and
24 mmHg is unclear. Patients presenting with PAP in this range
need further evaluation in epidemiological studies.

The definition of PH on exercise as a mean PAP .30 mmHg as
assessed by RHC is not supported by published data and healthy indi-
viduals can reach much higher values.9,11 Thus no definition for PH on
exercise as assessed by RHC can be provided at the present time.

According to various combinations of values of pulmonary wedge
pressure (PWP), pulmonary vascular resistance (PVR), and cardiac

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 4 Updated clinical classification of pulmonary
hypertension (Dana Point, 20081)

1 Pulmonary arterial hypertension (PAH)
1.1 Idiopathic
1.2 Heritable

1.2.1 BMPR2
1.2.2 ALK1, endoglin (with or without hereditary

haemorrhagic telangiectasia)
1.2.3 Unknown

1.3 Drugs and toxins induced
1.4 Associated with (APAH)

1.4.1 Connective tissue diseases
1.4.2 HIV infection
1.4.3 Portal hypertension
1.4.4 Congenital heart disease
1.4.5 Schistosomiasis
1.4.6 Chronic haemolytic anaemia

1.5 Persistent pulmonary hypertension of the newborn

10 Pulmonary veno-occlusive disease and/or pulmonary
capillary haemangiomatosis

2 Pulmonary hypertension due to left heart disease
2.1 Systolic dysfunction
2.2 Diastolic dysfunction
2.3 Valvular disease

3 Pulmonary hypertension due to lung diseases and/or
hypoxia
3.1 Chronic obstructive pulmonary disease
3.2 Interstitial lung disease
3.3 Other pulmonary diseases with mixed restrictive and

obstructive pattern
3.4 Sleep-disordered breathing
3.5 Alveolar hypoventilation disorders
3.6 Chronic exposure to high altitude
3.7 Developmental abnormalities

4 Chronic thromboembolic pulmonary hypertension

5 PH with unclear and/or multifactorial mechanisms
5.1 Haematological disorders: myeloproliferative disorders,

splenectomy.
5.2 Systemic disorders: sarcoidosis, pulmonary Langerhans cell

histiocytosis, lymphangioleiomyomatosis,
neurofibromatosis, vasculitis

5.3 Metabolic disorders: glycogen storage disease, Gaucher
disease, thyroid disorders

5.4 Others: tumoural obstruction, fibrosing mediastinitis,
chronic renal failure on dialysis

ALK-1 ¼ activin receptor-like kinase 1 gene; APAH ¼ associated pulmonary
arterial hypertension; BMPR2 ¼ bone morphogenetic protein receptor, type 2;
HIV ¼ human immunodeficiency virus; PAH ¼ pulmonary arterial hypertension.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Haemodynamic definitions of pulmonary
hypertensiona

Definition Characteristics Clinical group(s)b

Pulmonary
hypertension
(PH)

Mean PAP
!25 mmHg

All

Pre-capillary PH Mean PAP
!25 mmHg

1. Pulmonary arterial
hypertension

PWP "15 mmHg 3. PH due to lung diseases

CO normal or
reducedc

4. Chronic
thromboembolic PH

5. PH with unclear and/or
multifactorial
mechanisms

Post-capillary PH Mean PAP
!25 mmHg

2. PH due to left heart
disease

PWP .15 mmHg

CO normal or
reducedc

Passive TPG "12 mmHg

Reactive (out of
proportion)

TPG .12 mmHg

aAll values measured at rest.
bAccording to Table 4.
cHigh CO can be present in cases of hyperkinetic conditions such as
systemic-to-pulmonary shunts (only in the pulmonary circulation), anaemia,
hyperthyroidism, etc.
CO ¼ cardiac output; PAP ¼ pulmonary arterial pressure; PH ¼ pulmonary
hypertension; PWP ¼ pulmonary wedge pressure; TPG ¼ transpulmonary
pressure gradient (mean PAP – mean PWP).
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1. Pulmonary
Arterial Hype

rtension

2. Left Heart  Disease
3. Lung disease & Hypoxemia

4. Thromboembolic 5. Miscelaneous
-Sarcoid,  fibrosing mediastinitis

Classificatie



Verschil tussen pre capillair en 
post capillaire PH? 



mPAP PCWP

Transpulmonary 
Pressure
Gradient



mPAP PCWP



Post capillaire PH 

mPAP PCWP

PCWP omhoog, mPAP omhoog
Pulmonale vaatweerstand normaal



mPAP PCWP



Pre capillair PH

mPAP PCWP



mPAP

PCWP

PCWP normaal, mPAP omhoog
Pulmonale vaatweerstand omhoog

mPAP

PCWP

PCWP omhoog, mPAP omhoog
Pulmonale vaatweerstand normaal

Post capillaire PHPre capillaire PH

Pre versus post capillaire PH



Gecombineerde pre- en 
post-capillaire PH

mPAP PCWP

PCWP omhoog, mPAP omhoog
Pulmonale vaatweerstand ook verhoogd



Meerwaarde bij HFpEF

Bhella et al, Circ Cardviovasc Imaging 2011Hummel EurJHF, 2017



Inspannings hemodynamiek

Maeder et al, JACC 2010



Wat is beste manier om HFpEF te 
diagnosticeren? 

Obokata et al, Circulation 2017
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Casus 1
• Progressieve dyspnoe d’effort, NYHA klasse 2-3
Op ski vakantie (2000m hoogte) dyspnoe d’effort

• Fibromyalgie
• Dieet pillen gebruikt 1990 (apotheek Belgie)
• Nooit DVT of LE
• Niet bekend met astma of allergie
• Hyperreactiviteitsklachten bij koude, vocht, schoonmaakmiddelen
• Familie anamnese: geen HVZ, geen auto immuunziekten, geen reuma. 



Echocardiografie



Verdere diagnostiek? 

• X-thorax: vergroot cor
• ECG: rechtsbelasting
• Echo cor: RVSP 50 mm Hg, verwijd RV 

• Longlijden: 
– Longfunctie: normaal
– HRCT: geen interstitiële afwijkingen, geen longemfyseem

• Auto immuunlijden: 
– Immunologie serologie: negatief

• Chronische Longembolie: 
– VP scan: normale perfusie



Rechts catheterisatie

• mPAP 59 mmHg [ < 25 mmHg]

• PCWP 13 mmHg [ < 15 mmHg]

• CO 3.3 L/min [ 4 – 8 L/min]

• PVR 2051 dynes*s*cm-5 [ <240 dynes*s*cm-5 = 3 WU]

Idiopatische (of toxisch) PAH



Behandeling

Start Sildenafil (Revatio) 3x20 mg 
Bosentan (Tracleer) 2x125mg



Follow up 

variability and should be interpreted in the clinical context. There are
no clear advantages of using BNP versus NT-proBNP. BNP appears to
have a slightly tighter correlation with pulmonary haemodynamics and
is less affected by kidney function, whereas NT-proBNP seems to be a
stronger predictor of prognosis.137

6.2.4 Comprehensive prognostic evaluation and risk
assessment
Regular assessment of patients with PAH in expert PH centres is
strongly recommended. A comprehensive assessment is required
since there is no single variable that provides sufficient diagnostic
and prognostic information. The most important questions to be ad-
dressed at each visit are (i) is there any evidence of clinical deterior-
ation since the last assessment?; (ii) if so, is clinical deterioration
caused by progression of PH or by a concomitant illness?; (iii) is
RV function stable and sufficient?; and (iv) is the current status com-
patible with a good long-term prognosis, i.e. does the patient meet
the low-risk criteria (see below)?

In order to answer these questions, a multidimensional approach
is needed. Table 13 lists the variables that are most frequently used
in PH centres. Not all of them need to be assessed at each visit.
However, the basic programme should include determination of
the FC and at least one measurement of exercise capacity, e.g.
6MWD or CPET. It is also recommended to obtain some informa-
tion on RV function, either by measuring BNP/NT-proBNP or by
performing echocardiography. Most of the proposed variables and
cut-off values are based on expert opinion. They may provide prog-
nostic information and may be used to guide therapeutic decisions,
but application to individual patients must be done carefully.

The indicated mortality rates are crude estimates and the depicted
variables have been studied mostly in patients with IPAH. Not all
variables may be in the same risk group, and it is the comprehensive
assessment of individual patients that should guide treatment
decisions. The individual risk is further modified by other factors,
such as the rate of disease progression and the presence or absence
of signs of right heart failure, or syncope, and also by co-morbidities,
age, sex, background therapy, and PAH subtype, among others.

Finally, the assessment of PAH patients should provide information
on co-morbidities and disease complications. ECGs should be ob-
tained on a regular basis to detect clinically relevant arrhythmias,
which occur frequently in this patient population.33 Patients with
PAH occasionally present with progressive hypoxaemia and may be
candidates for long-term O2 therapy. In addition, a low PaCO2 is asso-
ciated with reduced pulmonary blood flow and has prognostic impli-
cations.38 Thus arterial or capillary blood gases provide important
information and should be part of the regular clinical assessment, at
least in cases of clinical deterioration. Alternatively the peripheral
O2 saturation may be used, but it is less reliable and does not provide
information on PaCO2. The recommended basic laboratory workup
(in addition to BNP/NT-proBNP) includes blood counts and inter-
national normalized ratio (INR) (in patients receiving vitamin K antago-
nists), as well as serum sodium, potassium, creatinine, uric acid,
aspartate aminotransferase (ASAT), alanine aminotransferase
(ALAT) (in patients receiving ERAs) and bilirubin. In addition, troponin,
uric acid, iron status and thyroid function should be checked at least
once a year or whenever the patient presents with clinical worsening.
Tables 14 and 15 provide detailed recommendations on the follow-up
assessment of patients with PAH.

Table 13 Risk assessment in pulmonary arterial hypertension

Determinants of prognosisa

(estimated 1-year mortality)
Low risk <5% Intermediate risk 5–10% High risk >10%

Clinical signs of right heart failure Absent Absent Present

Progression of symptoms No Slow Rapid

Syncope No Occasional syncopeb Repeated syncopec 

WHO functional class I, II III IV

6MWD >440 m 165–440 m <165 m

Cardiopulmonary exercise testing
Peak VO2 >15 ml/min/kg

(>65% pred.)
VE/VCO2 slope <36

Peak VO2 
11–15 ml/min/kg (35–65% pred.)

VE/VCO2 slope 36–44.9

Peak VO2 <11 ml/min/kg 
(<35% pred.)

VE/VCO2 slope ≥45

NT-proBNP plasma levels BNP <50 ng/l
NT-proBNP <300 ng/l

BNP 50–300 ng/l
NT-proBNP 300–1400 ng/l

BNP >300 ng/l
NT-proBNP >1400 ng/l

Imaging (echocardiography, CMR imaging) RA area <18 cm2

No pericardial effusion

RA area 18–26 cm2

No or minimal, pericardial 
effusion

RA area >26 cm2

Pericardial effusion

Haemodynamics
RAP <8 mmHg
CI ≥2.5 l/min/m2

SvO2 >65%

RAP 8–14 mmHg
CI 2.0–2.4 l/min/m2

SvO2 60–65%

RAP >14 mmHg
CI <2.0 l/min/m2

SvO2 <60%

6MWD ¼ 6-minute walking distance; BNP ¼ brain natriuretic peptide; CI ¼ cardiac index; CMR ¼ cardiac magnetic resonance; NT-proBNP ¼ N-terminal pro-brain natriuretic
peptide; pred. ¼ predicted; RA ¼ right atrium; RAP ¼ right atrial pressure; SvO2 ¼ mixed venous oxygen saturation; VE/VCO2 ¼ ventilatory equivalents for carbon dioxide;
VO2 ¼ oxygen consumption; WHO ¼World Health Organization.
aMost of the proposed variables and cut-off values are based on expert opinion. They may provide prognostic information and may be used to guide therapeutic decisions, but
application to individual patients must be done carefully. One must also note that most of these variables have been validated mostly for IPAH and the cut-off levels used above may
not necessarily apply to other forms of PAH. Furthermore, the use of approved therapies and their influence on the variables should be considered in the evaluation of the risk.
bOccasional syncope during brisk or heavy exercise, or occasional orthostatic syncope in an otherwise stable patient.
cRepeated episodes of syncope, even with little or regular physical activity.
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Follow up rechtscatheterisatie

2009 2011
mPAP (mmHg) 59 35

PCWP (mmHg) 13 12

CI (L/min/m2) 1.8 2.4

PVR  (dynes) 2051 428

RAP (mmHg) 14 9



Follow up 

variability and should be interpreted in the clinical context. There are
no clear advantages of using BNP versus NT-proBNP. BNP appears to
have a slightly tighter correlation with pulmonary haemodynamics and
is less affected by kidney function, whereas NT-proBNP seems to be a
stronger predictor of prognosis.137

6.2.4 Comprehensive prognostic evaluation and risk
assessment
Regular assessment of patients with PAH in expert PH centres is
strongly recommended. A comprehensive assessment is required
since there is no single variable that provides sufficient diagnostic
and prognostic information. The most important questions to be ad-
dressed at each visit are (i) is there any evidence of clinical deterior-
ation since the last assessment?; (ii) if so, is clinical deterioration
caused by progression of PH or by a concomitant illness?; (iii) is
RV function stable and sufficient?; and (iv) is the current status com-
patible with a good long-term prognosis, i.e. does the patient meet
the low-risk criteria (see below)?

In order to answer these questions, a multidimensional approach
is needed. Table 13 lists the variables that are most frequently used
in PH centres. Not all of them need to be assessed at each visit.
However, the basic programme should include determination of
the FC and at least one measurement of exercise capacity, e.g.
6MWD or CPET. It is also recommended to obtain some informa-
tion on RV function, either by measuring BNP/NT-proBNP or by
performing echocardiography. Most of the proposed variables and
cut-off values are based on expert opinion. They may provide prog-
nostic information and may be used to guide therapeutic decisions,
but application to individual patients must be done carefully.

The indicated mortality rates are crude estimates and the depicted
variables have been studied mostly in patients with IPAH. Not all
variables may be in the same risk group, and it is the comprehensive
assessment of individual patients that should guide treatment
decisions. The individual risk is further modified by other factors,
such as the rate of disease progression and the presence or absence
of signs of right heart failure, or syncope, and also by co-morbidities,
age, sex, background therapy, and PAH subtype, among others.

Finally, the assessment of PAH patients should provide information
on co-morbidities and disease complications. ECGs should be ob-
tained on a regular basis to detect clinically relevant arrhythmias,
which occur frequently in this patient population.33 Patients with
PAH occasionally present with progressive hypoxaemia and may be
candidates for long-term O2 therapy. In addition, a low PaCO2 is asso-
ciated with reduced pulmonary blood flow and has prognostic impli-
cations.38 Thus arterial or capillary blood gases provide important
information and should be part of the regular clinical assessment, at
least in cases of clinical deterioration. Alternatively the peripheral
O2 saturation may be used, but it is less reliable and does not provide
information on PaCO2. The recommended basic laboratory workup
(in addition to BNP/NT-proBNP) includes blood counts and inter-
national normalized ratio (INR) (in patients receiving vitamin K antago-
nists), as well as serum sodium, potassium, creatinine, uric acid,
aspartate aminotransferase (ASAT), alanine aminotransferase
(ALAT) (in patients receiving ERAs) and bilirubin. In addition, troponin,
uric acid, iron status and thyroid function should be checked at least
once a year or whenever the patient presents with clinical worsening.
Tables 14 and 15 provide detailed recommendations on the follow-up
assessment of patients with PAH.

Table 13 Risk assessment in pulmonary arterial hypertension

Determinants of prognosisa

(estimated 1-year mortality)
Low risk <5% Intermediate risk 5–10% High risk >10%

Clinical signs of right heart failure Absent Absent Present

Progression of symptoms No Slow Rapid

Syncope No Occasional syncopeb Repeated syncopec 

WHO functional class I, II III IV

6MWD >440 m 165–440 m <165 m

Cardiopulmonary exercise testing
Peak VO2 >15 ml/min/kg

(>65% pred.)
VE/VCO2 slope <36

Peak VO2 
11–15 ml/min/kg (35–65% pred.)

VE/VCO2 slope 36–44.9

Peak VO2 <11 ml/min/kg 
(<35% pred.)

VE/VCO2 slope ≥45

NT-proBNP plasma levels BNP <50 ng/l
NT-proBNP <300 ng/l

BNP 50–300 ng/l
NT-proBNP 300–1400 ng/l

BNP >300 ng/l
NT-proBNP >1400 ng/l

Imaging (echocardiography, CMR imaging) RA area <18 cm2

No pericardial effusion

RA area 18–26 cm2

No or minimal, pericardial 
effusion

RA area >26 cm2

Pericardial effusion

Haemodynamics
RAP <8 mmHg
CI ≥2.5 l/min/m2

SvO2 >65%

RAP 8–14 mmHg
CI 2.0–2.4 l/min/m2

SvO2 60–65%

RAP >14 mmHg
CI <2.0 l/min/m2

SvO2 <60%

6MWD ¼ 6-minute walking distance; BNP ¼ brain natriuretic peptide; CI ¼ cardiac index; CMR ¼ cardiac magnetic resonance; NT-proBNP ¼ N-terminal pro-brain natriuretic
peptide; pred. ¼ predicted; RA ¼ right atrium; RAP ¼ right atrial pressure; SvO2 ¼ mixed venous oxygen saturation; VE/VCO2 ¼ ventilatory equivalents for carbon dioxide;
VO2 ¼ oxygen consumption; WHO ¼World Health Organization.
aMost of the proposed variables and cut-off values are based on expert opinion. They may provide prognostic information and may be used to guide therapeutic decisions, but
application to individual patients must be done carefully. One must also note that most of these variables have been validated mostly for IPAH and the cut-off levels used above may
not necessarily apply to other forms of PAH. Furthermore, the use of approved therapies and their influence on the variables should be considered in the evaluation of the risk.
bOccasional syncope during brisk or heavy exercise, or occasional orthostatic syncope in an otherwise stable patient.
cRepeated episodes of syncope, even with little or regular physical activity.
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variability and should be interpreted in the clinical context. There are
no clear advantages of using BNP versus NT-proBNP. BNP appears to
have a slightly tighter correlation with pulmonary haemodynamics and
is less affected by kidney function, whereas NT-proBNP seems to be a
stronger predictor of prognosis.137

6.2.4 Comprehensive prognostic evaluation and risk
assessment
Regular assessment of patients with PAH in expert PH centres is
strongly recommended. A comprehensive assessment is required
since there is no single variable that provides sufficient diagnostic
and prognostic information. The most important questions to be ad-
dressed at each visit are (i) is there any evidence of clinical deterior-
ation since the last assessment?; (ii) if so, is clinical deterioration
caused by progression of PH or by a concomitant illness?; (iii) is
RV function stable and sufficient?; and (iv) is the current status com-
patible with a good long-term prognosis, i.e. does the patient meet
the low-risk criteria (see below)?

In order to answer these questions, a multidimensional approach
is needed. Table 13 lists the variables that are most frequently used
in PH centres. Not all of them need to be assessed at each visit.
However, the basic programme should include determination of
the FC and at least one measurement of exercise capacity, e.g.
6MWD or CPET. It is also recommended to obtain some informa-
tion on RV function, either by measuring BNP/NT-proBNP or by
performing echocardiography. Most of the proposed variables and
cut-off values are based on expert opinion. They may provide prog-
nostic information and may be used to guide therapeutic decisions,
but application to individual patients must be done carefully.

The indicated mortality rates are crude estimates and the depicted
variables have been studied mostly in patients with IPAH. Not all
variables may be in the same risk group, and it is the comprehensive
assessment of individual patients that should guide treatment
decisions. The individual risk is further modified by other factors,
such as the rate of disease progression and the presence or absence
of signs of right heart failure, or syncope, and also by co-morbidities,
age, sex, background therapy, and PAH subtype, among others.

Finally, the assessment of PAH patients should provide information
on co-morbidities and disease complications. ECGs should be ob-
tained on a regular basis to detect clinically relevant arrhythmias,
which occur frequently in this patient population.33 Patients with
PAH occasionally present with progressive hypoxaemia and may be
candidates for long-term O2 therapy. In addition, a low PaCO2 is asso-
ciated with reduced pulmonary blood flow and has prognostic impli-
cations.38 Thus arterial or capillary blood gases provide important
information and should be part of the regular clinical assessment, at
least in cases of clinical deterioration. Alternatively the peripheral
O2 saturation may be used, but it is less reliable and does not provide
information on PaCO2. The recommended basic laboratory workup
(in addition to BNP/NT-proBNP) includes blood counts and inter-
national normalized ratio (INR) (in patients receiving vitamin K antago-
nists), as well as serum sodium, potassium, creatinine, uric acid,
aspartate aminotransferase (ASAT), alanine aminotransferase
(ALAT) (in patients receiving ERAs) and bilirubin. In addition, troponin,
uric acid, iron status and thyroid function should be checked at least
once a year or whenever the patient presents with clinical worsening.
Tables 14 and 15 provide detailed recommendations on the follow-up
assessment of patients with PAH.

Table 13 Risk assessment in pulmonary arterial hypertension

Determinants of prognosisa

(estimated 1-year mortality)
Low risk <5% Intermediate risk 5–10% High risk >10%

Clinical signs of right heart failure Absent Absent Present

Progression of symptoms No Slow Rapid

Syncope No Occasional syncopeb Repeated syncopec 

WHO functional class I, II III IV

6MWD >440 m 165–440 m <165 m

Cardiopulmonary exercise testing
Peak VO2 >15 ml/min/kg

(>65% pred.)
VE/VCO2 slope <36

Peak VO2 
11–15 ml/min/kg (35–65% pred.)

VE/VCO2 slope 36–44.9

Peak VO2 <11 ml/min/kg 
(<35% pred.)

VE/VCO2 slope ≥45

NT-proBNP plasma levels BNP <50 ng/l
NT-proBNP <300 ng/l

BNP 50–300 ng/l
NT-proBNP 300–1400 ng/l

BNP >300 ng/l
NT-proBNP >1400 ng/l

Imaging (echocardiography, CMR imaging) RA area <18 cm2

No pericardial effusion

RA area 18–26 cm2

No or minimal, pericardial 
effusion

RA area >26 cm2

Pericardial effusion

Haemodynamics
RAP <8 mmHg
CI ≥2.5 l/min/m2

SvO2 >65%

RAP 8–14 mmHg
CI 2.0–2.4 l/min/m2

SvO2 60–65%

RAP >14 mmHg
CI <2.0 l/min/m2

SvO2 <60%

6MWD ¼ 6-minute walking distance; BNP ¼ brain natriuretic peptide; CI ¼ cardiac index; CMR ¼ cardiac magnetic resonance; NT-proBNP ¼ N-terminal pro-brain natriuretic
peptide; pred. ¼ predicted; RA ¼ right atrium; RAP ¼ right atrial pressure; SvO2 ¼ mixed venous oxygen saturation; VE/VCO2 ¼ ventilatory equivalents for carbon dioxide;
VO2 ¼ oxygen consumption; WHO ¼World Health Organization.
aMost of the proposed variables and cut-off values are based on expert opinion. They may provide prognostic information and may be used to guide therapeutic decisions, but
application to individual patients must be done carefully. One must also note that most of these variables have been validated mostly for IPAH and the cut-off levels used above may
not necessarily apply to other forms of PAH. Furthermore, the use of approved therapies and their influence on the variables should be considered in the evaluation of the risk.
bOccasional syncope during brisk or heavy exercise, or occasional orthostatic syncope in an otherwise stable patient.
cRepeated episodes of syncope, even with little or regular physical activity.
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variability and should be interpreted in the clinical context. There are
no clear advantages of using BNP versus NT-proBNP. BNP appears to
have a slightly tighter correlation with pulmonary haemodynamics and
is less affected by kidney function, whereas NT-proBNP seems to be a
stronger predictor of prognosis.137

6.2.4 Comprehensive prognostic evaluation and risk
assessment
Regular assessment of patients with PAH in expert PH centres is
strongly recommended. A comprehensive assessment is required
since there is no single variable that provides sufficient diagnostic
and prognostic information. The most important questions to be ad-
dressed at each visit are (i) is there any evidence of clinical deterior-
ation since the last assessment?; (ii) if so, is clinical deterioration
caused by progression of PH or by a concomitant illness?; (iii) is
RV function stable and sufficient?; and (iv) is the current status com-
patible with a good long-term prognosis, i.e. does the patient meet
the low-risk criteria (see below)?

In order to answer these questions, a multidimensional approach
is needed. Table 13 lists the variables that are most frequently used
in PH centres. Not all of them need to be assessed at each visit.
However, the basic programme should include determination of
the FC and at least one measurement of exercise capacity, e.g.
6MWD or CPET. It is also recommended to obtain some informa-
tion on RV function, either by measuring BNP/NT-proBNP or by
performing echocardiography. Most of the proposed variables and
cut-off values are based on expert opinion. They may provide prog-
nostic information and may be used to guide therapeutic decisions,
but application to individual patients must be done carefully.

The indicated mortality rates are crude estimates and the depicted
variables have been studied mostly in patients with IPAH. Not all
variables may be in the same risk group, and it is the comprehensive
assessment of individual patients that should guide treatment
decisions. The individual risk is further modified by other factors,
such as the rate of disease progression and the presence or absence
of signs of right heart failure, or syncope, and also by co-morbidities,
age, sex, background therapy, and PAH subtype, among others.

Finally, the assessment of PAH patients should provide information
on co-morbidities and disease complications. ECGs should be ob-
tained on a regular basis to detect clinically relevant arrhythmias,
which occur frequently in this patient population.33 Patients with
PAH occasionally present with progressive hypoxaemia and may be
candidates for long-term O2 therapy. In addition, a low PaCO2 is asso-
ciated with reduced pulmonary blood flow and has prognostic impli-
cations.38 Thus arterial or capillary blood gases provide important
information and should be part of the regular clinical assessment, at
least in cases of clinical deterioration. Alternatively the peripheral
O2 saturation may be used, but it is less reliable and does not provide
information on PaCO2. The recommended basic laboratory workup
(in addition to BNP/NT-proBNP) includes blood counts and inter-
national normalized ratio (INR) (in patients receiving vitamin K antago-
nists), as well as serum sodium, potassium, creatinine, uric acid,
aspartate aminotransferase (ASAT), alanine aminotransferase
(ALAT) (in patients receiving ERAs) and bilirubin. In addition, troponin,
uric acid, iron status and thyroid function should be checked at least
once a year or whenever the patient presents with clinical worsening.
Tables 14 and 15 provide detailed recommendations on the follow-up
assessment of patients with PAH.

Table 13 Risk assessment in pulmonary arterial hypertension

Determinants of prognosisa

(estimated 1-year mortality)
Low risk <5% Intermediate risk 5–10% High risk >10%

Clinical signs of right heart failure Absent Absent Present

Progression of symptoms No Slow Rapid

Syncope No Occasional syncopeb Repeated syncopec 

WHO functional class I, II III IV

6MWD >440 m 165–440 m <165 m

Cardiopulmonary exercise testing
Peak VO2 >15 ml/min/kg

(>65% pred.)
VE/VCO2 slope <36

Peak VO2 
11–15 ml/min/kg (35–65% pred.)

VE/VCO2 slope 36–44.9

Peak VO2 <11 ml/min/kg 
(<35% pred.)

VE/VCO2 slope ≥45

NT-proBNP plasma levels BNP <50 ng/l
NT-proBNP <300 ng/l

BNP 50–300 ng/l
NT-proBNP 300–1400 ng/l

BNP >300 ng/l
NT-proBNP >1400 ng/l

Imaging (echocardiography, CMR imaging) RA area <18 cm2

No pericardial effusion

RA area 18–26 cm2

No or minimal, pericardial 
effusion

RA area >26 cm2

Pericardial effusion

Haemodynamics
RAP <8 mmHg
CI ≥2.5 l/min/m2

SvO2 >65%

RAP 8–14 mmHg
CI 2.0–2.4 l/min/m2

SvO2 60–65%

RAP >14 mmHg
CI <2.0 l/min/m2

SvO2 <60%

6MWD ¼ 6-minute walking distance; BNP ¼ brain natriuretic peptide; CI ¼ cardiac index; CMR ¼ cardiac magnetic resonance; NT-proBNP ¼ N-terminal pro-brain natriuretic
peptide; pred. ¼ predicted; RA ¼ right atrium; RAP ¼ right atrial pressure; SvO2 ¼ mixed venous oxygen saturation; VE/VCO2 ¼ ventilatory equivalents for carbon dioxide;
VO2 ¼ oxygen consumption; WHO ¼World Health Organization.
aMost of the proposed variables and cut-off values are based on expert opinion. They may provide prognostic information and may be used to guide therapeutic decisions, but
application to individual patients must be done carefully. One must also note that most of these variables have been validated mostly for IPAH and the cut-off levels used above may
not necessarily apply to other forms of PAH. Furthermore, the use of approved therapies and their influence on the variables should be considered in the evaluation of the risk.
bOccasional syncope during brisk or heavy exercise, or occasional orthostatic syncope in an otherwise stable patient.
cRepeated episodes of syncope, even with little or regular physical activity.
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1 at 3 months, as well as at 12 months (Figure 2). Of interest,
the only preoperative parameter found to be different
between the groups was 6-minute walk distance, which
was lower in group 2 even at baseline (Figure 2). After the
3-month hemodynamic assessment and clinical review, 24
patients were started on targeted medical therapy, 7.6% of
the cohort. All these patients were in group 2, and therefore
25% of those with residual PH required treatment. The

disease type, classified intraoperatively, on a subset of 135
patients after 2004 is shown in Table 3.

mPAP, cardiac index, and PVR were not different
between groups 1 and 2 preoperatively. However, the
preoperative 6-minute walk distance was lower in group
2 (247 ! 121 vs 282 ! 121 m, P ¼ .03); this was the only
difference between the groups.

During the period of this study, 368 patients with CTEPH
were treated by means of pulmonary endarterectomy. Fifty-
four patients died before the 3-month assessment, and the
surviving 314 patients make up the study cohort. Early (be-
fore 3 months) mortality was era dependent: 25% (29/114
patients) for the years 1997-2002 and 2.7% (3/110 patients)
for 2006-2007. Conditional survival after discharge from the
hospital at a mean follow-up of 4.2 years was 92.6% and
was not different between groups (92.7% for group 1 vs
92.6% for group 2, P ¼ .36, Figure 3). Survival for all pa-
tients, including deaths in the first 3-month period, was
76% at 5 years, with a conditional survival of 90%. Survival
status at the censor date could not be confirmed in 2 patients,
and therefore follow-up was 99% complete. No patients un-
derwent lung transplantation after pulmonary endarterec-
tomy, but 1 patient underwent a redo endarterectomy for
recurrent disease 3 years after the original procedure.

DISCUSSION
We have reported that the excellent early results of pulmo-

nary endarterectomy surgery are sustained by 1 year.17 We
have now extended this work by examining the effect of

FIGURE 1. A, New York Heart Association class at baseline and 3 and 12

months after pulmonary endarterectomy for the whole cohort. B, New York

Heart Association class at baseline and 3 and 12 months after pulmonary

endarterectomy for each group. Group 1, Mean pulmonary artery pressure

of less than 30 mm Hg; group 2, mean pulmonary artery pressure of

30 mm Hg or greater.

TABLE 1. Hemodynamic data for the cohort (median ± interquartile

range)

Preoperative

(n ¼ 314) 3 mo (n ¼ 306) P value

mPAP (mm Hg) 48 ! 12 26 ! 10 <.001

PVR (dynes $ s#1 $ cm#5) 805 ! 365 301 ! 232 <.001

CI (L $ min#1 $ m#2) 2.0 ! 0.7 2.5 ! 0.5 <.001

SMWD (m) 269 ! 119 367 ! 108 <.001

Patients underwent right heart catheterization at 3 months as part of routine follow-up.

Eight patients did not have full right heart catheterization data at 3 months. mPAP,

Mean pulmonary artery pressure; PVR, pulmonary vascular resistance; CI, cardiac

index; SMWD, 6-minute walk distance.

TABLE 2. Comparison between patients without (group 1) or with

(group 2) residual pulmonary hypertension (median ± interquartile

range)

3 mo after operation

Group 1

(n ¼ 210)

Group 2

(n ¼ 96) P value

mPAP (mm Hg) 20 ! 5 38 ! 8 <.001

PVR (dynes $ s#1 $ cm#5) 181 ! 88 541 ! 250 <.001

CI (L $ min#1 $ m#2) 2.5 ! 0.6 2.5 ! 0.62 NS

SMWD (m) 386 ! 106 337 ! 97 <.001

NYHA class I or II (n) 88.1% (170/193) 68.9% (62/90) <.001

mPAP, Mean pulmonary artery pressure; PVR, pulmonary vascular resistance; CI, car-

diac index; NS, not significant; SMWD, 6-minute walk distance; NYHA, New York

Heart Association.

FIGURE 2. Six-minute walk test distance in meters. mPAP, Mean pulmo-

nary artery pressure.
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Residual PAH

potentially significant residual PH on symptom status, func-
tional capacity, and intermediate survival for all of the
United Kingdom patients surviving pulmonary endarterec-
tomy from the start of our series in 1997 to the end of
2007. As expected, patients with normalized hemodynamics
(group 1) had minimal symptoms and better exercise capac-
ity. However, those with residual PH by our definition
(group 2) still showed significant improvement compared
with their preoperative status. Importantly, we have con-
firmed that both groups had equally good survival at 5 years.
A significant implication of these results is that pulmonary
endarterectomy should be considered in all patients with
CTEPH, including those with severely increased PH, be-
cause as long as the PVR can be reduced enough to survive
the perioperative period, the prognosis is very good, even in
those in whom hemodynamics do not fully normalize.

Although the majority of patients are ‘‘cured’’ by pulmo-
nary endarterectomy and regain normal pulmonary pres-
sures, residual PH might be thought of as an inevitable
consequence of the 2-compartment model of CTEPH.18-20

The finding from the Vienna group that 92% of patients
with ‘‘associated medical conditions’’ (splenectomy,
indwelling venous catheters, and inflammatory diseases)
had residual PH after pulmonary endarterectomy5 substanti-
ates this hypothesis because many of these medical condi-

tions are associated with a more distal type of disease.
However, it could also be argued that residual PH is a com-
plication of inadequate surgical clearance, and every effort
should be made to ensure a complete clearance at the time
of the operation for patients to enjoy the best result of pulmo-
nary endarterectomy. With increasing institutional and sur-
gical experience, most centers report improved in-hospital
survival as case volume increases. Little is known about re-
sidual PH after pulmonary endarterectomy surgery because
only 2 other centers have reported detailed outcomes in this
way.5,8 Bonderman and associates5 reported an incidence of
35% by 1 year, and Corsico and colleagues8 reported an in-
cidence of 24% at 4 years, albeit in smaller series with dif-
ferent definitions at later time points. Taken together with
our data, the evidence suggests that up to one third of pa-
tients might be affected despite apparently successful pul-
monary endarterectomy surgery. It is known that operative
mortality is reduced with increasing institutional experience,
and one might expect a similar reduction is residual PH in
surviving patients. However, it could also be argued that
more experienced centers are more likely to accept patients
with worse hemodynamics and more distal disease with the
inevitable consequence of some residual PH.23,24

A classification scheme for thromboembolic disease was
proposed based on operative findings.23 This scheme has
been adopted by many centers, including our own. Unfortu-
nately, we did not start recording this information prospec-
tively into the database until 2004, and therefore
information was not available on the whole cohort. As might
be expected, there was a trend suggesting that more patients
in group 2 had distal (type 3) disease.

The results presented in this article suggest that residual
PH (by our definition) after pulmonary endarterectomy sur-
gery does not have a significant effect on survival. This ini-
tially appears counterintuitive because the degree of PH in
patients with CTEPH at presentation correlates with sur-
vival.1 A similar apparent anomaly is also sometimes ob-
served in trials of drug treatment in patients with PH,
when a significant improvement is observed in one outcome
measure in response to treatment but does not translate into
similar improvements in a second end point, despite both end
points correlating at baseline.16 It might be that the absolute
pulmonary artery pressure, cardiac output, or walk distance
greater or less than a threshold value is more important
than the change in response to treatment. It is also important
to recognize that the majority of patients with residual PH in
this study, even by our enhanced definition, had only mod-
estly increased pulmonary pressures (mean for group 2, 38
mm Hg), and in addition, some were receiving targeted pul-
monary vasodilator therapy. It is likely that improved medi-
cal care might be contributing to the unexpectedly good
results in those with residual PH. At present, despite the pub-
lication of the Bosentan Effects in Inoperable Forms of
Chronic Thromboembolic Pulmonary Hypertension study,

TABLE 3. Comparison of disease type at the time of the operation by

means of Jamieson classification

Disease type Group 1 (n ¼ 86) Group 2 (n ¼ 49) P value

1 41 (48%) 15 (31%) NS

2 38 (44%) 22 (45%) NS

3 7 (8%) 10 (20%) NS

4 0 (0%) 2 (4%) NS

Data were only available for 135 patients.22 NS, Not significant.

FIGURE 3. Effect of residual pulmonary hypertension on survival after

hospital discharge. mPAP, Mean pulmonary artery pressure.
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1 at 3 months, as well as at 12 months (Figure 2). Of interest,
the only preoperative parameter found to be different
between the groups was 6-minute walk distance, which
was lower in group 2 even at baseline (Figure 2). After the
3-month hemodynamic assessment and clinical review, 24
patients were started on targeted medical therapy, 7.6% of
the cohort. All these patients were in group 2, and therefore
25% of those with residual PH required treatment. The

disease type, classified intraoperatively, on a subset of 135
patients after 2004 is shown in Table 3.

mPAP, cardiac index, and PVR were not different
between groups 1 and 2 preoperatively. However, the
preoperative 6-minute walk distance was lower in group
2 (247 ! 121 vs 282 ! 121 m, P ¼ .03); this was the only
difference between the groups.

During the period of this study, 368 patients with CTEPH
were treated by means of pulmonary endarterectomy. Fifty-
four patients died before the 3-month assessment, and the
surviving 314 patients make up the study cohort. Early (be-
fore 3 months) mortality was era dependent: 25% (29/114
patients) for the years 1997-2002 and 2.7% (3/110 patients)
for 2006-2007. Conditional survival after discharge from the
hospital at a mean follow-up of 4.2 years was 92.6% and
was not different between groups (92.7% for group 1 vs
92.6% for group 2, P ¼ .36, Figure 3). Survival for all pa-
tients, including deaths in the first 3-month period, was
76% at 5 years, with a conditional survival of 90%. Survival
status at the censor date could not be confirmed in 2 patients,
and therefore follow-up was 99% complete. No patients un-
derwent lung transplantation after pulmonary endarterec-
tomy, but 1 patient underwent a redo endarterectomy for
recurrent disease 3 years after the original procedure.

DISCUSSION
We have reported that the excellent early results of pulmo-

nary endarterectomy surgery are sustained by 1 year.17 We
have now extended this work by examining the effect of

FIGURE 1. A, New York Heart Association class at baseline and 3 and 12

months after pulmonary endarterectomy for the whole cohort. B, New York

Heart Association class at baseline and 3 and 12 months after pulmonary

endarterectomy for each group. Group 1, Mean pulmonary artery pressure

of less than 30 mm Hg; group 2, mean pulmonary artery pressure of

30 mm Hg or greater.

TABLE 1. Hemodynamic data for the cohort (median ± interquartile

range)

Preoperative

(n ¼ 314) 3 mo (n ¼ 306) P value

mPAP (mm Hg) 48 ! 12 26 ! 10 <.001

PVR (dynes $ s#1 $ cm#5) 805 ! 365 301 ! 232 <.001

CI (L $ min#1 $ m#2) 2.0 ! 0.7 2.5 ! 0.5 <.001

SMWD (m) 269 ! 119 367 ! 108 <.001

Patients underwent right heart catheterization at 3 months as part of routine follow-up.

Eight patients did not have full right heart catheterization data at 3 months. mPAP,

Mean pulmonary artery pressure; PVR, pulmonary vascular resistance; CI, cardiac

index; SMWD, 6-minute walk distance.

TABLE 2. Comparison between patients without (group 1) or with

(group 2) residual pulmonary hypertension (median ± interquartile

range)

3 mo after operation

Group 1

(n ¼ 210)

Group 2

(n ¼ 96) P value

mPAP (mm Hg) 20 ! 5 38 ! 8 <.001

PVR (dynes $ s#1 $ cm#5) 181 ! 88 541 ! 250 <.001

CI (L $ min#1 $ m#2) 2.5 ! 0.6 2.5 ! 0.62 NS

SMWD (m) 386 ! 106 337 ! 97 <.001

NYHA class I or II (n) 88.1% (170/193) 68.9% (62/90) <.001

mPAP, Mean pulmonary artery pressure; PVR, pulmonary vascular resistance; CI, car-

diac index; NS, not significant; SMWD, 6-minute walk distance; NYHA, New York

Heart Association.

FIGURE 2. Six-minute walk test distance in meters. mPAP, Mean pulmo-

nary artery pressure.
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