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Hipertensao Pulmonar

Condicdo hemodindmica e fisiopatologica caracterizada por
uma pressado arterial pulmonar média > 25 mmHg em
repouso obtida por cateterismo cardiaco direito.

Multiplicidade de

condicdes clinicas




Hipertensao Pulmonar

Condicdo hemodindmica e fisiopatologica caracterizada por
uma pressado arterial pulmonar média > 25 mmHg em
repouso obtida por cateterismo cardiaco direito.

Classifica¢ao Clinica

Dana Point, 2008

1 Pulmonary arterial hypertension (PAH) 3 Pulmonary hypertension due to lung diseases and/or
11 Idiopathic hypoxia
1.2 Heritable 3.1 Chronic obstructive pulmonary disease
121 BMPR2 3.2 Interstitial lung disease
122 ALK1, endoglin (with or without hereditary 3.3 Other pulmonary diseases with mixed restrictive and
haemorrhagic telangiectasia) obstructive pattern
123  Unknown 34 Sleep-disordered breathing
1.3 Drugs and toxins induced 3.5 Alveolar hypoventilation disorders
14 Associated with (APAH) 3.6 Chronic exposure to high altitude
141 Connective tissue diseases 3.7 Developmental abnormalities

142 HNV infecion e
14.3 Portal hypertension

144 Congenital heart disease 5 PH with unclear and/or multifactorial mechanisms
145 Schistosomiasis 51 Haematological disorders: myeloproliferative disorders,
14.6 Chronic haemolytic anaemia splenectomy.
.15 Persstent pumonary hypertension of the newborn 52 Systemic disorders: sarcoidosis, pulmonary Langerhans cel
1" Pulmonary veno-occlusive disease and/or pulmonary histiocytosis, lymphangioleiomyomatosis,
capillary haemangiomatosis neurofibromatosis, vasculitis
................................................................................ 5.3 Metabolic disorders: glycogen storage disease, Gaucher
2 Pulmonary hypertension due to left heart disease disease, thyroid disorders
21 Systolic dysfunction 54 Others: tumoural obstruction, fibrosing mediastinitis,
22 Diastolic dysfunction chronic renal failure on dialysis

2.3 Valvwular disease




Hipertensao Pulmonar

Condicdo hemodindmica e fisiopatologica caracterizada por
uma pressado arterial pulmonar média > 25 mmHg em
repouso obtida por cateterismo cardiaco direito.

Taxa significativa de mortalidade / morbilidade

devido a insuficiéncia cardiaca direita
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Ecocardiografia

()" Guidelines for the diagnosis and treatment
of pulmonary hypertension

Table I5 Parameters with established importance for assessing disease severity, stability and prognosis in PAH
(adapted from McLaughlin and McGoon®)

Better prognosis Determinants of prognosis Worse prognosis

Clinical evidence of RV failure Yes

Rate of progression of symptoms

[ N Syncope
o whorc
Longer (>500 m)? EMWT Shorter (<300 m)
Peak O, consumption >|5 mL/min/kg Cardio-pulmonary exercise testing Peak O, consumption <12 mL/min/kg
BNPINTproBINP plasma fves ST
Mo pericardial effusion b Pericardial effusion
TAPSE® >2.0 cm Echocardiographic findings TAPSE® <1.5 cm
RAP <8 mmHg H d . RAP =15 mmHg
and C1 2.5 Limin/m? aemocynamics or Cl 2.0 Limin/m?

*Depending on age.

é TAPSE and pericardial effusion have been selected because they can be measured in the majority of the patients.
BMNP = brain natriuretic peptide; Cl = cardiac index; 6MWT = &-minute walking test; RAP = right atrial pressure; TAPSE = tricuspid annular plane systolic excursion;
WHO-FC = WHO functional class.



Ecocardiografia TAPSE

Funcgao sistdlica Funcgao sistdlica
longitudinal do VD global do VD

O VD ejecta o sangue primariamente por
encurtamento das fibras longitudinais

Am Heart J. 1584 Mar;107(3):528-31.

Assessment of right ventricular function using two-dimensional echocardiography.
Kaul 5, Tei C, Hopkins JM, Shah PM.

Abstract

With the use of two-dimensional echocardiegraphy (2DE), we analyzed apical and subcostal four-chamber views for evaluation of right ventricular
(RV) function in 30 individuals as compared to RV ejection fraction (RVEF) obtained by radicnuclide angiography. In addition to previously reported
parameters of changes in areas and chords, a new simple measurement of tricuspid annular excursion was correlated with RVEF. Aclese cormrelation
was noted between tricuspid annular plane systolic excursion (TARPSE) and RVEF (r=0.92). The RV end-diastolic area (RVEDA) and percentage of
systolic change in area in the apical four-chamber view also showed close correlation with RVEF (r = -0.76 and 0.81); however, the entire RV
endocardium could only be traced in about half of our patients. The end-diastolic transverse chord length and the percentage of systolic change in
chord length in the apical view showed a poor correlation with RVEF. The correlation between RVEF and both areas and chords measured in the
subcostal view was poor. It is concluded that the measurement of TAPSE offers a simple echocardiographic parameter which reflects RVEF. This
measurement is not dependent on either geometric assumptions or traceable endecardial edges. When the endocardial cutlines could be traced, the
apical four-chamber view was superior to the subcostal view in assessment of BV function.
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AMERICAN JOURNAL OF

Respiratory and Critical Care Medicine’
Tricuspid Annular Displacement Predicts Survival in * TAPSE < 18 mm associou-se:

- gravidade da disfuncao sistdlica do VD
Paul R. Forfia, Micah R. Fisher, Stephen C. Mathai, Traci Housten-Harris, Anna R. Hemnes, Barry A. Borlaug, ~ ,
Elzbieta Chamera, Mary C. Corretti, Hunter C. Champion, Theodore P. Abraham, Reda E. Girgis, and (\l/ IC; \1/ franaO area VD)-

Paul M. Hassoun

Divisions of Cardiology and Pulmenary and Critical Care Medicine, Department of Medicine, Johns Hopkins University, Baltimore, Maryland - Plor prognOStlco (morte de q ualq uer ca usa)'

* 63 doentes com HTP

Pulmonary Hypertension

A Overall cohort B PAH only
1.00 47— 1.00 1— | TAPSE = 1.8 cm
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o Log rank X% 10.0 o Log rank X° 6.8
P-value=0.002 P-value=0.009
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Months Months
TAPSE 21.8cm (N) 35 k¥ 30 29 23 TAPSE z1.8.cm (N) 17 17 18 15 15

TAPSE <1.8cm (N} 28 | 18 13 10 TAPSE <1.8 em (N} 30 23 18 18 13
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International Journal of * 59 dts consecutivos com HAP idiop.
C ARDIOLOGY * Objectivo: avaliar prospectivamente o valor
progndstico de varios indices ecocardiograficos
Prognostic relevance of the echocardiographic assessment of right de fun¢do do VD em doentes com HAP idiop.
ventricular function in patients with idiopathic pulmonary « Classe lll/IVOMS

arterial hypertension * Follow-up médio: 52 meses
Stefano Ghio “*, Catherine Klersy ®, Giulia Magrini ®, Andrea Maria D’ Armini ©, Laura Scelsi®,§ - 21 obitos.
Claudia Raineri ®, Michele Pasotti !, Alessandra Serio ®, Carlo Campana °, Mario Vigano ¢ - 2 transplantes pulmonares

Recerved 4 September 2008; received in revised form 1 November 2008; accepted 11 Novemnber 2008
Available onling 12 December 2008

* A TAPSE provou ser o melhor parametro ecocardiografico na predicao de mortalidade ou
necessidade de transplante pulmonar.
*  TAPSE £ 15 mm associada a um risco cerca de 3 x superior de mortalidade.

Echocardiographic characteristics. tapse and event at 12 months

Fig. 1. Recetver-operating charscteristic {ROC) curve analysis for identify-
ing the optimal cut-off of TAPSE for events at 12 months. Area under the
ROC curve 080, %5%C1 0.67-0.8%; optimal cut-off TAPSE =15
(sensitivity 100%%; specificity 53%).

RV diameter (mm)

RV free wall thickness (mm)

Diastolic RV area (cm?)

RV fractional area change (%)

Moderate to severe tricuspid regurgitation, N (%a)
TAPSE (mm)

Transtricuspid gradient (mmHg)

Tei index

IVC diameter (mm)

IVC collapsibility > 50%, N (%)

SVC flow velocity patern (normal/ XY (%)
LV diastolic eccentricity index, median (IQR)
LV end diastolic volume (ml)
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Pericardial effusion, NV (%)

LIMITACOES

* Depende das condi¢des de carga
do VD (pseudonormal na presenca
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Ewr J Echocardiography (2003) 4, 262-271

doi: 10.1016/S1525-2167(02)00171-3

Prognostic Importance of the Right Ventricular

Function Assessed by Doppler Tissue Imaging

J. Meluzin®, L. Spinarova', L. Dusek?, J. Toman', P. Hude' and J. Krejci’
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Figure 1. Kaplan-Meier analysis of event-free survival
stratified according to the Sa (+: censored points). Sa=
peak systolic tricuspid annular velocity.
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Figure 2. Kaplan—Meier analysis of survival stratified ac-
cording to the Sa (4: censored points). Sa = peak systolic
trcuspid annular velocity.

* 139 doentes consecutivos com IC, 77% NYHA I11/IV.

+ S’ tricispide < 10,8 cm/s mostrou ser um preditor
independente de mortalidade e sobrevivéncia livre
de eventos em doentes com IC sintomatica.

LIMITACOES de S’ tric

Ajuste para valores de FC <70 e >
100 bpm

Depende das condi¢Ges de carga
do VD
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Velocidade de contraccao isovolumétrica

Acelerag¢do miocardica

Tempo de aceleracao isovolumetrico

isovolumétrica
Sa
IVV
Aa | AT Aa
ICT IRT Ea

Menor dependéncia das
condicdes de carga



Ecocardiografia Aceleragdo miocdrdica

o

Circulation Heart Estudo em modelo animal (suinos).

- . : . " fasocistion: Parametro de contractilidade do VD
Validation of Myecardial Acceleration During Isovelumic Confraction as a Movel

Noninvaszive Index of Right Ventricular Contractility - Comparison With Ventricular mais robusto.

Pressure-Volmme Relations in an Animal A fodel , . . ~ . . .
Michael Vogel, Michae] R Schmidr, Steen B_ Kristiansan, Michael Cheung, Paul A. Whise, Necessarias valida¢bes adicionais para
o seu uso clinico.

[ ]

Eeld Sorenzen and Andrew M. Eedingon
Cirendamen. 2002;105:1693-1689; onzimally published onlime barch 25, 2002;

TABLE 1. Data on Preload Reduction With Simultaneous Volume Measurements and Afterload Increase
With Simultaneous Pressure Measurements by Conductance Catheterization and TDI-Derived Data During 6
Consecutive Cardiac Cycles

Cycle Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 P
Before After After After After Aftter (ANOVA)
A. Preload reduction
VA, m/s? 26+1.0 25+1.0 26=10 28+13 2.8+1.3 25+13 =05
W, cm/s 73+29 T4+26 76=28 7.8+29 8.1+3.3 76+41 <05
S-wave ace, m/s? 0.8+0.3 0.7+0.2 0.7=0.2 0.7+0.2 0.6+0.2 0.6+0.1 <0.04
S-wave velocity, cm/s 6.1+1.6 58+186 b2=13 5015 45+1.8 4316  <0.0001
RV end-diastolic volume, m/s 36774  33.6=10 =N 2729 229+94 199+82  <0.0001
dP/dtz,, mm Ho/s 30648 205+54 285=51 27553 26450 254 +50 <0.0001
B. Afterload increase
VA, m/s? 23+06 2407 23=07 2207 23206 2207 =06
W, cm/s 55+15 58+1.3 bh=18 b2+1.7 46+1.4 50+1.1 <0.0001
S-wave acc, m/s’ 0.8+0.3 0.7+0.3 0.7=03 0.6+0.3 0.60.2 06+02  <0.007
S-wave velocity, cm/s T1+26 6.4+29 64=26 E7+24 5.4+2.0 52+18  <0.001
RV sys pressure, mm Hg 216+40 248+54 200+46 321+52 329+53 3290+52  <0.001
dP/dt.=, mm Ha/s 303+44 340+57 348+68 357+T73 353+68 353+67 <0.0001

IV indicates isovolumic velocity; acc, acceleration; RV, right ventricle; and sys, systolic.
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Journal of the Amencan Cul.l:ge nFCn.r:lc-lngr

© 2002 by the American College of Cardinlogy Foundsfion

Published 'b}" Elevier Saence Inc.

Echoc ardiﬂgraphic Predictors of Adverse
Outcomes in Primary Pulmonary Hypertension

Ronald J. Raymond, MD,* Alan L. Hinderliter, MD,* Park W. Willis, IV, MD,* David Ralph, MD,t

e Estudo prospectivo; 81 dts com HAP grave.

* Objectivo: Avaliar a relacdo entre os achados ecocardiograficos e clinicos no
outcome (endpoint primario: morte de qualquer causa; endpoint composto:

morte ou transplantacdo pulmonar).
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Journal of the Amencan Cul.l:ge of C

© 2002 by the American College of Cardinlogy Foundstion

Published 'b}" Elsevier Saence Inc.

Echoc ardiﬂgraphi{: Predictors of Adverse
Outcomes in Primary Pulmonary Hypertension

Ronald J. Raymond, MD,* Alan L. Hinderliter, MD,* Park W. Willis, IV, MD,* David Ralph, MD,t

Table 3. Results of Univariable Proportional Hazards Modeling: Hazard Ratios,
95% Confidence Intervals and p Values for Echocardiographic Variables

Death Composite End Point
HR (95% CI) p Value HR (95% CI) p Value
RV end-diastolic area index (5 cm®/m) 1.34 (0.90-1.98) 0.148 1.26 (0.95-1.66) 0.110
RV % area change (10%) 0.70 (0.39-1.25) 0.225 0.86 (0.57-1.28) 0.454
RA area index (5 cm®m) 1.54 (1.13-2.10) 0.005 1.33 (1.06-1.66) 0.012
Systolic eccentricity index (0.5 U) 1.41 (0.94-2.13) 0.096 1.20 (0.86-1.68) 0.286
Diastolic eccentricity index (0.5 U) 1.39 (0.97-2.00) 0.074 1.45 (1.12-1.86) 0.004
Pericardial effusion (Y/N) 3.89 (1.49-10.14) 0.003 2.08 (1.12-3.86) 0.017

TR/RA ratio iﬂ.Z ii 1.24 iﬂ.?S—E.ﬂﬁi 0.400 1.37 iﬂ.96—1.9ii 0.080
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<> Esta demonstrado que a capacidade adaptativa do VD aos aumentos progressivos de
pressao na AP é o factor determinante da capacidade funcional e sobrevivéncia

Annals of Internal Medicine

ESTABLISHED IN 1927 BY THE AMERICAN COLLEGE OF PHysicians

Survival in Patients with Primary Pulmonary

Hypertension: Results from a National Prospective Registry

Gilbert E. D'Alonzo, DO; Robyn J. Barst, MD; Stephen M. Ayres, MD; Edward H. Bergofsky, MD; Bruce H.
Brundage, MD; Katherine M. Detre, MD; DrPH:; Alfred P. Fishman, MD; Roberta M. Goldring, MD; Berton M. Groves,
MD: Janet T. Kernis, MPH; Paul S. Levy, ScD; Giuseppe G. Pietra, MD; Lynne M. Reid, MD; John T. Reeves, MD:
Stuart Rich, MD; Caral E. Wreim, PhD; George W. Williams, PhD; and Margaret Wu, PhD

Ann Intern Med. 1 September 1981:115(5)1:343-348

. - [ merican
Circulation Hoar

Association.
Survival in primary pulmonary hypertension. Validation of a prognostic equation.
J Sandoval, O Bauerle, A Palomar, A Gémez, M L. Martinez-Guerra, M Beltran and M L

Guerrero

Circulation. 1994:89:1733-1744

l Ewr Respir J 2005; 25; 44240

@ EUROPEAN RESPIRATORY journa DO% 10.1183/09031 835,05 00054804

Copyright @ERS Jourrals Lid 2005

Survival with first-line bosentan in patients
with primary pulmonary hypertension

V.V. McLaughlin*, O. Sitbon*, D.B. Badesch’, R.J. Barst™, C. Black®, N. Galié/,
M. Rainisio**, G. Simonneau” and L.J. Rubin®#




Ecocardiografia Avaliagéio

<> Esta demonstrado que a capacidade adaptativa do VD aos aumentos progressivos de
pressao na AP é o factor determinante da capacidade funcional e sobrevivéncia

A AVALIACAO MORFOLOGICA das cavidades direitas é
fundamental, embora limitada do ponto de vista técnico

Geometria, orientacao e relagao espacial
com o VE alteram-se na presenca de
sobrecarga de pressdo e / ou volume

Estrutura

Interdependéncia Ventricular
complexa



Ecocardiografia Avaliagéio

<> Sob condicbes de HTP, o movimento anormal do septo afecta a geometria do VE.

INDICE DE EXCENTRICIDADE DO VE

@ VE paralelo ao SIV

Método de Ryan et al.

@ VE perpendicular ao SIV




Ecocardiografia

<> Sob condi¢bes de HTP, o movimento anormal do septo afecta a geometria do VE.

INDICE DE EXCENTRICIDADE DO VE Diastole = 1,7

) ACARDIOLOGY

indice de excentricidade do VE em diastole > 1,7 teve valor
Prognostic relevance of the echocardiographic assessment of right

ventricular function in patients with idiopathic pulmonary prognostico no endpoint mortalidade em doentes com HAP
arterial hypertension idiopatica e disfuncdo ventricular direita (TAPSE < 15 mm).
Stefano Ghio **, Catherine Klersy °, Giulia Magrini *, Andrea Maria D’ Armini ©, Laura Scelsi *,
Claudia Raineri *, Michele Pasotti *, Alessandra Serio *, Carlo Campana *, Mario Vigand *
S b ks 15 Dovets T o 2008 Hierarchical analysis and mortality rate per 100 person year
Relevant findings
TAPSE

<=15:20.8 (95%CI 16.8-30.4)
>15: 6.5 (95%CI 3.1-13.7)

|
| 1

TAPSE <=15 TAPSE>15
& &
LV EI-D >=1.7: 51.7 (95%C| 27.8-96.0) TR 24/3+: 19.5 (95%C| 8.8-43.4)
LV EI-D <1.7: 10.6 (95%CI 4.4-25.6) TR 0/1+: 1.3 (95%Cl 0.2-9.3)

Fig. 2. Event rates (mortality and/or lung transplantation in emergency conditions) in patients subgrouped according to TAPSE (>15 vs <15 mm), degree of
tricuspid regurgitation (TR) (] vs 2+/3+) and left veniricular eccentricity index in diastole (left ventricular EI-D) (= 1.7 vs <1.7).
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<> Sob condi¢bes de HTP, o movimento anormal do septo afecta a geometria do VE.

INDICE DE EXCENTRICIDADE DO VE

Circulation 7 imerean

Association.

Circulation. 1957 Mar 18;85(8):1475-86.

Effects of long-term infusion of prostacyclin (epoprostenol) on echocardiographic measures of right ventricular
structure and function in primary pulmonary hypertension. Primary Pulmonary Hypertension Study Group.

Table 3.
+ Estudo multicéntrico e randomizado. S o B o LI

* 81dts com HAP idiopatica (classe Il [ IV OMS). e
o Comparar (0] efeito do epoprostenol evcoma Right ventricular end-diastolic area .25 452 -.16
~ . . Right ventricular percent change in area 37t -1 -.01
terapeUtICa COﬂVEﬂClOnal Systolic eccentricity index .50° 17 -.19
2
Pericardial effusion size score .22 .50 —.407
. ~ 7 . : : f . 2 2
° ASSOCIagaO basal entre o) Indlce de Tricuspid regurgitant jet area -.04 .46 —.45

excentricidade do VE em didstole e a PmAP, et canaoy el pressires KA, mean right

PmAD, IC e capacidade de exercicio.

s | P01,

- 2
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<> Sob condi¢bes de HTP, o movimento anormal do septo afecta a geometria do VE.

INDICE DE EXCENTRICIDADE DO VE

Journal of the Amencan College of C
D 2002 by the Amencan College of Cardiology Foundation
Published by Elsevier Science Inc.

Echocardiographic Predictors of Adverse
Outcomes in Primary Pulmonary Hypertension
Ronald J. Raymond, MD,* Alan L. Hinderliter, MD,* Park W. Willis, IV, MD,* David Ralph, MD,+

¢ Avaliar a associagao entre os achados Table 3. Results of Univariable Proportional Hazards Modeling: Hazard Ratios,
ecocardiogréficos e o outcome clinico 95% Confidence Intervals and p Values for Echocardiographic Variables

ao final de 1 ano numa populacdo de Dioath Compasits Exnd Point
doentes com HTP idiopatica. HR (95% CI) p Value HR (95% CI) p Value
RV end-diastolic arca index (5 em™m)  1.34 (0.90-1.98) 0148 126(095-166  0.110
e Em anili nivari indi RV % area change (10%) 0.70 (0.39-1.25) 0225  086(057-128) 0454
anafise  univa ada, o ind ce de DA aren index (5 cm¥/m) 1.54 (1.13-2.10) 0005 133 (L06-166) 0012
excentricidade do VE em diastole  giiic cccentricity index (0.5 U) 1.41 (0.94-2.13) 009 120 (086168 0286
associou-se de forma significativa com —(U-SUJ 1.39 (0.57-2.00) 0074  145(112-1%6) QD
Pericardial effusion (Y/N) 389 (149-10.14)  0.003 208 (L13-3.86) 0017

0 endpomt~ COMposto  morte  ouU  rppa s o2 Uy 1.24 (0.75-2.06) 0400  137(096-197)  0.080
transplantacdo (p=0.004). Miximum TR velocity (0.5 m/s) 0.90 {0.62-1.31) 0591 100071300 0981
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Journal of the American College of Cardiology Vol. 41, No. 8, 2003
© 2003 by the American College of Cardiology Foundation ISSN 0735-1097/03/830.00

'I‘he N EW E NG LAN D Published by Elsevier Science Inc. doi:10.1016/50735-1087(03)00121-9
JOURNAL of MEDICINE BREATTHE- Effects of the Oral Endothelin-Receptor

_ ) Antagonist Bosentan on Echocardiographic
Bosentan Therapy for Pulmonary Arterial Hypertension and Doppler Measures in Patients

Lewis J. Rubin, M.D., David B. Badesch, M.D., Robyn J. Barst, M.D., Nazzareno Galié, M.D., Carol M. Black, M.D., Anne With Pulmonary Arterial Hypertension
Keogh, M.D., Tomas Pulido, M.D., Adaani Frost, M.D., Sébastien Roux, M.D., Isabelle Leconte, Ph.D., Michael Landzberg, Nazzareno Galié, MD,* Alan L. Hinderliter, MD,} Adam Torbicki, MD 4 Thierry Fourme, MD,§
M.D., and Gérald Simonneau, M.D. for the Bosentan Randomized Trial of Endothelin Antagonist Therapy Study Group Gerald Simonncau, MD,§ Tomas Pulido, MD,| Nilda Espinola-Zavaleta, MD,| Guido Rocchi, MD,"

N Engl J Med 2002; 345:896-503 | March 21, 2002 | DOI: 10.1056/NEJMoa012212 Alessandra Manes, MD,* Robert Frantz, MD,§ Marcin Kurzyna, MD,} Sherif F. Naguch, MD#
Robyn Barst, MD,* Richard Channick, MD,}} Karl Dujardin, MD,}} Andrew Kronenberg, MD,}
Isabelle Leconte, PHD,§§ Maurizio Rainisio, PHD,§§ Lewis Rubin, MD11

e Estudo multicéntrico, randomizado, duplamente cego, e Subanadlise do estudo BREATHE-1.
controlado por placebo. * Avaliar o efeito de 16 semanas de terapéutica
e Eficacia do bosentan na capacidade funcional, avaliada com bosentan nos parametros
pelo T6EMM, em doentes com HAP. ecocardiograficos.

* A terapéutica com bosentan diminuiu os indices
de excentricidade do VE.

Table 4. Changes From Baseline in Echocardiographic Variables by Treatment Group and Treatment Effect

Bosentan Groups Treatment Treatment Treatment
Placebo Combined Effect 125 mg of Bosentan Effect 250 mg of Bosentan Effect
Variables N C + SEM* n C + SEM* Mean pt n C + SEM* Mean pt n C + SEM* Mean pt

LV systolic eccentricity index v 009=016 52 -003x005 012 0047 27 003007 005 0228 35 010005 019 0027
LV diastolic eccentricity index 28 000008 52 006004 007 0174 27 009006 009 0142 25 0032004 004 0406
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<~ Aalteracao da conformacdo do VE na telessistole e diastole altera o seu relaxamento e

compliance.

: . I merican
I(ilel‘scélalg}llon g-sggg;m_ Circ Res. 1974;34:498-504

Influence of Right Ventricular Filling Pressure on Left Ventricular
Pressure and Dimension

By Charles E. Bemis, JuanR. Serur, David Borket_lhagen. Edmund H. Sonnenblick, and
Charles W. Urschel

JACC Vol. 8, No. 6
December 1986:1298-1306

Doppler Echocardiographic Assessment of Impaired Left Ventricular
Filling in Patients With Right Ventricular Pressure Overload Due to
Primary Pulmonary Hypertension

ERIC K. LOUIE, MD, FACC, STUART RICH, MD, FACC, BRUCE H. BRUNDAGE, MD, FACC
Chicago, lllinois

: H 4 marican
Circulation 0 Hoart Circulation. 1980:62:558-563

Association.

Diastolic bulging of the interventricular septum toward the left ventricle. An

Journal of the American College of Cardiology Vol. 41, No. 8, 2003
© 2003 by the American College of Cardiology Foundation ISSN 0735-1097/03/830.00
Published by Elsevier Science Inc. doiz10.1016/50735-1087(03)00121-9

Effects of the Oral Endothelin-Receptor
Antagonist Bosentan on Echocardiographic
and Doppler Measures in Patients

With Pulmonary Arterial Hypertension

Nazzareno Galié, MD,* Alan L. Hinderliter, MD,} Adam Torbicki, MD,4 Thierry Fourme, MD,§
Gerald Simonneau, MD,§ Tomas Pulido, MD),|| Nilda Espinola-Zavaleta, MD,|| Guido Rocchi, MD,”
Alessandra Manes, MD,* Robert Frantz, MD,§ Marcin Kurzyna, MD,} Sherif F. Naguch, MD#
Robyn Barst, MD,* Richard Channick, MD,}} Karl Dujardin, MD,}} Andrew Kronenberg, MD,}
Isabelle Leconte, PHD,§§ Maurizio Rainisio, PHD,§§ Lewis Rubin, MD11

Circulation f’ Hoart Circulation. 1976:54:179-186

Association.

Mechanism of Abnormal Septal Motion

in Patients with Right Ventricular Volume Overload

A Cross-sectional Echocardiographic Study

ArtHur E. Weyman, M.D., Samuer Wann, M.D.,
Harvey FeiGensaum, M.D., anp James C. DiLLon, M.D.

Disfuncao Diastdlica

echocardiographic manifestation of negative interveniricular pressure gradient between 1
left and right ventricles during diastole. Ventrl cu I ar Esq u erd d

H Tanaka, C Tei, S Nakao, M Tahara, S Sakurai, T Kashima and T Kanehisa



Ecocardiografia Avaliacéo

<~ Aalteracao da conformacdo do VE na telessistole e diastole altera o seu relaxamento e
compliag

Journal of the American College of Cardiology Vol. 41, No. 8, 2003
© 2003 by the American College of Cardiology Foundation ISSN 0735-1097/03/830.00
Published by Elsevier Science Inc. doiz10.1016/50735-1087(03)00121-9

Effects of the Oral Endothelin-Receptor
Antagonist Bosentan on Echocardiographic
and Doppler Measures in Patients

Disfuncao Diastdlica
Ventricular Esquerda

* A terapéutica com bosentan associou-se a melhoria
da funcdo diastdlica ventricular esquerda (apds 16

With Pulmonary Arterial Hypertension

Nazzareno Galié, MD,* Alan L. Hinderliter, MD,} Adam Torbicki, MD,4 Thierry Fourme, MD,§

semanas de tratamento). Gerald Simonncau, MD,§ Tomas Pulido, MD,|| Nilda Espinola-Zavaleta, MD,| Guido Rocchi, MD,*
. Alessandra Manes, MD,* Robert Frantz, MD,§ Marcin Kurzyna, MD,} Sherif F. Naguch, MD#
v Velocidade de E (p < 0.003) Robyn Barst, MD,* Richard Channick, MD, Karl Dujardin, MD,#t Andrew Kronenberg, MD,}

Isabelle Leconte, PHD,§§ Maurizio Rainisio, PHD,§§ Lewis Rubin, MD11

v" Razdo E/A (p < 0.004)
v VTl fluxo transmitral (p < 0.001)

Table 5. Changes From Baseline in Doppler Variables by Treatment Group and Treatment Effect

Bosentan Groups Treatment Treatment Treatment
Placebo Combined Effect 125 mg of Bosentan Effect 250 mg of Bosentan Effect
Variables n C = SEM* n C =+ SEM* Mean pt n C £ SEM* Mean pf n C £ SEM* Mean pt
RV acceleration time, ms 27 —2.41 = 340 50 346 = 2.63 5.87 0.169 25 —0.56 = 3.21 1.85 0.59 25 7.48 = 408 9.89 0.073
RV gjection time, ms 27 —381 572 50 18.34 = 4.03 22.15 0.007 25 14.8 = 5.48 17.89 0.052 25 226 =590 26.41 0.007
Doppler RV index 26 —0.01 = 0.03 45 —0.08 = 0.02 —0.06 0.034 22 —0.06 = 0.02 —0.05 0.075 23 —0.09 = 0.03 —0.07 0.070
Moaximal TV regurgitant 25 6.40 + 6.45 46 —4.50 = 5.50 —10.90 0.280 23 —8.48 = 8.35 —14.88 0.155 23 —0.52 + 7.27 —6.92 0.681
velocity, cm/s

LV stroke volume, ml 26 0.06 = 2.04 55 7.43 = 1.45 737 0.007 28 594 +2.14 5.88 0.071 55 8.97 + 196 8.91 0.005
Heart rate, beats/min 27 —211+ 282 55 —4.42 + 1.45 —2.31 0.118 28 —-232+ 146 —0.21 0.274 27 —6.59 = 2.49 —4.48 0.109
Cardiac index, I/min/m? 26 —0.18 = 0.11 55 0.19 = 0.07 0.37 0.007 28 0.18 = 0.09 0.36 0.020 27 0.20 = 0.12 0.38 0.021
24 -254+28 53 7.91 + 2.40 1045 @ENED 27 3.74 + 3.49 628 0062 26 1223+313 1477  0.001

24 —0.03 = 0.05 53 0.15 = 0.04 0.18 27 0.11 = 0.06 0.15 0.024 26 0.18 = 0.05 0.21 0.006

27 1.15 = 0.52 1.42 0.054 26 3.02 = 056 3.29 0.000

- 24 —0.27 = 0.48 53 2.07 = 0.40 234

*C *= SEM denotes mean change * standard error of the mean. ‘l‘i'valucs are for the comparison with the Plan:tbo group.
MV = mitral vabve; LV = left ventricle; RV = rght ventricle; TV = tricuspid valve.
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ESC (}ongress 2009

I A The right ventricular systolic and left ventricular diastolic
function as predictors of mortality in pulmonary arterial

hypertension
R. Placido; P. Loureiro; A. G. Alimeida; S. Robalo Matrtins; J. Silva Marques; S.

Portugal.
e Estudo retrospectivo; 36 doentes com HAP Caracteristicas Clinicas da Populagéo
seguidos de forma protocolada em consulta de N=36
HTP. i
MédiatDP Mlglm Maximo
* Objectivo: estimar a mortalidade e identificar os Idade (anos) 64413 33 90
preditores de progndstico desfavoravel em doentes 28 91+6.7
IMC (Kg.m2) ! ! 22 53
com HAP. 8
<> Mortalidade: 28% no periodo de seguimento Sexo Masculino S
(fO//OW-Up medIOZ 23,9 meseS). 12 (33'3%) 24 (66,7%)
OoMS
Al 16
/v 20
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ESC Qongress 2009

b A The right ventricular systolic and left ventricular diastolic
function as predictors of mortality in pulmonary arterial

hypertension
R. Placido; P. Loureiro; A. G. Alimeida; S. Robalo Matrtins; J. Silva Marques; S.

*  Por analisEBWI3hda verificou-se associacdo significativa entre:

> TAPSE (p=0.033)

Disfuncdo diatélica VE tipo I/l (p=0.002) ) Mortalidade
Velocidade da onda E (p=0.022)

Survival Functions Survival Functions Survival Functions
TAPSE_med Disf. diast do VE Emitral_med
1,01 - 1,0 1,01 -
' 11,00 ' | _iGrau| ' 11,00
12,00 SGrau I — — + 12,00
-1 00-censored - Grau |-censore: ol -1 ,00-censorex
-+ 2,00-censored -+ Grau l-censare o |+ 2,00-censore:
08 08 08
E 0,5-] f 05 ‘ 05
£ £
- <
3 3
] [
E E
3 04 3 o4 0,4
0.2 0,2 0.2
0,0 0,01 0,0
T T Y T T T T T T T T T T T T T T T T
0 500 1000 1500 2000 2500 3000 i 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000

Tempo FU (em dias) Tempo FU (em dias) Tempo FU (em dias)

-4
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ESC Qongress 2009

b A The right ventricular systolic and left ventricular diastolic Q

%4 function as predictors of mortality in pulmonary arterial
hypertension

R. Placido; P. Loureiro; A. G. Almeida; S. Robalo Matrtins; J. Silva Marques. S.

aAlVCC -

Por analis€ AAY8R)ariada:

ROC Curve
1.0
> TAPSE (p=0.005)
> Disfuncao diatdlica tipo I/l (p=0.029)
0,5
Preditores independentes o 051
de mortalidade %
=
w 0,4-/
¢ A analise da curva ROC do modelo incluindo estas " AUC=0,975; IC 95%=(75,3%-100%)
duas varidveis revelou uma area sob a curva de
0,975. a'co,o 02 0.4 06 0.8 10
1 - Specificity

Diagonal segments are produced by ties.
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RVA =10 cm?

((25 cm? - 10 cm?) 125 cm? x 100) = 60% RVFAC

L dCARDIOLOGY

Prognostic relevance of the echocardiographic assessment of right

ventricular function in patients with idiopathic pulmonary
arterial hypertension

Stefano Ghio **, Catherine Klersy ®, Giulia Magrini ®, Andrea Maria D" Armini ¢, Laura Scelsi ®,
Claudia Raineri ®, Michele Pasotti ®, Alessandra Serio *, Carlo Campana ®, Mario Vigano ©

Received 4 Scptember 2008; reccived in revised form 1 November 2008; accepted 11 November 2008
Available online 12 December 2008

Em anadlise univariada, a fraccao de drea do VD associou-
se de forma significativa com a mortalidade (p = 0.025).

Fraccio de Area do VD

Area telediastdlica — Area telesistélica

X100

Area telediastdlica

LIMITACOES

 Dificuldade na delimitacdo dos bordos endocdrdicos

Table 3
Univariate Cox model.
Hazard 95% confidence P
ratio intervals
TAPSE 0.91 0.83-0.99 0.026
TAPSE<15 2,74 1.11-6.77 0.022
RV fractional area change  0.004 0.02-0.62 0.025
Moderate to severe tricuspid 3.11 1.2-9.48 0.030
regurgitation
Type “Y” flow pattern into  2.94 1.19-7.26 0.030
the SVC
IVC collapsibility 0.36 0.15-0.91 0.023
LV eccentricity index in 3.68 1.55-8.74 0.040
diastole > 1.7
LV end-diastolic volume 0.98 0.96-0.99 0.019
Tei index 2.61 0.52-13.03 0.26
Transtricuspid gradient 0.99 0.98-1.02 0.92
RV free wall thickness 1.11 0.91-1.35 0.29
Pericardial effusion 0.79 0.18-3.4 0.75
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< Parametro importante na avaliacdo
funcional do VD.

< Resulta da combinacdo de medidas
diastdlicas e sistdlicas.

./ IVCT

) 'q;. ./ .\' ;

Vantagens

 Relativamente independente das condicbes de carga ou
presenca e gravidade da RT.

* Nao se baseia no uso de modelos geométricos.
* Reprodutibilidade.
* Calculo rapido

* Determinacdo possivel na presenca de ma janela acustica.
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[ Normal ] HTP
a
< P> o
:orh :rrs Napresenca de HTP o indice de Tei A\ - E |R1'E
- I AN ICT Vv ET Tl Bl
u 8 G . - - = :

.

The
American Journal

of
Cardiology 1.0 1

R index <0.83

Value of a Doppler-Derived Index
Combining Systolic and Diastolic Time
Intervals in Predicting Outcome in
Primary Pulmonary Hypertension

Tiong Cheng Yeo, mrcp, Karl S. Dujardin, mp, Chuwa Tei, Mo,
Douglas W. Mahoney, ms, Michael D. McGoon, mp, and James B. Seward, mp

©1998 by Excerpta Medica, Inc.
(Am J Cardiol 1998;81:1157-1161)

0.8 1

0.6 -

0.4 4

R index =0.83

Survival free of adverse
outcomes (%)

0.2
* Estudo restrospectivo de uma coorte de
doentes com HTP idiopatica o : T z H 3
* Follow-up médio: 2,9 anos. Time (yr)
* Em andlise multivariada, o indice de Tei mostrou cuae & g s SR i o4 g

ser o preditor mais importante do endpoint
composto (mortalidade ou transplantacao).
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Avaliacao dimensional ventricular simples

<> As avalia¢6es dimensionais lineares simples sao limitadas pela geometria e trabeculacao do VD.
<~ Deverao ser utilizadas como critério de suspeicao de dilatacdo do VD - a confirmar por um método
mais robusto.
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Area indexada da AD <~ Preditor prognéstico de mortalidade em varios estudos.

normal RA enlargement




Ecocardiografia Area da AD

Area indexada da AD <~ Preditor prognéstico de mortalidade em varios estudos

* PmAD
Jeurnal of the American College of Cardiclogy
© 2002 by the American Callege of Cardiology Foundation
Published by Elsevier Scence Inc. M. A
Echocardiographic Predictors of Adverse LY * Preditor do endpoint composto morte ou
Outcomes in Primary Pulmonary Hypertension transplante pulmonar (p=0.012) (analise univariada).

Ronald J. Raymond, MD,* Alan L. Hinderliter, MD,* Park W. Willis, IV, MD,* David Ralph, MD,t *Em ana’lise multivariada (Varia'veis clfnicas,
hemodinamicas e ecocardiograficas), a drea da AD
continuou a ser preditora de mau progndstico.

Right atrial size

E 100 \1
.. A size < median g g0 | My
o i, ) )
= RA size = median 2 g0 LL\_ E H"!f'mm‘frﬂ?d'ﬂnl
E : LL'—L,
i 40 E 40 e AA size > median
20 - p = 0.005 5 20 p = 0.012
0 : . . . s 0 ——
0 1 2 3 4 & i ] 2 a | &
s Years

Kaplan-Meier survival curves for echocardiographic predictors of outcomes.
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Ecocardiografia Derrame
pericardico
<> Preditor progndstico major na avaliacao da HTP, a traduzir aumento da pressao na AD.

\




Ecocardiografia

The
American Journal

[0
Cardiology

Frequency and Prognostic Significance of Pericardial
Effusion in Primary Pulmonary Hypertension

Alan L. Hinderliter, mp, Park W. Willis IV, mp, Walker Long, mp,
William R. Clarke, Mo, David Ralph, b, Edgar J. Caldwell, mo,
William Williams, mp, Neil A. Ettinger, Mp, Nicholas S. Hill, mp,
Warren R. Summer, M, Bennett de Boisblanc, Mp, Gary Koch, pho, Shu Li, ms,
Linda M. Clayton, Pharmb, Maria M. Jébsis, 8a, and
James W. Crow, i, for the PPH Study Group

©1999 by Excerpta Medica, Inc. Al rights reserved.
The American Journal of Cardiology Vol. 84 August 15, 1999

*PmAD foi o parametro hemodinamico que mais
se correlacionou com o tamanho do derrame
pericardico (r=0.50, p<0.001), suportando assim a
sua origem fisiopatoldgica.

Mean RA pressure (mmHg)

25 1

20 -

15 A

10 S

I | | |
Mone Trace Small Moderate

Effusion size



Ecocardiografia Derrame

<> Preditor progndstico major na avaliacao da HTP, a traduzir aumento da pressao na AD.

<> Ainda estao por definir critérios quantitativos de derrame pericardico com significado
progndstico.

Journal of the American Callege of Cardiology

f‘jgsfe:yb:mmin‘:fxllekli.ofcw'qudﬁm “1‘,:,0 ) R \ *A presenca de der’rame pericérdico
Echocardiographic Predictors of Adverse ALK demf)nstrou, o em anallse. A n-1ult|varlada
Outcomes in Primary Pulmonary Hypertension < (parametros clinicos e hemodinamicos), ser o
Ronald J. Raymond, MD,* Alan L. Hinderliter, MD,* Park W. Willis, IV, MD,* David Ralph, MD,+ || ~ preditor mais forte de mortalidade (p = 0.011).

Pericardial effusion

100 .. Table 5. Results of Multivariable Modeling: Hazard Ratios,

[T Ry No effusion 95% Confidence Intervals and p Values for Significant
T Multivariable Predictors of Qutcome in Models That
Incorporate Echocardiographic, Clinical and

80

% 60 - Effusion Hemodynamic Variables
§ 40 | HR (95% CI)  p Value
@ Significant multivariable predictors
20 4 = 0.00 of death
P 3 Pericardial effusion (Y/N) 4.38 (1.41-13.67) 0.011
0 . i . . . Randomization to prostacyclin (Y/N)  0.25 (0.08-0.76) 0.014
0 1 2 3 4 5 6-min walk (500 ft) 0.56 (0.29-1.08) 0.082
Years

Kaplan-Meier survival curves for echocardiographic predictors of outcomes.
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<> A performance do VD é um importante marcador prognéstico na HTP.
< A quantificacdo da funcao regional e global do VD permanece um
desafio devido a sua geometria complexa.

Ecocardiografia
; 2D Strain ;
Doppler tecidular Speckle-tracking
- Processo angulo-dependente -Processo angulo-independente

v Permite incluir o dpex

v'Abordagem subxifoideia comparavel a abordagem apical
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Original Research
PULMONARY VASCULAR DISEASE Y 80 doentes Com HAP
Right Ventricular Strain for Prediction of - W Pico sistdlico de strain e strain-rate do VD.
* Strain parede livre do VD > -12,5% associou-se:
Arun Sachdev, MD; Hector R. Villarraga, MD; Robert P. Frantz, MD; - agravamento CII’niCO aOS 6 meses'
Michael D. McGoon, MD, ’P; Ju-Feng Hsiao, MD; Joseph F. Maalouf. MD; . . 7
N et A e e P - preditor de mortalidade até aos 4 anos.

Patricia A. Pellikka, MD; Jae K. Oh, MD; and Garvan C. Kane, MD, PhD, FCCP

Survival in Patients With Pulmonary Arterial
Hypertension

)
i
*
—

00
I P<0.005

* Risco 2,9x superior de mortalidade a 1

)
e

ano por 5% de declinio no strain da f,so—
parede livre do VD. 15, S

(ap0s ajuste para a idade, sexo, etiologia o Ssu—
1 77

da HP e classe funcional) | — wild (>-20%)
== Moderate (-20 to -12,5%)
J == Severe (<-12.5%)

2 4

L% ]
1
B
(=]

/

Proportion with symptom
progression, %

o
I L
(=1

4

°, = 2 Follow=up, years

RV free wall -
systolic strain, %
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American
Clrculatlon 0 Heart * 142 doentes com HP de diferentes

Abstract 9491: Prognostic Imphcatinns of Right etiologias (53% HAP).
Ventricular Longitudinal Peak Systolic Strain on

Long-Term Outcome in Patients with Pulmonary
Hypertension

Marlieke L Haeck'; Roderick W Scherptong'; Nina Ajmone Marsan?; Eduard
Holman?; Hubert W Vliegen'; Martin J Schalij'; Jeroen ] Bax'; Victoria Delgado!

* Follow-up médio: 31,2 meses; taxa
de mortalidade: 26%.

Survival according to KV LPSS

100,
. . % RVLPSS < 19
* A mortalidade de qualquer causa associou-se de 2 ‘o ny
. ere . . - e -y e
forma SI.gn[f!catlva. . o 3 "0 e w0y RVLPSS 5 10
- Pico sistdlico de strain longitudinal do VD = -19% =
(HR 3.36, 95% Cl 1.13-9.96, p=0.029) 3
>
(o . @ 51
(apds ajustamento multivariado)
" Logrank p=0.002
- Classe funcional NYHA 0 1 2 3 4
- TAPSE Follow-up (years)
No. at risk
<19% 46 3 3 24 18

>-19% 98 67 54 40 27
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Impact of right ventricular systolic longitudinal strain rate on
functional capacity in patients with pulmonary arterial

hypertension
J. Silva Marques, S. Robalo Martins, C. Jorge, S. Goncalves, S. Ribeiro, L. Santos, M.

* Estudo transversal; 20 doentes com HP (grupos | e IV, Dana Point - 2008), seguidos de forma

protocolada em consulta de HTP.
* Objectivo: determinar a acuidade dos parametros ecocardiograficos de deformagao miocardica por

speckle-tracking na avaliacdao da capacidade funcional e fungao sistélica do VD.

r=0,60, p=0,01 r=-0,73, p<0,01

e
=]
3
g
=

-0.54

o
tn

* O pico sistolico de strain rate global
longitudinal correlacionou-se:
Areas diastdlica e sistdlica do VD _ _ .
Fraccdo de drea VD ° Rfj coa (c:;"z) ‘;“ " rvesawemz
TAPSE

-
(4]
1

Global Peak syst SR (1/s)
Global Peak syst SR (1/s)

007 r=-0,54, p=0,02

-0.54

il r=-0,57, p=0,01

-1.0+

-1.54

-2.0

Global Peak syst SR (1/s)
Global Peak syst SR (1/s)

20 40 60 ) 10 20 30
RV Fractional Area Change (%) TAPSE (mm)
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Impact of right ventricular systolic longitudinal strain rate on
functional capacity in patients with pulmonary arterial

hypertension
J. Silva Marques, S. Robalo Martins, C. Jorge, S. Goncalves, S. Ribeiro, L. Santos, M.

* Estudo transverval; 20 doentes com HP (grupos | e IV, Dana Point - 2008), seguidos de forma
protocolada em consulta de HTP.

* Objectivo: determinar a acuidade dos parametros ecocardiograficos de deformagao miocardica por
speckle-tracking na avaliacdao da capacidade funcional e fungao sistélica do VD.

*  Pico sistélico global de strain rate longitudinal r=0,58, p=0.03

Preditor independente

> dTeMM

Global Peak syst SR (1/s)



‘A caracterizacao da estrutura e funcao do VD é
dificultada pela sua anatomia complexa, o que impoée
limitac6es na abordagem bidimensional’

Ecocardiograma Ressonancia
Magnética Cardiaca

h mlm;mgncu%sqoo
req.: 1.7 iiHz/3.5 iiHZ® <
PS: 18.8 .

Maior acuidade e reprodutibilidade na avaliacao morfolégica do VD
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<~ Aquisi¢cao de volumes
<~ Avaliacao de funcao ventricular

<~ Boa correlacao com os dados da RMC

Anatomically Oriented Right

Ventricular Volume Measurements With

Dynamic Three-Dimensional Echocardiography

Validated by 3-Tesla Magnetic Resonance Imaging

Petra S. Niemann, MD, PuD,* Luiz Pinho, MD,* Thomas Balbach, MD,} Christian Galuschky, PHD,t

Michael Blankenhagen, PHD,T Michael Silberbach, MD, FACC,* Craig Broberg, MD, FACC*
Michael Jerosch-Herold, PHD,* David J. Sahn, MD, MACC*

Portland, Oregon; and Unterschleissheim, Germany
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@ European Heart Journal - Cardiovascular Imaging

conorenn  doil0.1093/ehjci/jes003
SOCIETY OF
i

* Estudo prospectivo, controlado; 62 doentes
The association of clinical outcome with right consecutivos com HAP.

atrial and ventricular remodelling in patients * Objectivo: determinar a relagdo do remodelling
with pulmonary arterial hypertension: study with longitudinal ventricular e auricular por 3DE com o

real-time three-dimensional echocardiography outcome clinico (aumento da classe funcional ou

Julia Grapsa', ]. Simon R. Gibbs?, Ines Zimbarra Cabrita?, Geoffrey F. Watson'2, H HPa
Harry Pavlopoulos', David Dawson', Wendy Gin-Sing?, Luke S.G.E. Howard?, Internamento por IC d I relta)'

and Petros Nihoyannopoulos'*

= Table | Values of 2D and 3D echocardiography in
35 PAH patients at baseline and after 1 year of follow-up

7’ O = Values Baseline One-year P-value
* Durante um periodo de follow-up de 1 N roean folowup mesn
£ NoZL e bt ea et e
ano verificou-se aumento significativo: g _ Ty 4408 45209 oss
ey = baseline s
_ AD g .5 | m1yesefellowun RVSP (mmHg) 85 (25) 862 (23.6) 01
§ i TR 36 mild (58%) 26 mild (42%) <0001
VD ﬁ 10 - 21 moderate 29 moderate (46%)
- z = (34%)
. ~ . 7. 5 5 severe (8%) 7 severe (12%)
- Disfuncao sistodlica VD : ne  ney 1o <0001
0 + T d RV sphericity 0.71 (0.07) 0.98 (0.04) <0.001
WHO It WHO Il WHO IV index
RA sphericity  0.85 (0.16) 12 (0.24) <0001
1 (o) Figure 2 Deterioration of functional class within 1 year of index
°
Ag ravamento CI INico em 37/0 d 0s follow-up. At baseline, 29 patients were in WHO class |l (48%), Ravol index 705 (335) 772 (349) <0001
. - . . (mL/m?)
doentes, czl::sspalt\jfer(l:: ;r;é;v:'ﬁoerczass Il (23;%) ,a"d LY a2 T osle) RAvol (mlL) 122 (579) 1335 (60.4) <0001
J1%). year, 23 patients (37%) (16 who were
previously in WHO Il and 7 previously in WHO Ill) deteriorated TR, tricuspid regurgitation; RVSP, right ventriculer systolic pressure; RV, right

clinically_ ventricle; RA, right atrium; EF, ejection fraction; RAval, right atrial volume.
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@ European Heart Journal - Cardiovascular Imaging

doi10.1093/ehjcifjes003

fuRaPEAN
SOCIETY OF
CARDIOUOG Y=

The association of clinical outcome with right
atrial and ventricular remodelling in patients
with pulmonary arterial hypertension: study with
real-time three-dimensional echocardiography

Julia Grapsa', ]. Simon R. Gibbs?, Ines Zimbarra Cabrita?, Geoffrey F. Watson'2,
Harry Pavlopoulos', David Dawson', Wendy Gin-Sing?, Luke S.G.E. Howard?,
and Petros Nihoyannopoulos'*

IMDICES
Apical | mid

Sphericity index = mid | lax

M indice esfericidade AD > 0.24 foi preditor d
outcome primario.

O indice de esfericidade do VD e a FE(VD)
foram menos sensiveis e especificos na
previsao do agravamento clinico.

100 F

B0 |
E' 60 —— RAspher
= RVspher
E RVEF

40 H

20

0D E A i i

0 20 40 60 B8O 100
100-Specificity

Figure 3 ROC curves for sensitivity and specificity of atrial and
ventricular deformation in predicting clinical deterioration
(NYHA): an increase of RAspher =0.24 could predict clinical de-
terioration with a sensitivity of 96% and a specificity of 90% (AUC
0.97). RVspher was less sensitive (70%) and specific (62%) in pre-
dicting clinical deterioration (AUC 0.649). The deterioration in
RVEF had an increased sensitivity of 91.1% but a low specificity
of 35.3% (AUC 0.479) in predicting clinical deterioration.
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<> Método de imagem preferencial para a avaliacao global da estrutura / funcao do VD.

- Volumes
- Fraccao de ejeccao
- Massa miocardica

<> Elevada reprodutibilidade (ideal para monitorizar as alteracées dos parametros ventriculares
direitos em resposta a terapéutica).

Advantages and Disadvantages
of Magnetic Resonance Imaging

Advantages
Unparalleled resolution
Three-dimensional imaging capacity
Noninvasive
Nontoxic contrast agents*
Ability to depict soft tissues
Disadvantages
Long scan times
Artifacts including motion, respiratory, cardiac motion

Incompatibility with pacemakers, defibrillators, and aneurysm clips
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European Heart Journal (2007) 28, 1250-1257 Clinical research
doi:10.1093 /eurheartj/ ehl477 H £ .
ypertension

EUROPEAN

Prognostic value of right ventricular mass, volume, and

function in idiopathic pulmonary arterial hypertension

Serge A. van Wolferen', Johannes T. Marcus’, Anco Boonstra®', Koen M.J. Marques®,
Jean G.F. Bronzwaer>, Marieke D. Spreeuwenberg®, Pieter E. Postmus',
and Anton Vonk-Noordegraaf'®

* Primeiro estudo de progndstico na HTP a
utilizar a RMC.

* Demonstrou a importancia das dimensoes
biventriculares indexadas no outcome dos
doentes com HAP idiopatica.

64 patients

Baseline measurements

Catheterization
Cardiac MRI
6 MWT

N

54 survivors

1 year follow-up measurements

10 deaths

Catheterization
Cardiac MRI
6 MWT

45 survivors

Figure 1 Study profile.

9 deaths

|

19 deaths
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Hazard 95% CI
Variable ratio Lower  Upper P Variable Hazard 95% Cl
ratio  Lower Upper P
Age —— 1.51 0.61 3.81 0.363
Gender —_— 1.90 0.70 7.41 0.169 EMWT &— 028 009 1.18  0.087
NYHA functional class & | 2.96 1.34 15.8 0.015 Mean RA pressure —_—— 5.06 1.85 12.9 0.049
6MWT @ 0.33 0.15 0.93 0.036 Mean PA pressure ——— 0.81 0.21 3.08 0.745
Mean RA pressure —_—- 2.85 1.15 7.28 0.024 PVRI —_— 451 1.76 11.9  0.050
Mean PA pressure  —8—— 1.03 041 260 0841 Cardiac index @—— 034 010 144 0158
_PVRL—— 25 102 636 0045 Stroke volume index 8- 014 006 085 0027
Cardiac index @— 0.41 0.17 1.04 0.060:
Stroke volume index @~ 032 013 083 0018 , Hoert rta B 098 026 368 0874
Heart rate P 1.96 0.81 5.45 0.129 Mixed venous O, saturation @— 0.23 0.08 1.36 0.126
Mixed venous O, saturation @ 0.34 014 088 0.026 Cardiac index (MRI) @— 016 007 100 0.051
Cardiac index (MRI) @— 0.43 0.18 1.09 0.076 Stroke volume index (MRI) ®- 0.10 0.04 0.59 0.006
Stroke volume index (MR e 0.32 0.13 0.84 0.019 RV mass index =t 212 0.56 7.79 0.274
mass index ———®—— 243 0.96 6.00 0.060 LV mass index ——— 0.68 0.18 2.54 0.558
LV mass index @1 0.59 023 146 0246 RV wall thickness =~ +—#———— 284 078 7.25 0107
RV wall thickness 079 030 197 059 LV wall thickness -— 054 013 231 0410
LV wall thickness 0.69 0.27 1.72 0.409 RVEF o= 0.12 0.05 0.73 0.015
AVER 0o2 0zl 128 0151 LVEF -#— 055 015 210 0394
LVEF 0.65 0.26 1.62 0.354 : . . }
RVEDVI — 4.20 131 830  0.011 RVEDVI . » 669 191 154 0037
LVEDVI e 0.31 013 081 0.016 LVEDV] & 013 006 077 0019
— | — | — 1 T | L L L L
012345678 910 012345678910
Hazard ratio Hazard ratio
Figure 2 Univariate analysis of potential predictors of mortality in IPAH at baseline. Figure 3 Univariate analysis of the change in variables after 1-year follow-up as potential predictors of mortality in IPAH.

Em analise univariada

*VTD (VD) indexado
*VTD (VE) indexado Preditores progndsticos de mortalidade
*Volume sistdlico indexado

(e suas variacdes apds 1 ano de follow-up)
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Variable Baseline Follow-up
Hazard P-value Hazard P-value
ratio ratio

SVI (CMR) (mL/m?) 0.764 0.892

RVEDVI (mL/m?) 1.610 1.046

LVEDVI (mL/m?) 0.705 0.912

Em analise multivariada

*VTD (VD) indexado
*VTD (VE) indexado Preditores independentes de mortalidade

*Volume sistélico indexado
(e suas variacdes apds 1 ano de follow-up)
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[<> Novos Insights na fisiopatologia da HTP

Table 4 New Insights Provided by CMR

INSIGHT CMR METHOD
Early Changes
PA stiffens before pulmonary artery pressure increase at rest Distensibility of pulmonary arteries

Ventricular Remodeling and Dysfunction

LV mass is lower in patients with chronic thromboembolic disease but normalizes LV mass
post-pulmonary endarterectomy

Interventricular dyssnchrony and septal bowing in PAH is due to slower contraction for Tagging
the RV than LV

Cardiac Ischemia

Both ventricles display attenuated vasoreactivity proportional to mPAP Adenosine Stress Perfusion
RV Metabolism
Bosentan improves RV energetics 31P-NMR spectroscopy

Ventricular-arterial Decoupling in PH

Disconnect occurs since increases in arterial load are far greater than those in Volumes combined with invasively derived
contractility pressure loops/pressures

“It is a flexible research tool which has opened new avenues for

understanding treatment effects, outcomes and pathogenesis”.
William M Bradlow
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