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Classificacao da Hipertensao Pulmonar

1. Hipertenséao arterial pulmonar

- Idiopética 3. HP por doenca pulmonar e/ou

» Hereditaria
* Drogas e toxinas
* Associada a
doenca do tecido conjuntivo

« DPOC
 Doenca pulmonar intersticial
« Outradoenca pulmonar

HIV/SIDA - Patologiarespiratoria do sono
« Exposicao cronica a elevada

hipertensao portal
shunt sist-pulmon congénito _
shistosomiase . HP tromboembdlica cronica

anemia hemolitica créonica

« HP persistente do RN . HP por mecanismo desconhecido
ou multifactorial

Doencas hematoldgicas
 Doencas sistémicas, sarcoidose
« Doencas metabdlicas

« Outras

1” DVO e/ou Hemangiomatose Cap

2. HP por doenca coracao esquerdo
* Doenca sistdélica VE

* Doenca diastélica VE

* Doenca valvular




Definicao
Epidemiologia
Fisiopatologia
Diagnostico

Tratamento

AE OU




Definicao
> 3 meses anticoagulacao oral

PAPm > 25mmHg, PCWP <15 mmHg (HP pré-capilar)
+

1 ou mais defeitos de perfusao por multiplos trombos
organizados nas artérias pulmonares elasticas



Epidemiologia

Incidéncia de TEP 20 por 100.000 habitantes
Doenca tromboembdlica cronica (DTEC) em 0.57-3.8% TEP
Incidéncia tedrica anual 28 casos/milhdo de habitantes?

1/3 doentes com DTEC sem episddio clinico agudo prévio de
TEP = doenca subdiagnosticada

Pengo V. Thromboembolic Pulmonary Hypertension Study Group.
Incidence of chronic thromboembolic pulmonary hypertension after
pulmonary embolism. N Engl J Med 2004

Becattini C. Incidence of chronic thromboembolic pulmonary
hypertension after a first episode of pulmonary embolism. Chest 2006



Factores de risco

Esplenectomia

Neoplasia

Shunt ventriculo-auricular

Doenca inflamatoria intestinal
Terapéutica substituicao tiroideia
Sindroma Ac anti-fosfolipidico (20%)
Grupo sanguineo nao-0

PMD com infeccao/ CVC implantado

Metha s, et al. Diagnostic evaluation and management
of chronic thromboembolic pulmonary hypertension: a clinical
practiceguideline. Can Resp J. 2010 Nov-Dec;17(6):301-34"



Fisiopatologia

1. OBSTRUCAO EMBOLICA DOS VASOS
PULMONARES DE MAIOR CALIBRE
Fibrindlise ineficaz (resolucao
trombodtica incompleta e
organizacao/endotelizacdo do
trombo)

2. ARTERIOPATIA DE PEQUENOS VASOS
Trombose in situ

Hipertrofia da média e
hiperplasia da intima

LesOes plexiformes

Doenca vascular pulmonar dupla

Piazza G, et al. CTEPH - Current Concepts. N Engl J Med 2011

Proc Am Thorac Soc 2006;3:564-7



Histopatologia

Trombo organizado Lesé&o plexiforme

Adaptado de Piazza G, et al. CTEPH - Current Concepts. N Engl J Med 2011



1. SUSPEITA
clinica
ecocardiografica
imagioldgica

2. CONFIRMACAO
hemodinamica

anatomica

V 4 °

Diagnhostico

ALGORITMO SCAR

A. Suspect

Echocardiogram

VQ scan

B. Confirm

Right heart catheterization
Angiogram (or CTPA, MRA)

C. Asses Risk

Hemodynamics
Comorbidities
Surgeon/CTEPH team experience

Kim et al. JACC Vol. 62, No. 25, Suppl D, 2013
December 24, 2013:D92-9




Diagnostico

As diferentes técnicas de imagem sao complementares:

* Cintigrafia de V/Q pulmonar recomendada para screening

(sensibilidade superior a angio-TC) e se normal exclui DTEC

* Angiografia pulmonar “gold standard” (recurso mais

importante para avaliacao de operabilidade)

* AngioTC MS e angioRM podem vir a ser superiores as técnicas

convencionais na avaliacao da DTEC
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Tratamento

MEDIDAS GERAIS
Correccao de hipoxémia
Anticoagulacao oral
Diuréticos
Digoxina ?

Filtro veia cava inferior ?

TRATAMENTO DIRIGIDO

Curativo/ potencialmente
curativo = normalizacao
hemodinamica e recuperacao
funcional

Paliativo/ vasodilatador
especifico 2 melhoria da
qualidade de vida
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Tromboendarterectomia Pulmonar

e Curativa/ potencialmente curativa = abordagem terapéutica
gold standard

 >5000 procedimentos
 Mortalidade peri-operatodria (30d) 4-7%

* Melhoria clinica, ecocardiografica e hemodinamica imediata
(reducao 70% RVP)

 Normalizacdo/ melhoria substancial das trocas gasosas, FVD,
capacidade funcional e qualidade de vida

e HTP residual pds EAP (5-35%)



Principios Orientadores da EAP

Doenca bilateral 2 endarterectomia bilateral (esternotomia
mediana)

Paragem circulatoria para visibilidade perfeita e
endarterectomia completa bilateral

Paragem circulatodria limitada a periodos de 20 min, com
restauracao de fluxo entre cada paragem de 20min (cirurgiao
experiente — 20min/pulmao)

Bypass cardiopulmonar e hipotermia profunda para permitir
paragem circulatoria

Verdadeira endarterectomia = plano de disseccao ao nivel da
média desde tronco proximal até aos vasos distais



Tromboendarterectomia Pulmonar

Opcéao terapéutica de primeiralinha na doenca
tromboembdlica cronica






UCSD OPERATIVE CLASSIFICATION

Type 4




Tratamento

Tromboendarterectomia pulmonar

Critérios de seleccéao

Classe funcional Il, lll e IV

RVP pré operatoria > 300 dyn-seg-cm5
Acessibilidade cirdrgica (artérias principais, lobares,
segmentares proximais)

Auséncia de comorbilidades significativas

Consentimento do doente



Tratamento

Tromboendarterectomia pulmonar

Contraindicacoes

Doenca de pequenos vasos (doenca distal)
Reducao pds-operatoria esperada RVP < 50%

Risco operatdrio inaceitavel



Tratamento

Operavel 2
tromboendarterectomia
pulmonar

N3o operavel/ HP residual

— vasodilatador pulmonar
especifico

(.

Cirurgia contra-indicada

doente nao operavel

(European CTEPH registry
36.6%)

 HP persistente ou residual
pos tromboendarterectomia

(30%)
J

* Ponte optimizacao para
cirurgia?




Tratamento Médico HAP/DTEC

INITIAL THERAPY WITH PAH APPROVED DRUGS

YELLOW: Morbidity and mortality as primary end-point in randomized controlled study or reduction in all-
cause mortality (prospectively defined)

*Level of evidence is based on the WHO-FC of the majority of the patients of the studies.

tApproved only: by the FDA (macitentan, riociguat, treprostinil inhaled); in New Zealand (iloprost i.v); in
Japan and S.Korea(beraprost).

1 Positive opinion for approval of the CHMP of EMA

Ambrisentan [Ambrisentan Epoprostenol i.v.
Bosentan Bosentan
Macitentantt | Epoprostenol i.v.

Riociguatt |lloprost inhaled
Sildenafil Macitentant}
Tadalafil Riociguatt

Sildenafil

Tadalafil

Treprostinil s.c., inhaled+

lloprost i.v. T Ambrisentan, Bosentan
Treprostinil i.v. lloprost inhaled and i.vt
Macitentant}
Riociguatt
Sildenafil, Tadalafil
Treprostinil s.c., i.v., Inhaled+

Bowpostt |
Initial Combination Therapy |[Initial Combination Therapy

JACC Vol. 62, No. 25, Suppl D, 2013
December 24, 2013:D092-9



Tratamento Meéedico DTEC

Indicacao terapéutica

Riociguat (Adempas®) = 1°
farmaco aprovado com esta
indicacao

Potenciador da guanilato
ciclase soluvel (mecanismo

de accao independente da
disponibilidade de NO)

CHEST 1/CHEST 2 = Classe
de recomendacao I/ Nivel
de evidéncia Aou B

Off-label

Inibidores da

fosfodiesterase-5 (sildenafil,
tadalafil)

Antagonistas do receptor da
endotelina (bosentano,
ambrisentano)

Prostandides (iloprost,
treprostinil, epoprostenol)



CHEST-1

Age 18-80 years

Patients with inoperable CTEPH (WHO Group 4,
independently assessed) or persistent/recurrent PH after
PEA

CTEPH was diagnosed using 2 or more of the following
imaging methods: VQ scan, pulmonary angiogram, spiral
CT, MR

6MWD at baseline 150—450 m

PVR >300 dyn-sec-cm—=5 and mPAP 225 mmHg

Patients were excluded from the study if they had received
treatment with ERAs, prostacyclin analogs, PDE5is, and/or
NO donors within 3 months prior to study entry



Angioplastia?

N3o operavel -  Doenca distal
angioplastia por balao? cirurgicamente
inacessivel

* HP persistente ou
recorrente apos EAP

e Experiéncia limitada

Heart 2013;99:19 1415-1420 Published Online First: 11 July 2013
Mizoguchi H et al. Circ Cardiovasc Interv. 2012;5:748-755



Representative angiographic and intravascular ultrasound (IVUS) images of balloon
pulmonary angioplasty (BPA).

Mizoguchi H et al. Circ Cardiovasc Interv. 2012;5:748-755

e

American
” Heart
Association. Copyright © American Heart Association, Inc. All rights reserved.



Representative pulmonary angiograms before and after balloon pulmonary angioplasty
(BPA).

Mizoguchi H et al. Circ Cardiovasc Interv. 2012;5:748-755

% American
Heart
0 Association. Copyright © American Heart Association, Inc. All rights reserved.



Correlation between the number of opened segments and the decrease in mean pulmonary
arterial pressure.
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Mizoguchi H et al. Circ Cardiovasc Interv. 2012;5:748-755
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Representative pulmonary angiograms before balloon pulmonary angioplasty (BPA), after
BPA, and at follow-up.

Before After Follow
(epoprostenol 5 ng/kg/min) (epoprostenol 5 ng/kg/min) (epoprostenol free)

Mizoguchi H et al. Circ Cardiovasc Interv. 2012;5:748-755

% American
Heart
0 Association. Copyright © American Heart Association, Inc. All rights reserved.



ALGORITMO DE TRATAMENTO DTEC

Continue Lifelong Anticoagulation

¥

[Operability Assessment by CTEPH TeamJ
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Pulmonary v
Endarterectomy [Targeted medical therapy }
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| z
Persistent symptomatic REfE"TI for It-mg PTPA?
: transplantation
Kim etal JACC Vol 62, No. 25, Supnl D, 2015 pulmonary hypertension P

Chronic Thromboembolic Pulmonary Hypertension December 24, 2013:.002-8

Kim et al. JACC Vol. 62, No. 25, Suppl D, 2013
December 24, 2013:D92-9



Hospital
Garcia de Orta

S\

Unidade de Hipertensao Pulmonar
Hospital Garcia de Orta



—

10 doentes operados

—

6 doentes recusados -
motivo de recusa

3 doentes elegiveis -
recusam EAP

» 7 doentes “curados’

» 3 doentes HP residual sob terapéutica

* 4 doentes anatomia desfavoravel »
doenca distal

« 2 doentes risco > beneficio

* S0b terapéutica vasodilatadora pulmonar



PULMONARY ENDARTERECTOMY NUMBER 1040

PULMONARY ENDARTERECTOMY NUMBER 1066

PULMONARY | NDARTERECTOMY NUMBER 1074



Conclusoes

Incidéncia de DTEC nao negligenciavel (rastreio em doentes
sintomaticos pos TEP)

Mortalidade elevada sem tratamento
Tromboendarterectomia pulmonar curativa

Terapéutica vasodilatadora pulmonar

Angioplastia por balao?



Maria José Loureiro
Unidade de Hipertensdo Pulmonar | Servico de Cardiologia

Hospital Garcia de Orta | Aimada

/  Hospital 7
Garcia de Orta

loureiro.mj@netcabo.pt Fev
N 2013



SURGICAL TECHNIQUE

- AORTIC AND BICAVAL CANNULATON

- PULMONARY ARIERY VENT

Sie Sor acawes 0t rghit
Polsonary 4 with raction
Potorpes sorta K SV

+ COOLING CORE .EMPERATURE 20° C

- LEFT VENTRIC' R VENT

- AORTIC CROSS _AMP

« MYOCARDIAL P™OTECTION

- SNARING IVC - SVC




SURGICAL TECHNIQUE: SET-UP




SURGICAL TECHNIQUE

V1 SVU & Aorta spread span

* START FIRST WITH THE RIGHT PULMONARY
ARTERY THEN THE LEFT.




SURGICAL TECHNIQUE: RIGHT PULMONARY ARTERY (PA)

h
sopurniad rom the podmonary anery

¢ thromboonbolic matoral (s canefulhy

« ENDARTERECTOMY(BE:1 .cN INTIMA
AND MEDIA) WITH EVERSION TECHNIQUE

* PERFECT VISIBILITY WITH “EEP HYPOTHERMIC

CIRCULATORY ARREST { ~in. FOR
EACH SIDE)




SURGICAL TECHNIQUE: INSTRUMENTS




SURGICAL TECHNIQUE: RIGHT PA

+ PLANE FOLLOWED AND FREED UNTIL IT ENDS
IN A “TAIL”

- A PERFORATION IN SUBSEGMENTAL BRANCHES
BECOMES COMPLETELY INACCESSIBILE AND INVISIBILE

LATER

- ARTERIOTOMY REPAIRE. WITH A CONTINUOUS

6/0 POLYPROPYLENE SUTURE

- HEMOSTASIS

+ CIRCULATION TEMPORARY RESTARTED




SURGICAL TECHNIQUE: RIGHT PA




SURGICAL TECHNIQUE: LEFT PA




SURGICAL TECHNIQUE: LEFT PA




ALTERNATIVE SURGICAL TECHNIQUES

-----



ALTERNATIVE SURGICAL TECHNIQUES
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POSTOPERATIVE CARE

MECHANICALLY VENTILATION FOR AT LEAST 24 HOURS

EXTUBATION ON THE FIRST POSTOPOPERATIVE DAY WHENEVER POSSIBLE

HIGHER TIDAL VOLUMES MINUTE VENTILATION THAN AFTER CONVENTIONAL CARDIAC
SURGERY

MAINTEINED DIURESIS (PATIENT PREOPERATIVE WEIGHT WITHIN 24 HOURS)

MINIMIZE FLUID ADMINISTRATION

HEMATOCRIT LEVEL ABOVE 30%

INTERMITTENT PNEUMATIC COMPRESSION DEVICES
SUBCUTANEOUS HEPARIN ON THE EVENING OF SURGERY

ANTICOAGULATION WITH A TARGET INROF 2,5TO 3




POSTOPERATIVE CARE: VENOUS THROMBOSIS PROPHYLAXIS

-----



COMPLICATIONS
PERSISTENT PULMONARY HYPERTENSION

SODIUM NITROPRUSSIDE, EPOPROSTENOL OR INHALED NO ARE
GENERALLY NOT EFFECTIVE

MECHANICAL CIRCULATORY SUPPORT OR EXTRACORPOREAL
MEMBRANE OXIGENATOR (ECMO) USE NOT APPROPRIATE

« REPERFUSION INJURY: LOCALIZED AND “DRAMATIC” FORM OF
PULMONARY EDEMA

CAREFUL MANAGEMENT OF VENTILATION

FLUID BALANCE (AGGRESSIVE DIURESIS OR ULTRAFILTRATION, HIGH
HEMATOCRIT)

VENOVENOUS EXTRACORPOREAL LIFE SUPPORT (V-V ECLYS)
MORTALITY 30 % (PULMONARY HEMORRHAGE)

« DELIRIUM (CIRCULATORY ARREST TIME >55 min.)
- PERICARDIAL EFFUSION
- ATRIAL ARRHYTHMIAS IN 10 % OF PATIENTS




OUTCOMES: OPERATIVE MORTALITY

Terapia chirurgica dell’ipertensione )
polmonare cronica tromboembolica mediante
endoarteriectomia polmonare

Andrea Maria D' ArminilG Ital Cardiol 2006; 7 (7): 454-463)

Tabella 6. L'endoarteriectomia polmonare nel mondo.

Anno N. pazienti PVR (dynes*s*cm-) Mortalita
Preoperatorie Postoperatorie %
Mares et al.** 2000 14 1334 + 135§ 759 £ 99 21
Mares et al.* 2000 33 1478 + 1078 075 +03 0
Rubens et al.* 2000 21 765 + 372 208 £ 92 5
D’ Armini et al.* 2000 33 1056 + 344 196 + 39 9
Masuda et al.*® 2001 50 869 + 299 344 + 174 18
Tscholl et al.*’ 2001 69 088 + 554 324 + 188 10
Hagl et al.** 2002 30 873 £ 248 200+ 117 10
Jamieson et al.'® 2003 500 893 + 444 285 + 215 4,488
Dartevelle et al.** 2004 245 1206 + 61 ND 109
D’Armini et al.¥ 2005 134 1149 + 535 322 +£229 0.8888

ND = Non disponibile; § resistenze vascolari polmonari indicizzate; §§ ultimi 500 casi: §8§§ 4.5% nel 2004.

LY




OUTCOMES 1

Outcomes of pulmonary endarterectomy for treatment of
extreme thromboembolic pulmonary hypertension

Patncia A. Thistlethwaite, MD, PhD, Aaron Kemp, BA, Linghng Du, MD, Michael M. Madani, MO, and
Swan W. Jsmieson, MB, FRCS

TABLE 2. Comparison of perioperative hemodynamic parameters

All patients Group 1: PAS =100 mm Hg Gromp & PAS =100 mm Hg

Variable in = 743} {n = 85 {n = 678} P value®
Moan decrease in PAS (mm Ha) 291 +1497 K05 = 187 7 =186 040
Mean decrease in PAD (mm Hgl 104 =103 182 =103 9F =419 A5T
Moan decrease in PVR (dynes - sac - cm ) RITE = 2938 267 = 5111 BG4 = 3601 0oz
Mean increase in CO (L'min} 154 = 1.57 152 =147 155 = 1.58 500
Mean decrease in tricuspid regurgitant velocity (MYs] 116 = 0LED 186 =034 1.1 =078 442

vascular resistance; 00, cardiac owtput. * P value compares groups 1 and 2.

Data gre shown as means = standard deviation. PAS, Pulmonary artery systolic presswre; PAD, pulmonary arery diastolic pressure; PYA, pulmonary

Conclusions: Pulmonary endarterectomy can be performed safely in patients with
severe thromboembolic pulmonary hypertension. The magnitude of preoperative
pulmonary artery systolic pressure or pulmonary vascular resistance is not a con-
traindication for surgical intervention. Indeed, patients with extreme pulmonary
hypertension might benefit the most from this operation.




UCSD OPERATIVE CLASSIFICATION




UCSD OPERATIVE CLASSIFICATION

Type 4




UCSD OPERATIVE CLASSIFICATION

« TYPE I:

« TYPE II:

« TYPE IlI:

« TYPE IV:

-----




OPERATIVE CLASSIFICATION: TYPE Il and IV vs TYPE | and Il

-----




OUTCOMES

Outcomes of Pulmonary Endarterectomy Surgery

Patricia A. Thistlethwaite, MD, PhD. Michael Madani, MD.
and Stuart W. Jamieson. MB., FRCS

'Semin Thorac Cardiovasc Surg 18:257-264 © 2006

Tatis & Thrombosmboiic Clacsification—Hemogynamic Resuts
All Pationts Type 1 Type 2 Type 3 Typc 4 |
Variable n =056, 100%) (n =372, 38.0) (n=-415,43.49% (m~ 152 15.0% |(n - 17, 1.8%)
PVR (gynes-seccm®l  BE1.3 = &30.1 9248 = 4439 THME=4174 8782 = 453.9 340.6 = 4247 |
28890 = 1965 2711 = 1803 2730 = 1977 3443 £ 1845 G046+ 3882
CO L/mnd 40x14 37214 41=13 40=15 37=11
55=15 55=15 §5=15 5314 47=12
Systolic PA pressure T6.1=x 184 w9 =178 7S4=104 O =179 7881810
(mm Hg)
4882167 &S0=154 452 =153 523 =168 TE.1 =340
Deactolic PA prossure 200+98 301 207 270 =10 259 333=104
(mm
o IB6=T74 17968 18.1 =69 20480 264+ 135
Msan PA pressure 64112 o110 &E4=118 46.7 = 106 506111
(mm Hgl
285=97 275290 278=903 3HA=99 447 = 151
Mortaty 4714 14G8 19@.8 1W0Ea 42319
Onts are thoen a2 means > standard devten or nusber Top mumbers are precperstve ‘aluer and bottom numbere are
poxtaperatve wakses obtxnad st prior 1o remaval of the Swan-Cans catheter, VR, pulmonary casculsr rasistance: 00, carsine output: FA,
puimenary artery.

However, despite [avorable results in our senies of over
2000 pulmonary endarterectomies performed over the last
36 years (1849 operations in the last 15 years), we have come
to realize that 3 small subset of patents do not benelit from
this operation, as they manilest solely arieriolar-capillary vas-
culopathy similar to idiopathic pulmonary artenal hyperten-







-----



CONCLUSIONS

THE THREE MOST IMPORTANT DETERMINANTS OF
CARDIAC SURGICAL OUTCOMES
(“ESPECIALLY PTE”) ARE:

1.

“A Heart Surgeon’s little instruction book”

-----



PREOPERATIVE IMAGING EVALUATION







