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FEEE Introduction
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» RV Dysfunction (RVD): evidence of abnormal RV structure or function,
associated with poor clinical outcomes independently of the underlying
mechanism of disease

» RV failure (RVF): as a clinical syndrome with signs and symptoms of HF
resulting from RVD

» Diagnosis is subtle than overt LV dysfunction, often delayed, which worsens
the prognosis

» Acute RVF is observed in 3%—-9% of acute heart failure admissions, and the
inhospital mortality ranges from 5% to 17% . In the special case of RVF after
LVAD implantation, the prevalence ranges from 9% to 40%
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LV backward failure (pulmonary hypertension
associated with left-sided heart disease)
Pulmonary embolism, chronic thromboembolic
pulmonary hypertension

Pulmonary artery hypertension

(Exacerbated) chronic pulmonary disease
Acute lung injury/acute respiratory distress
syndrome

Sleep-related breathing disorders, obesity-
hypoventilation syndrome

Mechanical ventilation

(Repaired) congenital heart disease with systemic
RV or RV outflow obstruction

Bradyarrhythmia
Tacharrhythmia

( Altered rhythm )

Hypo- or hypervolaemia
LV forward failure
Pericardial tamponade
Mechanical ventilation
Chronic left-to-right shunt

(Abnormal preload

RV ischaemia/RV infarction
RV injury, systemic inflammatory response (SIRS)

AItered interdependence )

Myocarditis

Cardiomyopathies (e.g. dilated cardiomyopathy or ( Reduced contractility J\/ (

hypertrophic cardiomyopathy) Pericardial tamponade

Arrhythmogenic RV cardiomyopathy, Uhl's anomaly Pericardial disease
Septal shift

Arrigo, M., et al., Cardiac Failure Review 2019;5(3):140-6
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Right ventricular dilatation .
/ Worsening tricuspid regurgitation — REE %
Hepatic venous congestion N o=t i3 LIS

he 5th Indone « Tricuspid regurgitation { . :Aefhanical obs:olilction :
. i itati Renal venous congestion pulmonary embolism, pulmonic
:’:ulmom.c o - stenosis, congenital heart disease)
« Congestion from = V el i I
decompensated left heart Increased sodium and fluid retention » Precapillary pulmonary
failure i hypertension i
« Intracardiac left-to-right shunt Increased pulmonary venous pressures and ~Lungs illa anld (i
« Extracardiac arteriovenous o b | i « Postcapillary pulmonary
shunts p lyNasediarcompliance hypertension (left heart disease)
Hepatic venous
Leftward -
septal shift congestion
e Renal venous congestion
Right ventricular - e Adv.
ventricular interdependence DN | K SOd"‘;ml right ‘ M h M I
dilatation o ‘and fluid retention ntric ecnanica
Decreased coronary ) \ ’51 ed y sy |
Worsening : eftward s dIncreas P =
tricuspid perfusion pressure _—— interventricular pulmonary venous and M e c h a n I s m o RV F
regurgitation and worsening ig oo | L septum pressures and fibrosis
myocardial ischemia pentriculag lower pulmonary
dilatation . :
‘ vascular compliance
Thickened ¥ "/
ventricular wall
Houston, B.A., etal., N Engl J
Med 2023;388:1111-25.
« Myocardial infarction « Myocardial fibrosis
« Myocarditis « Sarcomere stiffening
« Post-LVAD or cardiac surgery «—— Increased ventricular interdependence <fmmmm—— |, |nfiltrative cardiomyopathies
« ARVC and other nonischemic « Constrictive pericarditis
cardiomyopathies

 Systemic sclerosis
« Possibly obesity Adverse right ventricular __/
remodeling: hypertrophy and fibrosis
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Causes of Right Ventricular Fallure

Acute RVF Chronic RHF
Volume overload Exacerbation of chronic lung disease and/or hypoxia

Acute left-sided heart failure Chronic pulmonary hypertension (groups 1-5)
LVAD implantation Pericardial disease (constrictive pericarditis)
‘ Pressure overload Arrhythmias (supraventricular or ventricular tachycardia)
Acute pulmonary embolism |, Congenital heart disease (e.g., atrial or ventricular septal defect, Ebstein’s
Hematological disorders (e.g., acute ches_t s;rndrome in 51ckle cell dlsease) '\ § l_anomaly) _J A

‘ Decreased contractility Valvulopathies (e. g tr1cusp1d valve regurgitation, pulmonary valve stenosis)

.. . Cardiomyopathies (e.g., arrhythmogenic right ventricular dysplasia, familial,

Acute myocardial ischemia o ) yop (eg vt & & sp

| 1 idiopathic)

Fulminant myocarditis
Y Myocarditis or other inflammatory diseases

Pericardial disease (tamponade)

Sepsis (can cause increased venous return and volume overload)

Post-cardiotomy shock

Reduced pericardial compliance
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Correlatlon between pathophysiological mechanism and diagnostic tools

emodynamic ‘
me ﬂf(tra
e RV dilatation e Fibrosis e Pressure
e Hypertrophy e Hypertrophy overload
o Systolic/diastolic e Interventricular * Volume overload
dysfunction septum ® RV-PA coupling
flatenning
e Wall thinning
e Angiogenesis
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» Raised JVP * BNP « TAPSE <17 mm * RAP or CVP > * RV Volume
« Ascites + Cardiac « RV dilatation 15 mmHg * RV mass
* Peripheral troponin « RVEDD / VEDD * PAPl:i<1in « RV EF
edema * Lactate >1 acute MI; < 1.85 * RV fibrosis
« Liver congestion » D-Dimer « IVS flattening, in post LVAD « RV volume
« Low cardiac « Liver shift: LV D * RAP/PCWP: > changes and
output state biochemistry shaped 2-866'3? 'acutetMI, intermittent
» Hypoxemia « Renal Function « TR Vel > 2.8.m/s LVAD i mtetrvleﬁtrtltcul_ar
A : septal flattenin
Iz\qcmdrlr?meter g * RV stroke work g o
0 index < 0.25 —
ggl(!zp&bﬂﬂy < 0.30 mmHg.L/m?
. * PA compliance <
FAC <35% 2.5 mL/mmHg
* 3D RVEF <45% « PVR > 3.6 WU
. Eet_)rir(;ar:]dial fluid in post LVAD
* RV Wall
thickness >
5mm
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e Clinical features: blood pressure, peripheraloedema, ascites

* Biomarkers: lactate, renal and liver parameters, BNP, troponin, D-dimer

¢ Imaging: chest X ray, ECHO, CT, MRI (not in urgent setting)
BEIdple)15 | ¢ Invasive monitoring: CVC line and PA catheter

® Sepsis, certain myocardiitides
¢ Acute Pulmonary embolism
* RVinfarction
AR E e Arrythmias
causes * Post LVAD, Heart transplant

* Maintainance of systemic blood pressure (MAP>60mmHg): noradrenaline

¢ Preload optimization: IV diuresis, RRT, cautious filling

* Improve cardiac output: Dobutamine, Milrinone, Levosimendan
0]a1dlaa|PAz1dl6]a] o Afterload reduction: inhaled NO, inhaled PGs

* Need for respiratory support : ECMO, Protek duo, Centrimag
* Only RV support: Impella RP

* RVAD/Heart transplantation if no recovery and no contraindications
Further &) Monteagudo-Vela et al.

escalation J Cardiovasc. Med. 10:998382.
doi: 10.3389/fcvm.2023.998382
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Management of Acute RVF

Severity assessment of RVF ~ €=="1

\ 4 Teeeas
Identification of etiology <
\ J

Multidisciplinary approach
Consideration of transfer to expert center
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- Physical signs
- Biological signs
- TTE

v

Etiological treatment

* Myocardial infarction
- Coronary reperfusion
- Consideration of IV thrombolysis

* Pulmonary hypertension
- Management of comorbidities
- Consideration of prostacyclin analogues

¢ Pulmonary embolism
- Curative anticoagulation
- Catheter-based thrombectomy
- Consideration of IV thrombolysis

* ARDS
- Protective mechanical ventilation
in case of severe hypoxemia
- Treatment of cause (e.g. pneumonia)

¢ Cardiac tamponade
- Pericardiocentesis

v

RVF management

Assessment and optimization of volemia

¢ Multimodal hemodynamic monitoring
eIV decongestion therapy
e Careful IV infusion in case of hypotension

Maintenance of arterial blood pressure

* IV norepinephrine

Improvement of myocardial contractility
Reduction of afterload
* Inotrope / pulmonary vasodilators
- Dobutamine in case of reduced contractility

v

Treatment of consequences of RVF

* Respiratory failure
- Mechanical ventilation

* Renal failure
- Avoidance of nephrotoxic substances
- RRT

* Liver failure
- Avoidance of hepatotoxic substances

- Consideration of PDE3 inhibitors (levosimendan, milrinone)

- Consideration of Inhaled NO, prostacyclin

In case of persistent shock state despite optimized RVF management

Consideration of mechanical circulatory support

HFS 6
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Current Heart Failure Reports (2023) 20:218-229
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Volume optimization

Optimize fluid status:
* |V diuretics if volume overload
* RRT if situation insufficiently managed with diuretics
» Cautious fluid filling if low CVP; avoid overfilling

( Assess RV preload & function )

v

High RV preload
{e.g. CVP > 15mmHg,
RV severely dilated,
TR moderate to severe)

v

\

Consider diuretics
Cave: may worsen RV function

v

Low RV preload
(e.g. CVP < BmmHg,
RV not dilated,

TR mild to moderate)

v

»

\

Volume supplementation
Cave: may worsen RV-function

7

T Wilcox SR, Kabrhel C, Channick RN, 2015. Pulmonary Hypertension and Right Ventricular Failure in Emergency
Medicine, American College of Emergency Physicians

2Kaestner M, et al. Heart 2016;102:ii57—ii66. doi:10.1136/heartjnl-2015-307774
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Acute BV failure

v
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TES
Cardiorespiratory collapse? m
MO *
0 YES
NO
h 4

Establish monitoring, complete differential diagnosis, rule out & treat precipitating factors.
Intra-arterial and certtral venous lines acconding to status of patient. Chest X-Ray, ECG, echocandio-
rapty, blood gases, FBC, LFT, creatinine, urea, Pro-BNP, tropanin, D-dimer, Imaging as indicated.

v

[ Aggess BV preload & function ]

High By preload
&g CVF5 15w
R’v’mnrpﬁ-d.\'arpﬂ.
TR mederate to sedere)

v

|

Consider diuretics

ol
. ]

¥

Laws RY preload
feug. CWP = Bramig,
RV not diated,

TR mild to modarate)

v

[ Walume supplementation

Cane: may worsen By lunction J

b

l'i.'dw-u: iy wiorsen BY-funclion

Adequate CO7

[5BP_S»|:|__ lactate, pH, 5VE, CFP

v

-

Mormotensive, acceptable CPP & 5VE:
Intravenous prastanoids
Altermative: inkabed prostandids
* dobutamine or milrinome
I eefubatedt IO

.

L4

Inadequate response:
Oiptimize medical therapy.
Consider WA-ECHO, surgical
aptions, cathether imentions

Hypotensive, low SWE, high lactate:
Inhaled prostanaids. Add
norepinephrine of vasopressind terlipressin
+1- dobutarnine, epinephrive o milrinone
I Enubated: iNO,

¥
!
Clinical

resporse
—_

Adecuiate respanse

Reevaluats frequently




5%

msnresn  NMAiNtenance perfusion (MAP & ClI)

Sympo:
(afd wwwwww Doll( D ssssss

o @
L Indonesian Working Group
) on Heart Failure
\ / and Cardiometabolic Disease H F s
S R SOCHTY

. Intravenous vasodilators and/or
inotropic support
» PCWP < 18-22mmHg
GOAL: reducing RV afterload, enhancing forward flow, and > CI>2.2 L/min/m2

. . . Vasopressor therapy
augmenting RV perfusion > MAP > 60-65mmHg

unresponsive

F——

e Afterload reduction - correct hypoxemia and acidosis,
NTG or sodium nitroprusside, inhaled and parenteral gf TRt inhaled pulmonsary
epoprostenol and nitric oxide vasodilators if evidence of PAH

mgw . . . = O Tve
® Augment contractility - inotropes (milrinone or g o
dobutamine) Refractory Shock
. . . . . . *  Acute mechanical circulatory
® Maintain perfusion - dopamine, norepinephrine, and support
epinephrine » Assess need for

biventricular support
» Assess oxygenation and
need for pulmonary support
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Establish monitoring, complete differential diagnosis, rule out & treat precipitating factors.
Intra-arterial and certtral venous lines acconding to status of patient. Chest X-Ray, ECG, echocandio-
rapty, blood gases, FBC, LFT, creatinine, urea, Pro-BNP, tropanin, D-dimer, Imaging as indicated.

Adequate CO? *
sBP, SvO,, lactate, pH, SVR, CPP

[ Aggess BV preload & function ]

|
¥ ¥ ¥ ¥
High Ry prelaad Lawe AW prel pad

Normotensive, acceptable CPP & SVR: Hypotensive, low SVR, high lactate: Yo gy o OV < Crrat i
N A B v’mnrpﬁd.\'.a-rpﬂ. AV not dWaded,
Intravenous prostanoids Inhaled prostanoids. Add T+ mederata to o) T8 mild to madbrate)
Alternative: inhaled prostanoids norepinephrine or vasopressin/terlipressin 1 1
+ dobutamine or milrinone +/- dobutamine, epinephrine or milrinone
If intubated: INO If intubated: iINO. Cansier diuretics e [ Valume supplementation
Cane: may worsen By lunction Ll l'i.'dw-u: iy wiorsen BY-funclion
¥
Adequate CO7
58P, 5w, lactate, pH, S, CFR

|
v v

-\ -~

Mormotensive, acceptable CPP & 5VE: Hypotensive, low SWE, high lactate:
Intravenous prastanoids Inhaled prostanaids. Add
Altermative: inkabed prostandids norepinephrine of vasopressind terlipressin
& dpbautanmires or milfnoens 1= dobutarning, epinephrice o m
I eefubatedt IO Ifintubated: iNO,
Yo A e, -
Kaestner M, et al. Heart 2016;102:ii57—ii66. doi:10.1136/heartjnl-2015-307774 s - ¥ §
Inadequate response: fr—————

Oiptimize medical therapy. Clinical Adequate response

CD_‘lsiderV.'\--ECHl;l. surg_iml. FESpOrSe Reavaluaty Fraquantly
aptions, cathether imentions Y
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® Mechanical Circulatory support (MCS) indicated for patient that refractory to optimal medical

management

® Used for bridge to recovery; bridge to heart and/or lung transplantation; or as permanent therapy

Direct RV Bypass

Indirect RV Bypass

Impella RP
Impella RP Tandem RVAD Protek Duo VA-ECMO
Axial Flow Extracorporeal Centrifugal Flow

Konstam, M.A., et al., Circulation 2018; 137(20):e578-e622
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Isolated RV Percutaneous
Failure RVAD

\ ECMO

LVAD alone*
(temporary vs.

. durable)
LV Failure

Total Artificial
Heart

ECMO

A
Right Heart Pulmonary ECMO
Failure Etiology _ y
o lrﬁblaniablgvs:
Percutaneous 1
\ BiVAD
\
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Mechanical Circulatory
Support based on RVF
Pathogenesis

Konstam, M.A., et al., Circulation 2018; 137(20):e578-e622
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® Diuretics
o Maintain sufficient preload
Reduce RV volume overload, ventricular interdependence, and congestion.
Often require high dose diuretics
o Combination therapy loop diuretics with thiazides to-augment natriuresis
® Sodium and fluid Restriction
o Sodium < 3 g/day
o Fluid 1.5 — 2 L/day, when patients had refractory congestion and hyponatremia

(@)

O
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® RAAS-inhibitor, B-Blocker, Hydralazine:
o Not recommended in patients with PH regardless of RHD/RVF, unless
associated with hypertension, coronary artery disease, or LHF
o Although angiotensin-converting enzyme inhibitors (ACEls) have
demonstrated positive impact on filling pressures and end-diastolic volume of
RV, no imprevementin-hemodynamies or exercise capacityis demonstrated

® Digoxin
o Meta-analysis did not find digoxin to be associated with improvement in RVEF,
exercise capacity, or New York Heart Association class

= The function of beta-blockers in RVF improvement is still controversial as also the
use of nesiritide, a BNP, demands more research
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® Pulmonary Vasodilators:
o | RV afterload - 1 outcomes among group 1 PH
Riociguat: 1 exercise capacity and PVR in patients with persistent CTEPH
Prostacyclin analogs:
m  Benefitin PH group |
m Contraindicated in-PH-group.2
o PDES5i:
m Contraindicated in combination with nitrates
m Beneficial in PH group 1
m  Uncertain outcome PH group 2
o ERA:
m Improvements in HF symptoms, exercise capacity, hemodynamics, and time to clinical
worsening in PH group 1
m  Monitor liver function

O

©)
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Table 4. Pulmonary hypertension medications
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Pulmonary Hypertension Medications

Selective pulmonary vasodilators

Clinical application

Observations

Calcium channel blockers

o Nifedipine

e Amlodipine

e Diltiazem

Endothelin receptor antagonists
e Bosentan (dual)

e Ambrisentan (A receptor)

e Macitentan (dual)

Phosphodiesterase 5 inhibitors
o Sildenafil
o Tadalafil
Guanylate cyclase stimulators
e Riociguat

Prostacyclin analogues
o Epoprostenol (I.V., inhaled)
o Iloprost (inhaled)

e Teprostinil (inhaled, SC, I.V.,

enteral)
e Beraprost (enteral)
Prostacyclin receptor agonist
o Sclexipag

IPAH, HPAH, DPAH with positive vasoreactivity
testing
High doses needed (ie, amlodipine 15-30 mg/d)

PAH

L] Improve symptoms, exercise CapaCIty, hemodynarnlcs,
39

and time to clinical worsemng

PAH

Improve symptoms, exercise capacity, hemodyna.rmcs,
and time to clinical worsening (tadalafil) 4!

PAH and CTEPH

o Improves exercise capacity, hemodynamlcs, functional

class, and time to clinical worsenmg -

e IPAH and systemic sclerosis PAH
e Requires continuous infusions
e Improved symptoms, exercise capacity, hemodynamics,

and mortality (epoprostenol)'"*
Long-term efficacy in PAH

e PAH

Reduced phe risk of morbidity and/or mortality
by 40%'*"’

Adverse effects: systemic hypotension and peripheral
edema

Teratogenic effects

Peripheral edema (ambrisentan)
Transaminitis (bosentan)

Important drug interactions

Anemia (macitentan)

Hypotension when used with nitraces
Side effects: headache, epistaxis

Side effects: headache, epistaxis

Inhibit platelet aggregation
Side effects: jaw pain, diarrhea, infusion site pain
Pump and/or insertion site complications

Side effects: headache, jaw pain, diarrhea, nausea

CTEPH, chronic thromboembolic pulmonary hypertension; DPAH, drug-associated pulmonary arterial hypertension; IPAH, idiopathic pulmonary arterila

hypertension; I.V., intravenous; HPAH, heritable pulmonary arterial hypertension; PAH, pulmonary arterial hypertension; SC, subcutaneous.
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If?iif" “m=n Available therapy for RVF

Treatments Therapeutic effect

Diuretics [8] Preload optimization

Nitric oxide [63] Afterload optimization
Resynchronization therapy [63] Ejection fraction

Dobutamine or (dobutamine + nitric oxide) [63] Improved contractility
Anticoagulants [63] Pulmonary embolism

ACEI, ARB [63] Neurohormonal responses
Oxygen therapy, transplantation, RV assist device, ventilation [63] Improvement of cardiac function
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weasi: Chronic RV Failure in Congenital Heart Diseases

No adequately powered clinical trials have been completed for medical therapies in RVF with CHD

® RVF result form pressure and volume afterload can be seen after repair TOF, pulmonary atresia,
Ebstein anomaly, and pulmonary valvotomy for congenital PS

® CRT in CHD: preliminary studies. demonstrated clinical improvement and improvement in RV
function

® Current data do not support the routine administration of standard HF drug therapies to patients with
CHD with either a single RV or systemic RV or in patients with a pulmonary RV at risk for RV failure

® Might require heart or heart-lung transplant
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hhd Surgical Management of RVF with VHD

Sy'ﬂpom
Cardiome le

Pulmonal Regurgitation

® symptoms or signs of RVD have occurred and PR is severe, the setting of severe RV dilation or dysfunction
(cardiac MRI-derived RV end-diastolic volume index >150 mL/m2, RV end-systolic volume index >80
mL/m2, RVEF <47%) or symptomatic atrial and ventricular arrhythmias.

® Current guidelines support surgery for severe PR along with (1) moderate to severe RVD (Class lla; Level
of Evidence B), (2) moderate.to.severe RV enlargement.(Class.lla; Level of Evidence B), (3) symptomatic
or sustained atrial and ventricular arrhythmias.(Class Ila; Level of Evidence C), or (4) moderate to severe
TR (Class lla; Level of Evidence B)

® Transcatheter PV replacement is also now possible

Pulmonal Stenosis

® PS may be treated with either percutaneous balloon PV commissurotomy or valve replacement

® Surgical ther- apy, as opposed to percutaneous therapies, is recom- mended for patients with severe PS
and associated hy- poplastic pulmonary annulus, severe PR, subvalvular PS, or supravalvular PS.
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Tricuspid Stenosis
® Severe TS is generally performed in conjunction with surgery for left-sided
valve disease, most commonly MS - RHD

Tricuspid Regurgitation

® The severity of ;TR affeets-prognosis even when eentrolling for LV
dysfunction or PH. Inia_study'of 56223 patients at 3 Veterans Affairs medical
centers, 1-year survival rates were 92%, 90%, 79%, and 64% in patient
groups with no, mild, moderate, or severe TR, respectively.

e Moderate or greater TR was associated with increased mortality regardless
of PASP or LVEF.

e Severe TR, older age, lower LVEF, inferior vena cava dilation, and
moderate or greater RV enlargement were associated with worse survival.
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Tricuspid Regurgitation

Class lla

I Class I1b

Progressive functional TR Asymptomatic severe TR Symptomatic severe TR
(stage B) (stage C) (stage D)

[ ] | | I

Mild Moderate Functional Primary Reoperation Functional Primary
- Proac /
Attime of left-sided Attime of lefi-sided Progressive RV ' R[L:l:\:j”:{\ Attime of lefi-
valve surgery valve surgery dysfunction PHTN r:“‘ ot sided valve surgery
scvere
Konstam, M.A., et al.,
Circulation 2018; =
1 37(20)8578-6622 TA dilation* PHTN without
TA dilation
TV Repair TV Repair TV Repair or TVR TV Repair or TVR AR RY Rt o

(1la) (11b) m (1ib) m (11a)




5%

The 5th Indones:an

Take Home Message

Diagnosis RVF often missed and delayed which will worsen its prognosis
Diagnostic approach of RVF included clinical sign and symptoms, biomarkers,
echocardiography, hemodynamics parameter, and MRI
Cornerstone management of acute RVF are:

v Establishing diagnosis and treat the specific underlying causes

v Optimalization of volume status

v Maintain perfusion and myocardial contractility
RVF in VHD can be treated percutaneously or surgically depending of cause, severity,
and concomitant lesion
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