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RHF syndrome is characterised by the 
inability of the RV to generate enough stroke 
volume, thereby resulting in systemic venous 
congestion, underfilling of the left ventricle 
and, in the most advanced cases, CS shock.  
RHF portends a poor prognosis in almost 
every clinical scenario.  
Although the aetiologies of RVF are diverse, 
treatment often involves simultaneous and 
timely execution of multiple strategies 
aimed at optimising RV preload, afterload, and 
contractility. Amelioration of the primary driver 
of RVF when feasible are desirable.  
Timely institution of MCS can offer a bridge to 
RV recovery or to definitive management of 
the underlying cause. 

INTRODUCTION 



Spinar et al. Critical Care 2011 15:R291 doi:10.1186/cc10584 

EPIDEMIOLOGY 

Right heart failure as the primary presentation of acute decompensated HF 
and cause of hospitalisation accounted for 2.2% of HF admissions in the 
CHARITEM registry; however, it was present as secondary to acute LV failure 
in more than one fifth of the cases. 



Right Ventricular Function in Cardiovascular Disease, Part II, Volume: 117, Issue: 13, Pages: 1717-1731, DOI: 
(10.1161/CIRCULATIONAHA.107.653584)  

Failure to adapt acutely results in rapid RV 
dilatation and dysfunction which is clinically 
manifest as hypotension and cardiogenic 
shock. On the other hand, when pulmonary 
arterial pressure (PAP) rises more 
gradually, the RV dilates using Starling’s 
law to preserve flow output.  
Usually, RV function is maintained until 
late stages of the disease.  
Eventually, the RV fails, becomes more 
spherical, tricuspid regurgitation ensues 
causing more right heart failure and a spiral 
process develops ending in venous system 
congestion. 

PATHOPHYSIOLOGY 



Many a time the right ventricle (RV) is 
regarded as the “younger brother” of the 
left ventricle (LV) and is treated as a less 
important member of the contractile 
apparatus.  
This view stemmed from the concept that the 
RV functions rather as a passive conduit and 
its importance is not great as it pumps blood 
to only one organ, the lungs.  
 
However, the circulatory system is a closed 
one and both ventricles are interdependent, 
working together in an orchestrated complex 
pattern in health and disease.  
The failure of one ventricle deleteriously 
affects the performance of the other.  

Sanz J, Sánchez-Quintana D, Bossone E, Bogaard HJ, Naeije R. Anatomy, Function, and Dysfunction of the Right Ventricle: JACC State-of-the-Art 
Review. J Am Coll Cardiol 2019;73:1463-1482. 



 RV has historically received less attention than its 
counterpart of the left side of the heart, yet there is a 
substantial body of evidence showing that RV size 
and function are perhaps equally important in 
predicting adverse outcomes in CV disease.  

 RV dysfunction is associated with excess morbidity 
and mortality in patients with chronic left-sided HF, 
AMI (with or without RV involvement), PE, PAH, CHD.  

 RV has a unique crescent shape, which adds 
complexity to the quantification of its size and 
function. This chamber plays an important role in the 
morbidity/mortality of patients presenting with signs 
and symptoms of cardiopulmonary disease.  

 Advances in noninvasive imaging of the RV have 
yielded insights into the pathophysiology of this 
complex and once elusive chamber. 

Lang RM, Badano LP, Mor-Avi V, et al. Recommendations for cardiac chamber quantification by echocardiography in adults: an update from the 
American Society of Echocardiography and the European Association of Cardiovascular Imaging. J Am Soc Echocardiogr. 2015;28(1):1. 
Haddad F, Hunt SA, Rosenthal DN., et al. Right Ventricular Function in Cardiovascular. Disease, Part I. Anatomy, Physiology, Aging, and 
Functional Assessment of the Right Ventricle. Circulation. 2008;117:1436-1448. 



1. The right atrium transmits and 
pumps blood across the TV into the 
right ventricle (RV), which then 
ejects the stroke volume through 
the pulmonic valve and into the 
main pulmonary artery.  

2. In the absence of shunt, forward 
stroke volume of the right heart is 
obligately equal to that of the left. 

3. Anatomic and physiologic features, 
coupled with the less accessible 
retrosternal position of the RV, have 
resulted in many challenges in the 
noninvasive evaluation of RV size 
and function by echocardiography. 

Lang RM, Badano LP, Mor-Avi V, et al. Recommendations for cardiac chamber quantification by echocardiography in adults: an update from the 
American Society of Echocardiography and the European Association of Cardiovascular Imaging. J Am Soc Echocardiogr. 2015;28(1):1. 
 

RV ANATOMY AND PHYSIOLOGY 



Florence Sheehan, and Andrew Redington Heart 2008;94:1510-1515 
Haddad F, Hunt SA, Rosenthal DN., et al. Right Ventricular Function in Cardiovascular. Disease, Part I. Anatomy, Physiology, Aging, and Functional 
Assessment of the Right Ventricle. Circulation. 2008;117:1436-1448. 

1. The RV loosely resembles a pyramid and is 
composed of three portions: the inlet, the 
body, and the outflow tract. Contraction is 
generated by a deep layer of longitudinal 
fibers that result in longitudinal (base to 
apex) shortening, and a superficial layer of 
circumferential fibers that result in inward 
thickening.  

2. The RV lacks a third layer of spiral fibers 
as seen in the left ventricle. 

3. The RV end-diastolic volume is slightly 
larger than that of the left ventricle, and as a 
result has a slightly lower ejection fraction.  

4. RV ejection is accomplished with a mass that 
is approximately one-fifth that of the left 
ventricle. Accordingly, the RV is well suited 
as a volume pump, but is prone to failure 
when faced with an acute pressure challenge. 

The RV differs from the LV in terms 
of anatomy and physiology 
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RV MORPHOLOGY/FUNCTION 
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D-shaped LV cavity in systole suggests RV pressure overload, in diastole suggests RV volume overload.  

LV Eccentricity Index = D2/D1 



ETIOLOGY 



PAH/CTEPH 



Pulmonary embolism 

Echocardiographic criteria of RV dysfunction 
include RV dilation and/or an increased end-
diastolic RV–LV diameter ratio (in most 
studies, the reported threshold value was 0.9 
or 1.0); hypokinesia of the free RV wall; 
increased velocity of the tricuspid 
regurgitation jet; or combinations of the 
above. 



Heart failure 



Valvular heart disease 
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RV myocardial infarction 

• Right ventricular (RV) ischemia 
complicates up to 50% of inferior 
myocardial infarctions (MI). 

• RV myocardial involvement extent and 
RV function provide strong prognostic 
information in patients treated with 
primary percutaneous coronary 
intervention for AMI. 

• The early recognition of RVMI in a 
patient with acute MI is of prime 
importance, not only for 
prognostication purposes, but also 
because it can guide specific therapy 
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DIAGNOSIS 



Diagnosis of RVF in the ICU 
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Up to 50% of patients with acute myocardial infarction at 
postmortem show RV involvement. RV injury is more common in inferior 
infarcts, but also seen in anterior infarcts. After the acute ischemic event, 
the RV function tends to recover.  
In arrhythmogenic RV cardiomyopathy, newer studies show 
preferential involvement of the RV basal inferior and anterior segments in 
early disease with the LV basal inferolateral segment. Microstructural 
abnormalities precede the electrical phase of the disease, challenging the 
conventional notion of electrical disease preceding structural disease.  
In other nonischemic cardiomyopathies, RV dysfunction (EF ≤45%) 
is present in 35-40% of patients. RV scarring is usually absent.  
In hypertrophic cardiomyopathy, RV myocardial disarray and 
hypertrophy are seen in up to 30% of patients.  
In cardiac amyloidosis, increased RV wall thickness and late 
enhancement are common. RV dysfunction is related to RV amyloid 
deposition and LV involvement.  
In acute myocarditis, approximately 20% of patients have RV free wall 
involvement and RV involvement signals worse outcomes.  
In patients with proven extracardiac sarcoidosis, 15-20% show RV free 
wall or interventricular septum involvement. RV involvement is associated 
with a higher risk for mortality from ventricular tachyarrhythmias. 

Sanz J, Sánchez-Quintana D, Bossone E, Bogaard HJ, Naeije R. Anatomy, Function, and Dysfunction of the Right Ventricle: JACC State-of-the-Art 
Review. J Am Coll Cardiol 2019;73:1463-1482. 
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1. Assessment of the right heart is a critical 
component of every echocardiographic study. 
Measurement of chamber dimensions, evaluation 
of RV systolic function, and estimation of 
hemodynamic parameters (RAP, PASP) should be 
performed. 

2. Following core measurements should be reported: 
 RV basal diameter from the RV-focused apical four-chamber view (normal 

≤4.1 cm), or, if feasible, RV volume from a 3D acquisition.  
 RA volume from the apical four-chamber view using the single-plane 

Simpson’s method.  
 RA pressure from the inferior vena cava size and collapse (3/8/15 mmHg).  
 PASP from the tricuspid regurgitation velocity and estimated RA pressure.  
 RV systolic function using at least one quantitative parameter: tricuspid 

annular plane systolic excursion (TAPSE; normal ≥1.7 cm), tricuspid annular 
velocity (S’) (normal ≥9.5 cm/s), fractional area change (FAC; normal ≥35 
percent), myocardial performance index (MPI; normal ≤0.43 by pulsed 
Doppler or ≤0.55 by tissue Doppler). In addition, 3D-derived RV ejection 
fraction is recommended when suitable technology/expertise is available. 



THERAPY 



Critically ill patients may have reduced 
right heart preload due to volume loss, 
reduced venous tone from medications, 
sepsis or vasoplegia, and positive 
pressure ventilation.  
However, the majority of conditions 
leading to RHF are characterised by high 
RV afterload. In these scenarios, 
reducing excessive RV preload with 
diuretics or haemofiltration is key to 
reducing RV dilatation and free wall 
tension, thereby minimising RV ischaemia 
and optimising contractility. It is generally 
agreed that maintaining a moderately 
high RV diastolic filling pressure of 8-12 
mmHg is optimal in RHF. 



General measures are aimed 
at correcting conditions that 
can increase PVR in critically ill 
patients. These conditions 
include acidosis, hypoxia 
(which causes pulmonary 
vasoconstriction), and 
hypercapnia.  
Lung protective ventilation, 
using the lowest effective 
plateau pressure, tidal volume, 
and positive end-expiratory 
pressure while avoiding 
hypoxaemia and hypercarbia, 
assists with optimising both 
RV preload and afterload. 

THERAPY 



Humbert; NEJM (2004) 
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THERAPY 



Levosimendan, a New Inotropic and Vasodilator Agent Anesthes. 2006;104(3):556-569.  



Because catecholamines increase myocardial oxygen consumption and vasoconstrictors may impair 
microcirculation as well as tissue perfusion, their use should be restricted to the shortest possible duration and 
the lowest possible dose. 

De Backer  D. et al.  Comparison of dopamine and norepinephrine in the treatment 
of shock. N Engl J Med   2010;362:779–789 
. 
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Thiele H. et al. Management of cardiogenic shock. Eur Heart J. 
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Mechanical circulatory support 
devices and treating the underlying 
cause of right heart failure 



The management of isolated 
acute right heart failure remains 
more of an art than a science 
in the absence of robust 
randomised data.  
In addition to (1) treating the 
specific cause, (2) RV 
preload optimisation, the use 
of (3) selective pulmonary 
vasodilators, (4) RV inotropic 
support and (5) temporary 
mechanical circulatory device 
therapy form integral 
components of a comprehensive 
strategy to support the failing 
right heart.  

SUMMARY AND RECOMMENDATIONS 




