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RV physiology
• Lower O2 requirement than the LV -

less myocardial mass

• Perfusion via 2/3 RCA, 1/3 LCA

• RV perfused in both systolic and 
diastolic phases (unlike LV)

• Wraps around LV

• 25% of contraction generated by LV 
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RV is sensitive to preload changes over time

• Manifests during
haemodynamic instability 
due to other causes (IPPV, 
sepsis…)

• Risk of haemodynamic
collapse during rapid
volume expansion in 
preexisting RV dysfunction
on IPPV

• SSC 30 ml/kg over 3h……?!

(Via G, Price S: Ultrasound J, 2011)



Importance of CVP (and pressure curve) 
1.) Diagnosis of obstructive shock
2.) Right heart: 

- Significant TR
- RV function and response to fluids

3.) Dynamic monitoring of fluid challenge
4.) ScvO2 , cvpO2 (cvpO2 correlates better with cvpO2 than ScvO2
and SvO2 (Kazda A et al, 1998)
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IVC diameter: RV and preload

IVC collapse of at least -13% in inspirium (mandatory IPPV) 
predicts PAvti response to volumexpansion with 94% specificity 
(Barbier C: Intensive Care Med 2004; 30: 1740-1746)

Otto C: Practice of Clinical Echocardiography, 2012



RV inflow: 2D
• RA filling: IVC and hepatic

veins
• dilatation – not dependent on 

ventilation modality
• RA Pressure: 2D a M mode 

IVC 
• RA size: Up to 38 mm (28-

53mm), RA area: <20cm2

• IA septum: medial-RA, mid-
systolic shift to LA, impact of 
respiratory cycle (IPPV)

• Permanent bowing into RA 
implicates LAP>15 mmHg
(Royse C, 1994 and 2014)

• IA septal aneurysms/defects
• LA-RA
• RV overload, PH, RVF












RV inflow: TR
• Flattening or reversal of S wave
• Sig. reversal > 0.3-0.4 m/s
• In relation to severity of TR 

S D D

S

• Hepatic veins
• S wave, D wave
• small reversal

between them
(TV annular
recoil)

• A wave as 
systolic reversal 
in atrial systole 
(IV phase of 
diastole)



RV inflow: VexUs score

• Assessment of venous
congestion related to RV inflow

• Renal and splanchnic DO2/VO2

• Impact on intestinal
microenvironment and PK/PD  



RV assessment by echocardiography

• Basal (tricuspid) and midventricular
taken in A4C

• Parasternal RV inflow underestimates –
foreshortening

• RV EDA / LV EDA < 0.6
• Moderate dilatation 0.6-1.0 
• Severe > 1.0
• TV anulus closer to apex than mitral
• Contractility essentials

• Apical kinetics (LV !)
• Free wall contractility
• Longitudinal contractility



RV outflow: contractility
• RV_EF: linear relationship to survival on IPPV 
• RV_EF: impact on outcome in CHF with CAD
• RV function - prognosis in CHF on LVAD and HTx
• RV function - prognosis in chronic pulmonary 

disease (e.g. COPD in ICU care)
• RV function predicts exercise capacity (6min WT) 

and survival in PH
• RV contractile reserve - 1-year outcome in  

dilated cardiomyopathy

Circulation, 2008, EHJ 2005, Nature Reviews, Cardiology 2010



RV on IPPV and prognosis

11

• 948 echo reports/281 patients
• RD dysfunction: TAPSE<16 mm, HR 1.20
• RVF: RV dilatation + CVP>8 mmHg/IVC dilated, HR 1.56
• ACP: LVEDA/RVEDA>0.6, PSM, HR 2.09



RV contractility and sensitivity to afterload
• RV cycle with limited isovolumic stage…. x LV
• PA functional reserve: -30-50%
• PAP up to 40 mmHg tolerated without previous adaptation: dilated

RV, prolonged isovolumic contraction
• Increase of RV afterload, tendency for ischaemia:

• Diastolic perfusion only
• Increased myocardial mass (chronic)

• Ees /Ea RV between 1.5-2 (x LV 0.9-1), RV-PA coupling: TAPSE/PAPs > 0.63- 0.47 mm/mmHg

• RV-PA uncoupling Ees/Ea ……..TAPSE/PAPs …… ≤0.4 mm/mmHg



IPPV: dynamic and static power delivered to 
the cardiorespiratory system

IPPV = mechanical power

• Vt (exponential2)
• ΔPaw (Pplat-PEEP) 

(exponential2)
• Flow (exponential2)
• PEEP (exponential1.4)
• RR (linear)

….mechanical damage to lung
• Lung size (small with

lower threshold..)
• Edema, inflammation
• Inhomogenity (main

factor for VILI !) 
• Perfusion
• pH, pCO2, pO213



Extremes of IPPV: Are worshippers of LRM chasing a 
right physiology model ? 
Baby lung
- Animal model of surfactant removal 

(lavage with a detergent)
- Dominant collapse of the distal bronch. 

tree – in contrast to inflammation and 
edema

- Weight not increased, size reduced….
- Responds to LRM
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Inflammatory ARDS
- ARDS induced by oleic acid
- Inflammation of lung parenchyma –

distension rather then a collapse
- distal bronch tree filled with hemorh. fluid
- Weight increased
- No response to LRM 
- LRM blows up the less affected lung 

regions, Vd increases
- Dramatic impact on pulmonary perfusion

and RV afterload



RV, pulmonary circulation and splanchnic perfusion
were NOT an endpoint in any lung recruitment study (!)
• AlVEOLI
• LOVS
• ExPress
• Pharlap
• EPVEnt 2
• ART

• Brun-Buisson C, et al. ALIVE Study. INT CARE MED 2003



Aggresive IPPV in ARDS: risk of RV failure
- typically in predisposed patients

• ACP up to 33% (Jardin F,  Intensive Care Med 2007) 

• Pplat < 27 mbar only 13%
• ACP 22% (ΔPaw 18±5 vs 16±5 mbar) (Mekontso-Dessap, Intensive Care Med 2016)

• Survival on IPPV linearly related to EF_RV (Steltzer H: Anaesthesia 1994)

• ACP and RVF as an indication to VA-ECMO…. 
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N = 352 ARDS patient (1980-2006), 101 ACP cases

Pplat (cmH2O)

%

Jardin F, Vieillard-Baron A. INT CARE MED 2007
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IPPV, RV and kidney function
• Days of IPPV bound to ARF/RRT and outcome in Covid-19

• PEEP+volume expansion+neurohumoral effects
• Role of CVP and Echocardiography+CUS in IPPV setting

• VV-ECMO may alleviate aggressive IPPV and PEEP – splanchnic perfusion

P=0.003



PPV interpretation in severe RV 
dysfunction…..
• 1.) decrease of RVEF and increase of RVEDV

with RV dilatation
• 2.) Permanent increase of PVR leads to acute cor

pulmonale: 
• a.) RV dilatation (RVEDA/LVEDA>0.6)
• b.) paradoxic septal motion

• 3.) increase of CVP  
• 5.) decrease of SV and CO 

• pulsus paradoxus
• dDown Effect (Pp, BPs variation)

Inspirium (PSV)






48y male drinker, intubated for hypoxia

• Pneumococcus
• SIMV, Pplat 32, PEEP 14, f 24/min, I/E 1/1.5, FiO2 0.80
• Bilateral CDs: drainage 12F L 450 ml and 20F R 950 ml 
• Septic shock, NAD 0.45 ug/kg.min, lactate 2.8 mmol/l
• Persisting requirement for high FiO2 

• LRM 44 mbar/PEEP 20 mbar/40 min..18 mbar/3h
• Remaining on Pplat 36, PEEP 16, f 20/min, I/E 1/1.2, 

FiO2 0.50….NAD 0.75 ug/kg.min, lactate 6.2 
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• FiO2 0.45, improved gases and X-ray……..…..
• Sinus 120/min, NAD 0.85 ug/kg.min, lactate 6.8 mmol/l, CO 6.4 l/min
• Hypoglycaemia, bilirubin 65 umol/l, AST 20.5, ALT 18.5 ukat/l….
• ARF, start CRRT  






LRM induced RV failure and ARF (+16h)
• Pressure/volume overload of the RV
• Signs of ACP, no PH (CVP 18 mmHg + 17 mmHg TRcw)
• RV/PA uncoupling: TAPSE/PAPs 5/17 = 0.29 mm/mmHg
• Liver congestion in primary steatofibrosis
• Ventilator induced cardiorenal syndrome, CRRT + RCA…. 
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• VExUS without
echocardiography ? 









Lung recruitment maneuver - if ever, then always with echo !

• Decreased EI (D2/D1)= RV pressure overload, risk of ACP, diastolic LV failure
• Decrease of SVRV and LV preload reduces SV and CO by 50%, MAP by 20% 

(Nielsen J: Intensive Care Med 2005)
• +16h:…BIPAP, Pinsp 24, PEEP 8, f 18/min, IT 1.3s, 

FiO2 0.65, PSV 12 mbar, Vt 570 ml

• Weaned via PSV, extubated day 5.

• Off CRRT on day 6., regained renal functions

• Discharged day 7.






• Dilated RV and PH in 31-39%
• Related to mortality, OR 4.5, p=0.005

• (Argulian E, JACC 2020, 13:2459-60) 

• SV arrhythmias in 44% ICU patients
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RV echocardiography parameters as an indication to 
earlier VV-ECMO instead of later VA ? 

• No relation between right heart
echoparameters and ELSO oxygenation/ 
ventilation criteria for VV-ECMO

• Progression of ACP towards a need for 
VA-ECMO not desirable in ARDS with
higher BMI  
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Thank you for your attention !
Complex Cardiovascular Center
1St. Medical Faculty of Charles University, 
General University Hospital

U nemocnice 2; 128 08, Prague 2, EU
T: +420 224 962 243
F: +420 224 962 118
E: martin.balik@vfn.cz
www.karim-vfn.cz
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