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Case presentation

 68 yo female for AVR, MVR

 AKI on CKD III (Cr 1.9), HTN, asthma, NYHA class III-IV, h/o GI 

bleed, severe spinal stenosis

– ECHO: Severe AS.  Normal left ventricle size. Moderate 

hypertrophy. Ejection fraction=55-60%. Moderate diastolic 

dysfunction and elevated filling pressure.

– Pulmonary hypertension. Increased right ventricle size with mild 

dysfunction. Mild tricuspid regurgitation.





Right heart catheterization Data

wedge 20

PAP 50/28 (33)

PA sat 53% 
RAP = 17

Fick CI 0.95 L/min 

TPG = 13

DPG = 8



Gradients

 What does TPG stand for?

 What does DPG stand for?

• mean PAP – LAP (estimated by PAOP)

• PAD – LAP (estimated by PAOP)

• TPG of >12 mmHg is “out of proportion” PHTN; 

not just LV failure
• TPG > 15 relative contraindication to OHT

• DPG >7; not shown to predict post-OHT outcome

Mehra M. J Heart Lung Transplant. 2006;25:1024-42

Tedford R. J Heart Lung Trasnplant. 2014;33:289-97



Post CPB 

TEE: LV EF 

60%, mildly 

reduced RV, 

mild TR. 

Valves ok.

DBA 4 
mcg/k/min

OR record





POD 2

Epinephrine drip added



TTE obtained



RV function

assessments by 

TTE



RV function assessments

 Septal shape

– eccentricity 

index

– D2/D1 > 1

• In diastole = 

RV volume 

overload

• In systole = 

RV volume 

and pressure 

overload



20-40% of RV 

contraction is 

provided from 

LV contraction 

via septum

Wiedemann HP, et al. Heart-Lung Interactions in Health and Disease. 1989:920-926

LV filling is 

impaired by 

a left shift 

of the inter-

ventricular 

septum

Ventricular Interdependence



RV function assessments

 TAPSE (tricuspid 

annular plane systolic 

excursion)

– Normal >20mm

– Angle and load 

dependent

– <8.5mm = RV EF 25%

J Am Soc Echocardiogr. 2010;23:685-713

Haddad S. JASE 2006;19:902



CVVH started.

POD 2

Discussions with daughters to not repeat ACLS.

Patient expired due to complications of RV failure.
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History of the Oft’ “Misunderstood” 

Right Ventricle

1940’s:   
- First PAP and PVR measurements

- Belief that RV simply a conduit 

- Contraction not necessary

- Shrinks in thickness after birth

- Single organ responsibility

Chan C, et al. Clinics in Chest Med 2008;29:661-76
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Starr I, et al.  Am Heart J 1943;26:292-301

 Obliterated RV free 

wall with 

electrocautery

 Minimal change in 

CVP & CO

 But…pericardium 

open…



Perioperative Management of 
Right Heart Failure

Brigid Flynn, MD

Assistant Professor

Department of Anesthesiology

Mount Sinai Medical Center

New York, NY

I have no financial relationship to disclose
I will discuss off label or investigational use 

1971: Fontan procedure

http://upload.wikimedia.org/wikipedia/commons/0/05/Fontan_procedure.svg
http://upload.wikimedia.org/wikipedia/commons/0/05/Fontan_procedure.svg
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Voelkel NF, et al. Circulation 2006;114:1883-91



RV LV

Embryologic origin Cardiac precursor cells in the 

anterior heart field

Heart tube

Transcription factors 

expressed during 

differentiation

dHAND eHAND

Adult thickness 1/3 of LV 0.6-1cm

Shape Triangular/conical spherical

Number of myocyte layers 2 3

Direction of contraction longitudinal torsion, shortening, 

thickening

Moderator band present? Yes (heavy trabeculations) no

Afterload (dyne/s/cm-5) 70 (20-130) 1100 (700-1600)



RV and LV Electrophysiology

 known differences in Ca2+

handling at baseline and 

during pathophysiological 

conditions 

 effects remodeling of 

each ventricle causing 

subsequent impact on 

cardiac arrhythmogenesis

Molina C. Arrhythm Electrophysiol Rev. 2016; 5:14-19

Green = upregulated in RV

Red = downregulated in RV

Black =  similar





Causes of RV failure

Aline, PAC

ventilator

Impella

VA ECMO

CVVH

IV infusions
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Volume Overload

Decreased Contractility

Pressure Overload

RV Infarct
Cardiac tamponade
Cardiomyopathies
Poor RV protection

Sepsis
Post-transplantation

Left-sided failure/valve disease
Pulmonary Embolism
Obstruction of RVOT

Positive pressure ventilation
Pulmonary Hypertension

ARDS
Post-transplantation

Tricuspid regurgitation
Pulmonary regurgitation

ASD
LVAD

Iatrogenic
Carcinoid
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Weber KT, et al. Am J Cardiol 1981, 47:686-95

Failure: RV 

curve starts to 

look like LV 

curve

Normal: RV is 

twice as 

distensible as 

LV

Pressure Overload



Which patient is in RV failure?

A. PAP = 25/15

B.  PAP = 52/30

C. PAP = 80/38

D. I need more data.
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Haddad F, et al. Circulation 2008; 117:1717-31

RV response to afterload:
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Bernstein AD, et al. Ann Thorac Surg 2000;69:823-8

Nashef SA, et al. Eur J Cardiothorac Surg 2002;22:101-5

How do you define the risk attributed to 

RV dysfunction associated with cardiac surgery?

?



Maslow Ad, et al. Anesth Analg 2002;95:1507-18

 Preop RV dysfunction associated with:

- greater duration mechanical ventilation

- increased hospital LOS 

- more frequent and severe LV dysfunction
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Haddad F, et al. J Am Soc Echocardiogr 2007;20:1065-72

 Preop RV dysfunction is significantly correlated to 

in-hospital mortality and/or circulatory failure

 Better predictor than PAP
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Reichert CL, et al. J Cardiothorac Vasc Anesth 1992;6:429-32

 LV failure alone: mortality 20-40% 

 Biventricular failure: mortality 86%



Why is RV failure worse after 
CPB?

 Inflammatory mediators

– Lack of equilibrium between 

NO, prostacyclins, thromboxane A2, endothelin

 Ischemic/reperfusion injury

 Protamine administration

 Pulmonary microembolism (clot or air)

 RV ischemia

 Acidosis, hypothermia, fluid shifts

 Dysrhythmias 
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Unloading of left heart

Ventricular septal shift

Lower septal
contribution 

to RV contraction

RV geometry and 
contractility 

altered

RV Failure after LVAD

More RV volume
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Ochiai Y, et al. Circulation 2002;106:I198-I202

 RV failure requiring RVAD after LVAD occurs in 10-30%

 Associated with high mortality
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Ochiai Y, et al. Circulation 2002;106:I198-I202

Risk Factors for RVAD after LVAD

Heartware BIVAD
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up to 20% of deaths following OHT

J Heart Lung Transplant 2007;26:1233-8
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1. Most common: Donor heart not adapted to 
recipient PH (preexisting or acquired)

2. Marginal organ preservation/long ischemic             
time/reperfusion injury

3. Mechanical obstruction of PA anastomosis

4. Significant donor-recipient size mismatch

5. Acute allograft rejection

Risk Factors for RV Failure after OHT

J Heart Lung Transplant 2007;26:1233-8
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1. Optimize RV preload

2. Increase RV contractility

3. Decrease RV afterload

4. Optimize blood pressure

5. Treat dysrhythmias

6. Mechanical support

How can we manage 

RV failure?
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1. Optimize preload

Michard F, et al. Chest 2002;121:2000-8
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1. Optimize preload

 Problem = RV can accommodate large volume

 ….but less ability to pump it out



CVP?
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2. Increase Contractility

cAMP

β1, 2

cAMP

PDE-3 inhibition

cAMP + Inositol

phospholipid

calcium

Calcium 

sensitizer

+ ATP-dep

K+ channel



2. Increase Contractility:
Dobutamine and Milrinone

 Inodilation and lusitropy

 PAP, PVR, SVR, PCWP

 CO passively decreases PVR:

Ohm’s Law: 

V = IR  

PAP = PBF x PVR

β2, 

PDE-3

β1, PDE-3
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3. Reduce RV afterload:
Pulmonary vasodilators

cAMP
Prostacyclin analogs

Phosphodiesterase-3 Inhibitors: Milrinone

Dobutamine (β2)

cGMP
Inhaled Nitric Oxide

Phosphodiesterase-5 Inhibitors: Sildenafil

Synthetic BNP: Nesiritide

cAMP cGMP

Effects of cyclic AMP and cyclic GMP

Anti-remodelling

Vasodilatory

Anti-inflammatory

Anti-apoptotic

Inotropic



Watanabe H, Internal Med 2004 Oct;43(10):891-3

3. Reduce RV afterload:
Inhaled Nitric Oxide



 Potent pulmonary vasodilator
 cGMP t1/2 is 1 minute; NO action ends when withdrawn

 Affinity of Hb for NO is 3,000 times > O2

 Anti-platelet activity

 Protects K+ channel function

 Improves V/Q matching 
 Effects limited to ventilated areas

 attenuates HPV

 improves oxygenation without increasing intrapulmonary shunt

3. Reduce RV afterload:
Inhaled Nitric Oxide



Argenziano M. Ann Thorac Surg. 1998;65:340-5



Watanabe H, Internal Med 2004 Oct;43(10):891-3

3. Reduce RV afterload:
PDE 5 Inhibitors



PDE-5 Inhibitors 

 Selective decrease in pulmonary-to-systemic 
vascular resistance and increases CO

 No direct anti-platelet effects

 Heightened SNS activity
– PDE6 present in brain causes blue vision



 Sildenafil may provide additional reduction in PAP
Facilitates weaning if iNO and inotropes

Klodell C. Ann Thorac Surg. 2007. 83;68-71



Watanabe H, Internal Med 2004 Oct;43(10):891-3

3. Reduce RV afterload:
Prostacyclin (PGI2) analogs



 Naturally occurring metabolite of arachidonic acid 

 Pulmonary vasodilation, anti-proliferative, anti-platelet

 Iloprost, Ventavis (IV or inhaled)

 epoprostenol, Flolan (IV or inhaled)

 trepostinil, Remodulin, Orenitram, Tyvaso (IV, oral, 
inhaled)

3. Reduce RV afterload:
Prostacyclin (PGI2) analogs



Theodoraki K. Can J Anesth. 2002;49:963-7

 Reduces TPG, mPAP, PVR 

 Improved indices of RV function by echocardiography
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Biondi J, et al. Anesth Analg 1988;76:144-51 

3. Reduce RV afterload:
Effect of Intrathoracic Pressure and PEEP

Increased PAP and RV pericardial pressure



3. Reduce RV afterload:
Acidosis and hypoxia
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Kasimir MT, et al., Eur J Cardiothorac Surg 2004;26:776-781

Pre-operative

3 months

post-lung 

transplant

3. Reduce RV afterload:
Pulmonary disease treated with lung transplant



4. Optimize blood pressure



Hypertrophied RV

Increased wall tension

Increased 

O2 demand
Reduced CPP
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Jeon Y, et al.  Eur J Cardiohorac Surg 2006;29:952-6

4. Optimize Blood Pressure:
Vasopressin vs Norepinephrine

 Vasopressin decreases PVR/SVR 

ratio; i.e. less effect on PVR

 *Vasopressin can double SVR 

and only reduce CI by15%
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Evora PR, et al. Chest 1993:103:1241-5

 At low plasma concentrations, mediates vasodilation in 

coronary, cerebral, and pulmonary arterial circulations 

- likely mediated via oxytocin receptor and local NO production

 PVR does not increase until very high levels
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5. Treat dysrhythmias
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Haddad F, et al. Circulation. 2008;117:1717-31

 Loss of RA contraction exacerbates difficulties with RV filling

 Atrial or AV pacing (but not ventricular) reverses hypotension 

and shock in RV failure complicated by AV dissociation
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6. Mechanical Devices

 IABP
 augments RCA perfusion

 may preserve ventricular interdependence

 RVAD

 ECMO

 Atrial septostomy
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Thank you. 
Questions?


