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• Case Presentation

• Discussion of the issues of acute right heart 
failure (ARVF)

• Options for mechanical circulatory support 
(MCS) of the RV



Case Presentation

• 59 male presents (Nov 27) with syncope due to AS  
– Previous STEMI (DES to RCA) 2009
– DMII, Ex-smoker
– Restless leg, OSA, Dyslipidemia
– Atorvastatin 80 OD, Metoprolol 12.5 BID, Ramipril 5 OD, Plavix 75 OD, 

ECASA 81 OD

• ECHO (January): EF 50% with inferolateral hypokinesis, AVA 0.9

• Angio (Oct): No significant CAD, Stent patent

• DECEMBER 01: Inpatient AVR (23mm Mechanical)



Post-CPB TEE



Case Presentation

• POD #2: Deterioration overnight requiring 
increasing inotropes with evidence of RV 
dysfunction

– PEA arrest at 0715hrs

– CSU-ALS initiated



The CSU-ALS 

Protocol



Here is what the heart looked like



Case Presentation

• POD #2: 

– TEE: no pericardial effusion, severe biventricular 
dysfunction

– Chest opened in the ICU





What’s Good and Bad About 
Acute Right Ventricular Failure (ARVF)?

• BAD - Associated with significant morbidity and mortality

Other Important References:
1. Haneya A, Philipp A, Diez C, et al.. Asaio J 2011;57:274-7.
2. Goldstein JA, Kern MJ. Cardiol Clin 2012;30:303-10.
3. Kapur NK, Paruchuri V, Korabathina R, et al. J Heart Lung Transplant 2011;30:1360-7.

Taken from: Cheung, AW, 
White, CW, Davis, MK, 
Freed, DH. The J Heart Lung 
Transplant 2014;33(8), 1–6. 



What’s Good and Bad About 
Acute Right Ventricular Failure (ARVF)?

• The Good:
– May exhibit a greater capacity for rapid recovery

– 42% to 75% of patients recover sufficient function 

• However:
– Requires rapid identification of the need and subsequent 

implementation of support

• Challenge:
– Has traditionally required adaptation of currently available 

technology

1. Cheung, AW et al. J Heart Lung Transplant 2014;33(8), 1–6
2. Bhama JK et al. J Heart Lung Transplant 2009;28:971-6.
3. Haneya A, Philipp A, Puehler T, et al. Eur J Cardiothorac Surg 2012;41:219-23.
4. Moazami N, Pasque MK, Moon MR, et al. J Heart Lung Transplant 2004;23:1371-5.
5. Saito S, Sakaguchi T, Miyagawa S, et al. J Heart Lung Transplant 2012;31:858-64.



Treatment Options

• “Traditional Treatment Methods”

–reversing the underlying cause

–maintaining adequate preload

–reducing RV afterload

–enhancing RV contractility



High risk of death in post cardiotomy shock

Allegheny University Hospital
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Low dose: 1–4 g/min epinephrine, 1–4 g/kg/min dobutamine or dopamine, or 0.1–0.24 g/kg/min milrinone

Moderate dose: 5–9 g/min epinephrine, 5–9 g/kg/min dobutamine or dopamine, or 0.25–0.49 g/kg/min milrinone

High dose: 10 g/min epinephrine, 10 g/kg/min dobutamine or dopamine, or 0.5 g/kg/min milrinone



Treatment Options

• “Traditional Treatment Methods”

–reversing the underlying cause

–maintaining adequate preload

–reducing RV afterload

–enhancing RV contractility



To the Cath Lab!



Interventional/Surgical Options

A. Intra-aortic balloon pump (IABP)

B. Veno-arterial extracorporeal membrane 
oxygenation (VA-ECMO)

C. Right heart assist device (RVAD) implantation

D. Heart transplantation



IABP



Thiele, H., et a. (2012). Intraaortic balloon support for myocardial infarction with cardiogenic shock. The New England Journal of Medicine, 367(14), 1287–96. 

Thiele, H., et al.  Intra-aortic balloon counterpulsation in acute myocardial infarction complicated by cardiogenic shock (IABP-SHOCK II): final 12 month results of a 
randomised, open-label trial. Lancet, 382(9905), 1638–45.

Baskett, R. J. et al. (2003). A multicenter comparison of intraaortic balloon pump utilization in isolated coronary artery bypass graft surgery. The Annals of Thoracic 
Surgery, 76(6), 1988–1992. 

Need to maintain good 
coronary perfusion pressure 

for the RV



Review of Technology and 
RV Support Device Selection



Continuous flow devices
Levitronix

Impella

Rotaflow/Biomedicus

• axial or centrifugal flow
• potential for contacting surfaces to deteriorate

Tandem Heart



• Now no longer available in Canada



Impella

24



Temporary MCS options to consider: 

Axial Flow Cannulae

Pros

• Implanted percutaneously

• Transportable

• Easy to manage

• Unloads RV effectively?

Cons

• Limited duration of support 
(< 1 week)

• Trauma to AV, hemolysis 
major potential 
complications

• Efficacy debatable



Centrifugal Flow-ventricular support 
device (CF-VSD)



Centrifugal Flow-right ventricular 
support device (CF-RVSD)

• Cannula for both venous drainage and 
reinfusion 



• In-hospital mortality was 
57%

• Best for:
– Post - LVAD implantation
– Chronic left heart failure 
– AMI

• No so good for:
– Increased age
– Biventricular failure, 
– Major bleeding 

Kapur, N. K et al. (2013). JACC: Heart Failure, 1(2), 127–134. 



Centrifugal Flow-right ventricular 
support device (CF-RVSD)

• a single cannula for both venous drainage and 
reinfusion 

• Can also be used for ECMO support



Temporary MCS options to consider:

CF-RVSD

Pros

• Implanted percutaneously

• Transportable

• Easy to manage

• Unloads RV effectively

• Able to add oxygenator

Cons

• Limited duration of support 

• Trauma to AV, hemolysis 
major potential 
complications

• Limited Canadian 
Experience

• Still high mortality



ECMO Cannulation and Configurations

Central 

or

Peripheral





Case Presentation - On ECMO

• ECMO DAY #6

– Neuro function grossly (RASS -3)

– On CRRT

– ECMO weaned over 48 hours to 2L

• normal lactate and venous O2

– RV function looking improved on last ECHO

– Ongoing “vasoplegia”



Case Presentation – ECMO Again

• ECMO DAY #6

– Decannulated – inferior akinesis, RV mild to 
moderately down

– Gradual deterioration – re-explored and 
peripherally cannulated



Temporary MCS options to consider: 

ECLS/ECMO

Pros

• Implanted percutaneously

• Transportable

• Biventricular support

• Provides oxygenation as 
needed

• Good results in centers with 
high volumes and adequate 
resources 

Cons

• Limited duration of support  (~2 
weeks)

• Ability to ambulate/mobilze in 
VA configuration is challenging

• Bleeding, limb ischemia 
complications

• Resource intensive 



Case Presentation – Ongoing Saga

• ECMO Day #11

– Ongoing vasoplegia (NE 0.4, Vaso 2.4), VA ECMO 
5LPM

– LV moderately to severely decreased, RV severely 
decreased

• Discussion with transplant centres



So Should WeTransplant?



Degree of HF/shock at implant can 

predict outcomes with LVAD support

Kirklin, J Heart Lung Transplant, 2010
Alba, J Heart Lung Transplant, 2009

N = 54, TGH experience

Significant difference in survival according to INTERMACS level



PROFILE-LEVEL Official Shorthand General time frame until 

support need

LEVEL 1 “Crash and burn” Hours

LEVEL 2 “Sliding fast” Days to week

LEVEL 3 “Stable but Dependent” Weeks

LEVEL 4 “Frequent flyer” Weeks to few months, if 

baseline restored

LEVEL 5 “Housebound” Weeks to months

LEVEL 6 “Walking wounded” Months, if nutrition and 

activity maintained

LEVEL 7 Advanced Class III 

LWS
Interagency Registry for Mechanically Assisted Circulatory Support

INTERMACS - Simplified



• Without intervention, most patients will 

not survive, but caution is warranted:
• Unclear neurologic status

• Respiratory failure

• Acute renal and liver dysfunction

• Antithrombotic burden (antiplatelets, IIb/IIIa inhibitors)

• Uncertain potential for cardiac recovery

• Unknown psycho-social status

Why not implant long term VAD support in 

cardiogenic shock?



•No wearable parts, friction, or 
heat generation in the blood 
path.

•minimizes areas of blood 
stagnation and turbulence in 
the pump.

•Large mechanical gaps in the 
pump (>0.6mm) allows the 
shear forces to be low
• greatly reducing hemolysis.

CentriMag Characteristics

rotor

stator

winding

impeller

outlet 

pump housing Inlet



CentriMag



Case Presentation

• ECMO Day #15
– Conversion of ECMO to Centrimag

– Attempt at ECMO wean in isolation and with RVAD

• Resultant hypotension and AF and ongoing 
biventricular dysfunction
– Customized Configuration

• RA to PA, RSPV to Ao





Case Presentation- Hemodynamics

• BiVAD Day #31 – off vasopressors with 
improving pulse pressure

• Bradycardic wide complex rhythm (? Agonal) 
for weeks normalized



Case # 1 – BiVAD Wean

• ECHO BiVAD Day #58
– With arterial line and CVP monitoring

• Flows gradually down to 1L on RVAD/LVAD

• After 5 minutes; reasonable biventricular function

– MAP decrease from 80 to 70 mmHg

– CVP stable at 9

– Venous sat 55% with normal lactate

• BiVAD EXPLANT ON DAY #61



Following BiVAD Decannulation



Acute MCS Algortihm

Acute MCS Implemented

Neuro and Multi Organ Recovery?

NO PalliatationYES

Cardiac Recovery?

YES Wean and DecannulateNO

Long Term VAD Candidate?

YES NO Palliation





“Traditional” Treatment Modalities 

Available in Cardiogenic Shock

• Medical Management

– Inotropic/vasopressor support

• Intra-aortic Balloon Pump

• LVAD, CPB and revascularization if indicated

NONE of these may sufficient for the failing 
RV



Lessons Learned

• Early identification

• Tailor therapy based on institutional 
capabilities

• Don’t forget the “basics”

– ABCDEs



MCS is  Team Sport

• Inter-disciplinary support
– Surgery
– Anesthesia
– Critical Care
– Cardiology

• Interventional
• HF
• Echo

– Nursing
– Pharmacy
– RT, PT, OT, SW



Don’t Forget the ICU Basics 
Mobilization

• First Dangle ~ BiVAD Day #16

• First Stand ~ Day #26

• March in Place ~ Day #34

• Bed Biking ~ Day #45

• First Walk ~ Day #54



BiVAD DAY #60



Lessons Learned

• Can’t win them all

– Mortality remains high however

• New technology

• Need to develop 

– patient and device monitoring, and weaning 
protocols



MCS -ECMO Working Group
• Inaugural Meeting

– Oct. 25, 2015



•Goals: 

•To advance the care of critically-ill cardiovascular patients 
using multidisciplinary expertise in a cooperative model.

•www.cancaresociety.com

•info@cancaresociety.com

http://www.cancaresociety.com/
mailto:info@cancaresociety.com


Thank you


