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Classification of VAD 

• LV vs RV vs Bi-ventricular 

• Pulsatile flow vs Continuous flow 

• Axial flow vs Centrifugal flow  

• 1st vs 2nd vs 3rd Generation 

 



Classification 

• 1st generation 

 

• 2nd generation 

 

• 3rd generation 



Pulsatile vs Continuous Flow VAD 



Volume Displacement vs Axial Flow 

• Volume displacement pumps 
 - Pulsed (“physiologic”) flow based on device 
function of positive displacement 
 - VAD flow = beat rate X stroke volume 
 
• Axial flow pumps 
 - pump flow follows native cardiac pulse 
 - Flow increases & decreases in response to LV 
pressure 
 - Sensitive to pressure differential across the 
pump ( Paortic – PLV) 
    : more residual function = bigger pulse 
 - pump flow determined by pump speed & 
power 
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Pump speed = 10,000 RPM

-10

-5

0

5

10

15

20

25

30

O
u

tf
lo

w
 (

L
/m

in
)



dP=60 dP=80 

LVP 

AoP 

D
if
fe

re
n
ti
a
l 
P
re

ss
u
re

 (
m

m
H

g
) 

0 

50 

100 

150 

200 

250 

0 2 4 6 8 10 

Flow (L/min) 

1800 rpm 

2400 rpm 

3000 rpm 

3600 rpm 

4000 rpm 

Waveform Basics 



 

NEJM 2009;361:2241-51 



Centrifugal vs Axial 

• Centrifugal (“radial”) pump has impeller 
outflow directed perpendicular form axis 
of rotation 

• Axial pump has impeller outflow 
directed parallel to axis of rotation 



 



 

J Heart Lung Transplant 2013;32:1–11  
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A. HeartMate II axial CF 
B. HeartWare HVAD 

centrifugal CF 
C. Terumo DuraHeart 

centrifugal CF 



Axial vs Centrifugal pump 

 



Late complications of LVAD 

• Infection  

• Bleeding: GI bleeding due to AVM 

• Device thrombosis 

• De novo Aortic regurgitation 



• Confirmed pump thrombosis: 2.2%  8.4% 
• Median time from implantation to thrombosis 
    : 18.6 months  2.7 months 
• Actuarial mortality in the ensuing 6 mo after pump thrombosis: 48.2%  

NEJM 2014;370:33-40 



 

2014 INTEMACS analysis of pump 
thrombosis in HM II 



 



 

J Heart Lung Transplant 2017;36:1–12  



HeatMate 3 
- Intrinsic artificial pulse 
- Wide blood-flow 

passage 
- No mechanical bearing 

 



 



 



ENDURANCE trial 









Summary 

• VAD: smaller, more durable 

• Non-physiologic 

• Continuous flow: axial vs centrifugal type 

• Pump thrombosis: increase ?  

• Guideline-based management 

  - perfect surgical technique, BP control, 
anti-coagulation 

• Driveline problems 



 

REMATCH study group NEJM 2001;345:1435-43 



ISHLT Guidelines for Speed and 
Medical Management 

• Adjust RPMs to adequately unload the LV while 
maintaining midline interventricular septum and 
minimizing mitral regurgitation 

    - (Class of Recommendation: I; Level of Evidence: C) 

• Adjust RPMs low enough to allow intermittent aortic 
valve opening 

    - (Class of Recommendation: IIb; Level of Evidence: B) 

• Diuretics, ACE-inhibitors, ARBs, b-blockers and 
mineralocorticoids are considered useful for managing 
volume status, blood pressure, arrhythmias and 
myocardial fibrosis 

    - (Class of Recommendation: I; Level of Evidence: C) 



Valve issues at implantation 

 

Slaughter MS, et al. JHLT 2010;S1-S39 



Surgical technique of AV 
management 

 



Late complications of LVAD 

• Infection  

• Bleeding: GI bleeding due to AVM 

• Device thrombosis 

• De novo Aortic regurgitation 



Aortic Regurgitation: Incidence 

• AI (mild to moderate or greater) in 6% of 
HM I and 14.3% of HM II. Median time t
o AI development  were 48 days for HMI 
and 90 days for HMII 

Pak SW et al. JHLT 2010;29:1172-6 

 

• Mild AI in 52%. Median time to AI devel
opment was 187 day. No severe AI 

Aggarwal A et al. Ann Thorac Surg 2013;95:493–9 

 

 



AR_ Risk factors 

• Closure of AV 

• Older age 

• Duration of support 

• Continuous flow type 

• Aortic root size (?) 

 



Aortic valve pathology 

• 9 patients, HM II BT trial 

• All but 1 explant had evidence of commi
ssural fusion of the native aortic valve lea
flets 

 

 

Mudd JO, et al. JHLT 2008;27:1269-74 



 



Recommendation of aortic valve 
in patients with LVAD 

 

John R, et al. JHLT 2010;29:1321-9 



 

NEJM 2007;357:885-96 



Centrifugal vs Axial type summary 

• Pump type difference is based on how the 
blood leaves the impeller, i.e., radially 
outward for centrifugal pumps and axially 
outward for axial pumps 

• Both pump types can utilize mechanical 
bearings, passive impeller suspension 
systems, and active impeller suspension 
systems 

• All blood pumps require small gaps (0.001 
to 0.01) for suspension and for hydraulic 
efficiency 



Pump flow principles 

• The relationship between differential 
pressure head (H) and delivered flow (Q) is 
typically: 

   H = Ho – k*Q2 

• Pump flow is a function of: 

  - the speed of the rotor 

         

  - the difference in pressure across the pump 


