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Learning Objectives

• Explain  the  overall  indications,  physiologic  effect,  and  types  of  
LVADs.

• Identify  the  various  LVAD  console  parameters  and  diagnose  
common  abnormalities.

• Explain  generalized  anticoagulation/antiplatelet  goals  in  patients  
with  LVADs  and  evaluate  the  merits  of  continuation  or  reversal  in  
the  non-cardiac  surgical  perioperative  period.

• Assess  perioperative  management  strategies  and  indications  for  
non-cardiac  surgeries  in  patients  with  LVADs.
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2015

Outline

• Recent  Case
• LVAD  basics
• LVAD  anticoagulation,  physiology,  and  acute  
management
• NCS  &  LVADs
• LVAD  perioperative  considerations
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What  this  talk  is  not…

Outline
• Recent  Case

Recent  Case
• 78  y/o  male
• HM-II  placed  6  y  prior  for  
ischemic  CM  (DT)
• Fall  à R  subtrochanteric  
femur  fracture  à OSH
• INR  1.8,  Hb  8.3,  Plt  180,  
Cr  1.8,  lactate  1
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Questions

• Where should  this  pt  be  cared  for?
• How  does  LVAD  change  anesthetic?
• How  should  anticoagulation be  managed?
• How  to  manage  transfusions?
• How  to  monitor  and  manage  hemodynamics?
• Who should  anesthetize  this  patient?
• Where  should  this  pt  go  after  surgery?
• Who  should  care  for  this  pt  post-op?
• When  to  restart  anticoagulation?

Outline
• Recent  Case
• LVAD  basics

High  K,  Pulido  JN,  Mechanical  Circulatory  Support:  Ventricular  Assist  Devices  (VADs)  and  Extracorporeal  Membrane  Oxygenation  (ECMO),  A  
Society  of  Cardiovascular  Anesthesiologists  Monograph,  2014.  
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REMATCH

REMATCH  - Survival
1  y  survival:  52%  LVAD,  25%  medical  (p=0.002)
2  y  survival:  23%  LVAD,  8%  medical  (p=0.09)
Median  survival:  408  d  LVAD,  150  d  medical

REMATCH  – Quality  of  Life
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LVAD  Goals  of  Therapy

High  K,  Pulido  JN,  Mechanical  Circulatory  Support:  Ventricular  Assist  Devices  (VADs)  and  Extracorporeal  Membrane  
Oxygenation  (ECMO),  A  Society  of  Cardiovascular  Anesthesiologists  Monograph,  2014.  

LVAD  Types

High  K,  Pulido  JN,  Mechanical  Circulatory  Support:  Ventricular  Assist  Devices  (VADs)  and  Extracorporeal  Membrane  
Oxygenation  (ECMO),  A  Society  of  Cardiovascular  Anesthesiologists  Monograph,  2014.  

1st generation  device  problems

• Large  size
• Durability  (2-4  y  lifespan)
• Infection
• Thrombotic  complications
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HM-II
• FDA  approved  
for  BTT  and  DT

Courtesy  of  Thoratec

HM-II

Courtesy  of  Thoratec

HM-II

Courtesy  of  Thoratec
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HeartWare
• 3rd generation
• Continuous  centrifugal  
flow
• FDA  approved  BTT  2012
• 1  y  survival  similar  to  
HM-II  (84%  vs  85%)
• No  pump  pocket
• Pump  integrated  in  LV  
apex

Courtesy  of  HeartWare  Inc.

Survival
81%  1  y,  70%  2  y,  47%  4  y  for  continuous  flow  devices

LVAD  implantation  trends

6th INTERMACS  Annual  Report,  2014
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Outline

• Recent  Case
• LVAD  basics
• LVAD  anticoagulation,  physiology,  and  acute  
management

Anticoagulation
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Anticoagulation  – Can  we  get  by  with  less?

• 45  HM-II  pts
• 7.2  ± 5.2  months

• All  recorded  INRs  averaged
• 21  had  mean  INR  <  1.6

• 1  thrombotic  event
(INR  2.4)

• Less  stringent  AC
requirements

JTCVS  2008
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2014

Survival  after  LVAD  Exchange
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HM-II

HM-II  Pump  Speed
• Pump  speed  is  rpm
• Range  6,000-15,000  rpm  
• Flow  range  3-10  L/min
• é pump  speed  à é pump  flow  à
é LV  unloading  à ê pulsatility  &  ê AV  opening

8,000 RPM

9,000 RPM

10,000 RPM

11,000 RPM

12,000 RPM
Cardiac Output = 5.1
Pulse Pressure = 6
Mean BP = 87

Cardiac Output = 4.9
Pulse Pressure = 9
Mean BP = 82

Cardiac Output = 4.5
Pulse Pressure = 12
Mean BP = 74

Cardiac Output = 4.4
Pulse Pressure = 16
Mean BP = 70

Cardiac Output = 4.3
Pulse Pressure = 23
Mean BP = 68

Courtesy  of  Mauermann  WJ
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Courtesy  of  Thoratec

8,000  RPM 8,500  RPM

9,500  RPM 10,000  RPM

Pulsatility  – AV  sewn  closed

LV

LA

RV

RV

LV

LA LA

LV

Suck-down  effect

Mauermann WJ, Rehfeldt KH, Park SJ. Anesthesia and Analgesia, 2008. 

RV
LV

LA
RA
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HM-II  Pump  Power
• Directly  measured
• Normally  6-8  W,  depending  on  speed
• é may  indicate  pump  thrombus

HM-II  Pump  Flow
• Not  measured!
• Calculated from  pump  speed  &  power
• 20%  variability  from  actual  flow  through  LVAD  at  
normal  flow  rates  (4-6  L/min)
• Even  less  accurate  at  <3  L/m

• LVAD  functions  in  parallel  with  heart
• Systemic  flow  may  exceed  displayed  pump  flow  
with  LV  ejection  through  AV

• Falsely  high  ↑  in  flow  occur  with  pump  thrombus

VAD  Thrombus
VAD  speed  constant  throughout  at  1840  rpm

VAD  Power  (Watts)

VAD  Flow  (L/min)
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HM-II  Pulsatility  Index
• Variability  in  LVAD  flow
in  cardiac  cycle
• PI  =  (Qmax-Qmin)/Qavg
• Averaged  over  15  s
• Normally  4-6
• Since  Q  (flow)  is  calculated  from  power,  PI  is  
actually  calculated  from  power  variations
• LV  contractility  increases  flow  through  LVAD

What’s  going  on  with  the  LVAD?
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Outline

• Recent  Case
• LVAD  basics
• LVAD  anticoagulation,  physiology,  and  acute  
management
• NCS  &  LVADs

INTERMACS

2015



8/29/16

17

NCS
Literature

Study,  
year

#  NCSs  
reported

#  of  reported  
device  
implants

VAD  type  at  time  of  
NCS

Median  duration  of  
support  at  NCS  
(days)

Emergent  
NCS  (%)

Surgeries  
performed  during  
index  
hospitalization  (%)

30-day  
mortality  
(%)

Votapka  1994 7 NR
57%  pulsatile  LVAD,  
29%  BiVAD,  14%  TAH NR NR NR 29%

Goldstein  1995 12 NR 100%  pulsatile NR  (range  21-138) NR NR 0%
Schmid  2001 20 71 100%  pulsatile 32  (range  5-267) NR NR 0%
Stone  2002 8 NR 100%  pulsatile 24  (range  9-114) NR NR 13%
Eckhauser  2006 5 NR 100%  pulsatile 120  (range  14-630) NR 40% 0%

Stehlik  2009 59 184
3%  CF,  78%  pulsatile,  
14%  BiVAD,  2%  TAH 98  (range  7-1460) 20% NR 12%

Garratti  2009 12 77 73%  CF,  27%  pulsatile 79  (range  9-160) NR NR 0%
Ficke  2010 2 NR 100%  CF 11  (range  9-12) 50% 100% 50%
Morgan  2012 25 86 100%  CF 285 12% NR 0%
Ahmed  2012 6 141 83%  CF,  17%  pulsatile 513  (range  83-1084) 0% 0% 0%
McKellar  2012 28 99 NR 28  (range  NR) NR NR NR

Gilbert  2012 43 360
27  unspecified  LVAD,  
16  BiVad NR  (range  1-103) NR NR 0%

Bhat  2012 63 110 100%  CF  for  DT 137  (10-1016) 16% NR 16%

Barbara  2013 67 188
99%  CF  LVAD,  1%  
pulsatile  LVAD 119  (16-1819) NR 0 9%

Goudra  2013 68 105 100%  CF  LVAD NR  (11-1108) 76% NR 0%
Arnaoutakis 67 173 75%  CF,  25%  pulsatile 38 31% NR 10%
Barbara  2015 172 218 99%  CF  LVAD 353  (31-1899) NR 0% 11%

LVADs  and  NCS  – published  series

Mayo  papers

Surgery  2012
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“Larger”  recent  series  of  LVADs  and  NCS

2012

Anesthesia  for  gastrointestinal  endoscopy  in  
patients  with  left  ventricular  assist  devices:  Initial  
experience  with  68  procedures

Goudra  BG,  Singh  PM

Annals  Cardiac  Anaesthesia.  2013;;  16:  250-6

Noncardiac	  Surgery GI	  Endoscopy

Bhat
2012

Morgan
2012

Barbara	  
2013

Stone
2016

Goudra	  
2013

Barbara	  
2015

Pts 36 20 33 138 39 53

Procedures 63 25 67 291 68 172

CF-LVAD 100% 100% 99% 83% 100% 99%

Time from  LVAD  
implant  (d)

137 285 317 44 185 440

Age  (y) 61 50 68 NR 61 66

GA 89% 100% 100% NR 7% 9%

Noncardiac  
anesthesiologist

NR 100% 64% 53% 84% Majority

Noncardiac	  Surgery GI	  Endoscopy

Bhat
2012

Morgan
2012

Barbara	  
2013

Stone
2016

Goudra	  
2013

Barbara	  
2015

On  AC/AP  pre-op ?100% 96% 73% NR 100% 70%

Passively  
reversed
(%  of  pts  on  AC/AP)

Majority ? 47% NR 76% 52%

Actively  reversed
(%  of  pts  on  AC/AP)

? 8% 18% NR “Rarely” 24%

Thrombotic  
complications

?0% 0% 0% 0% ? 0%

RBC  transfusion
intra-op

38% 36% 15% 18% ? ?

Arterial  line 28% 72% 66% 44% 0% 10%

30-day  mortality 10% 0% 9% 16% 0% 11%
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Outline

• Recent  Case
• LVAD  basics
• LVAD  anticoagulation,  physiology,  and  acute  
management
• NCS  &  LVADs
• LVAD  perioperative  considerations

Considerations

Team  approach
• Clinically  optimized  preoperatively  by  heart  failure  
cardiologists  familiar  with  device  management
• Careful  coordination  among  the  cardiology,  cardiac  and  
noncardiac  surgical,  and  anesthesia  teams  is  important
• NCS  at  the  cardiac  hospital  with  cardiac  surgical  
resources  readily  available
• Accompanied  in  OR  by  LVAD  technician
• LVAD  console  continuously  displays  LVAD  parameters
• Postoperatively  recovered  in  a  single  ICU  or  monitored  
unit  with  nursing  staff  who  are  familiar  with  these  
devices
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Monitoring  blood  pressure

NIBP  &  LVADs

• 17  pts  w  HM-II
• Both  cuff  and  Doppler  correlated  reasonably  well  
with  arterial  line  BP,  r  0.75,  (when  they  worked)

J  Heart  Lung  Transplant.  2010  May;;29(5):593-4
Circ  Heart  Fail.  2013  Sep  1;;6(5):1005-12

C.O.  on  HM-II  vs.  CCO

• N  =  4898  C.O.  (81  pts)
• R  =  0.42
• C.O.  LVAD  <  PAC
• Mean  difference  =  0.36  
L/min

Hasin  T,  et  al.  ASAIO  J.  2014  Sep-Oct;;60(5):513-8.
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C.O.  on  HM-II  vs.  PAC

• Sensitive  to  SVR  changes,  and  calculated  flow  inaccurate
• Portion  of  total  C.O.  may  occur  via  AV

R=0.42 R=0.67

R=0.48 R=0.32 R=0.32

BP  Monitoring  Recommendations
• General  anesthesia:  Arterial  line
• MAC  /  Moderate  sedation:  Likely  ok  without  
arterial  line,  but  have  back-up  plan

Defibrillation  &  Cardioversion
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Rhythm

CPR

? ?



8/29/16

23

J  Thorac  Cardiovasc  Surg  2014;;148:1152-6

HM-II  Manual

HeartWare  Manual
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CPR

International  Journal  of  Cardiology  168  (2013)  5143–5148

Anticoagulation/Antiplatelets
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Return  to  case

Hospital  course
• OR:  Awake  art  line,  GETA

3  RBC,  1  plat,  phenyl  gtt,  extubated
• ICU:  PICC,  Phenyl  à Vaso  +/- NE  x  2  d

FFP  for  oozing  w  INR  2.4
• POD  2,  3:  1  U  RBC  each  day  
• POD  3:  Left  ICU
• POD  4:  Warfarin
• Heparin  gtt  (POD  5-6)
• Highest  INR  3.7  (POD  9)

• POD  8:  Xfer  rehab
• POD  20:  Home  w  home  health  services

Outline

• Recent  Case
• LVAD  basics
• LVAD  anticoagulation,  physiology,  and  acute  
management
• NCS  &  LVADs
• LVAD  perioperative  considerations
• Conclusions
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Conclusions
• LVADs  are  becoming  increasingly  prevalent
• More  LVAD  pts  are  presenting  for  NCS
• Thorough  understanding  of  LVAD  physiology  is  
necessary
• LVAD  pts  can  safely  undergo  NCS  at  centers  
with  appropriate  resources  and  multidisciplinary  
support

Questions?

Barbara.David@mayo.edu


