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Mechanical Circulatory 
Support

Arthur Jones, EdD, RRT

Learning Objectives
ÙDescribe devices used in noninvasive 

mechanical circulatory support (MCS).
ÙDescribe patients who are likely to 

benefit from invasive MCS.
ÙDescribe the components, operation 

and problems for the intra-aortic 
counterpulsation system.
ÙDescribe the components, operation 

and problems for an extracorporeal 
membrane oxygenator.
ÙDescribe examples of ventricular assist 

devices and total artificial hearts.

Learning Objectives
ÙDescribe examples of the following 
invasive MCS systems:
uventricular assist devices
utotal artificial hearts

Noninvasive Mechanical
Support Devices

Mechanical aids to external massage
ØAutomatic resuscitator- 'Thumper'
uPneumatically-powered compressor
positioned over patient

Mechanical aids to external massage
ØAutomatic resuscitator- Michigan
Instruments Thumper (TM)

uAdvantage
ƒconsistent compression, without
fatigue
ƒfrees personnel for other actions
uProblem- patient tends to be 
moved out of correct position
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Mechanical aids to external massage
ÙAmbu Cardiopump (TM)
uSuction cup attaches to chest,
permitting upward traction
uActive compression & 
decompression

Mechanical aids to external massage
ÙAmbu Cardiopump (TM)
uAdvantages

ƒDecompression increases refill
of ventricles and lungs
ƒMay effectively ventilate
ƒSmall
ƒInexpensive
ƒResearch- improves short-term
survival

Mechanical aids to external massage
ÙDifficulties with use
ubody hair- maintaining a seal
umoisture- maintaining position

ÙInitial trials- encouraging
ÙRequires more study
ÙNot available in US

Mechanical aids to external massage
ÙCPR vest (Zoll AutoPulse)
uVest surrounds body- intermittent
inflation & deflation provides
chest compression

http://www.zoll.com/product.aspx?id=84

Mechanical aids to external massage
ÙCPR vest (Zoll AutoPulse)
uAdvantages

ƒLess traumatic than manual
ƒCan incorporate defibrillator
ƒNo fatigue
ƒFrees personnel for other actions
ƒResearch- increased short-term
survival
ƒMay be effective without ventilation

Mechanical aids to external massage
ÙCPR vest (Zoll AutoPulse)
uDisadvantages

ƒLarge
ƒExpensive
uRequires more study
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Mechanical aids to external massage
ÙMedical antishock trousers 
(MAST)
uFunctions

ƒprevent blood loss from lower limbs
ƒincrease central circulation
ƒstabilize pelvic fractures

Invasive Circulatory Support

Open Chest Cardiac Massage
ÙGreater cardiac output than
with closed-chest
ÙRequires surgeon to perform

Open Chest Cardiac Massage
ÙIndications
utamponade
upenetrating chest injury
uhypothermia
uchest deformity- e.g. kyphoscoliosis

Intra-aortic Balloon Pump (IABP)
ÙMost commonly used circulatory 
support
ÙBalloon inserted through femoral 
artery to descending aorta
uBalloon inflated during diastole
(with Helium)
uBalloon deflated at end-diastole

IABP
ÙEffects
u increases coronary blood flow
u increases diastolic filling
udecreases left ventricular 
afterload and work
u increases cardiac output
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IABP
ÙIndications- short-term support
ucardiogenic shock
uacute myocardial infarction
ufailure to wean from bypass
ubridge to transplant

ÙPermanent implantable pump is
currently under study

IABP
ÙLimitation- provides only partial 
(1.5 L/min) cardiac output support
ÙComplications
u limb ischemia
urenal ischemia

IABP
ÙBalloon insertion techniques
upercutaneous- least invasive
ucutdown
utransthoracic- only after cardiac
surgery

ÙPosition confirmed with 
fluoroscopy, chest radiograph

IABP
ÙSettings
uTrigger mode

ƒECG
ƒarterial waveform
uSupport ratio- inflations: heart rate

ƒstart with 1:1
ƒwean as indicated, to removal

IABP
ÙTiming
uSignificance

ƒearly inflation impedes coronary 
blood flow
ƒearly deflation reduces 
effectiveness in reducing afterload

IABP
ÙTiming
uAppropriate inflation- right after
dicrotic notch of arterial wave form
uAppropriate deflation- end-diastole
on arterial wave form
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Extracorporeal Membrane 
Oxygenation (ECMO)
ÙDefinition- a modified form of heart 

lung bypass that supports patients 
with severe respiratory or 
cardiorespiratory failure.
ÙCurrent indications are primarily for 

neonatal and pediatric patients.

ECMO
ÙDescription- Venous blood is 

drained via a cannula to a circuit 
containing an artificial membrane 
for gas exchange. 

ECMO
ÙRationale- ECMO assumes heart 

and/or lung function, allowing 
organs to rest and preventing:
uventilator-induced volutrauma, 
barotrauma
uoxygen toxicity
udamaging effects of prolonged use 
of inotropic agents 

ECMO
ÙIndications- neonates 
uGestational Age >34 weeks 
uWeight > 2 kg 
uReversible lung disease 
uNo major (>grade 1) intracranial 
hemorrhage 
u No lethal congenital abnormalities 

ECMO
ÙSpecific conditions
umeconium aspiration
ucongenital diaphragmatic hernia
upersistent pulmonary 
hypertension
uRDS

ECMO
ÙGeneral indications- adults & 

pediatric patients
upotentially reversible disease
ufailure to respond to maximal,
less-invasive therapy
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ECMO
ÙSpecific conditions- adults & 

pediatrics
upneumonia, pneumonitis
ubronchiolitis
useptic shock
uARDS
uaspiration pneumonia
usevere trauma
upost cardiac surgery

ECMO
ÙContraindications
u irreversible CNS injury
u immunocompromise
ucoaglulopathy

ECMO
ÙSystem circuit components & 

direction of flow
uvenous line
ublood pump
uoxygenator
uheat exchanger
uarterial line

ECMO
ÙSystem controller unit- monitors and 

controls function
ÙMechanical ventilator
umaintain pulmonary expansion
uminimal settings to avoid 
barotrauma and oxygen toxicity

ECMO
ÙComplications
ubleeding- including cerebral
urisk from blood products
uemboli
uequipment malfunctions
u infection through cannulation 
sites

Ventricular assist device
ÙDescription
upump from ventricle(s) to aorta
increases stroke volume
unative heart remains in place
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Ventricular assist device
ÙIndication- ventricular failure
ufailure to wean from IABP
ubridge to transplant
udestination therapy- patients with
contraindications to transplant

Ventricular assist device
ÙComplications
uBleeding due to heparinization
uClots 
uRecurrent chest explorations
u Infection
uHemolysis
uDevice malfunction

Ventricular assist device
ÙThoratec (TM) VAD
uexternal placement
uuniventricular, biventricular 
support
u inpatients only- patients can 
walk around
usupplanted by implantable 
devices

Ventricular assist device
ÙThoratec (TM) VAD- external

Link to Thoratec (TM)

http://www.thoratec.com/medical -professionals/index.htm

Ventricular assist device
ÙThoratec Heartmate (TM) vented 

electric VAD
u internal placement
uportable- patient can go home
u least thrombogenic
upulsatile flow
uhigh cardiac output (>9 L/min)

Ventricular assist device
ÙWorldheart Novacor (TM) VAD
u internal placement- peritoneum
uportable- patient can go home
uhigh cardiac output
umost thrombogenic
uone patient survived three years
ucurrently Worldheart Novacor (TM)
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Ventricular assist device

Link to Worldheart Novacor to see newer devices
http://www.worldheart.com/products/novacor_lvas.cfm

Ventricular assist device
ÙAbiomed BVS 5000
uexternal placement
unon-portable
u inpatients only- patient confined to
bed
urequires anticoagulation

Ventricular assist device
ÙJarvik 2000
urecent device
u internal placement
usmall
uportable

Ventricular assist device
ÙJarvik 2000 Flowmaker (TM)

Link to Jarvikheart (TM)

http://www.jarvikheart.com/basic.asp?id=19

Ventricular assist device
ÙBerlin heart- various models
u Incor- impeller-type pump
uExcor- includes pediatric 
sizes

Link to Berlin heart website
http://www.berlinheart.com/englisch/medpro/index.php

Total Artificial Heart
ÙDescription- replaces native 

heart, which is removed
ÙPurposes
ufailure to wean from IABP
ubridge to transplant
udestination therapy- patients 
with

contraindications to transplant
ucommonly needed for dilational
cardiomyopathy
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Total Artificial Heart
ÙComplications
usame as VAD
unative heart is removed

Total Artificial Heart
ÙIssues in MCS devices
uneed for anticoagulants
uresponse to increased demand
uportability
ureliability
upulsatile flow

ƒincreased flow per unit of pressure
ƒstrengthens vascular wall muscles

Total Artificial Heart
ÙAbiomed Abiocor (TM)

replacement heart
u in the 2001 news media
u internal placement
ualternative to transplant
uportable

Link to Abiomed (TM)

http://www.abiomed.com/products/heart_replacement.cfm

Total Artificial Heart
ÙCardiowest- formerly Jarvik 7
ufirst implanted in 1982
ueffective bridge to transplant
unon-portable

Link to Cardiowest videos

http://www.syncardia.com/videocenter/index.php

Summary & Review
ÙNon-invasive devices
uThumper
uAmbu Cardiopump
uCPR vest
uMAST

Summary & Review
ÙOpen-chest cardiac massage
ÙIntra-aortic counterpulsation
ÙExtracorporeal membrane 

oxygenator
ÙVentricular assist devices
ÙTotal artificial heart
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