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Objectives  (Goals really…)

• Describe indications for and complications of VAD placement

• Describe the physiologic underpinnings of VAD therapy

• Discuss the Pre-operative evaluation of the VAD patient

• Explore Intra-operative monitoring strategies and goals

• Consider Post-operative management issues

• Case study 



Heart Failure

https://www.cdc.gov/dhdsp/data_statistics/fact_sheets/docs/fs_heart_failure.pdf



Heart Failure
“A complex pathophysiologic process that causes a 
clinical syndrome characterized by pulmonary 
congestion resulting from the heart’s inability to fill with 
or eject blood in a sufficient quantity to meet tissue 
requirements.”

(Nagelhout, p. 513)

http://www.heartfailure.com/hcp/epidemiology/heart-failure-classification.jsp?usertrack.filter_applied=true&NovaId=2935377062857743871

http://www.heartfailure.com/hcp/epidemiology/heart-failure-classification.jsp

(Brunton, Lazo, & Parker, 2006)

http://pre-wedding.net/article/Tired-Heart-Guy-Graphics-Code-127451

https://www.unos.org/



Heart Failure

(Brunton, Lazo, & Parker, 2006)



Heart Failure

Rogers et al., 2010



VADs

“Mechanical systems that reduce the workload of the heart, permitting the 
ventricle to rest, whilst maintaining cardiac output and perfusion of vital organs.”

(Harris & Kuppurao, 2012, p. 145)

“A type of mechanical circulatory support that aids in systemic perfusion by 
maintaining unidirectional flow while reducing the oxygen demand of the failing 
ventricle and allowing the heart to heal.”

(Khoo, 2010, p. 484)

http://my.clevelandclinic.org/health/articles/lvad-devices

https://en.wikipedia.org/wiki/Ventricular_assist_device

https://en.wikipedia.org/wiki/Ventricular_assist_device



Clinical Application
• Bridge to Transplantation (BTT)

• Current transplant candidates
• Approximately 41% of devices

• Bridge to Candidacy (BTC)
• Patients who are not current transplant 

candidates
• Approximately 43% of devices

• Destination Therapy (DT)
• Patients in need of mechanical support, who 

are not and cannot or will not become 
transplant candidates

• June 2006-December 2008 – 8.4%
• January 2009-June 2012 – 13.8%

• Bridge to Recovery (BTR)
• Patients with acute heart failure, in need of 

temporary mechanical support.

http://www.jantoo.com/cartoons/keywords/heart-transplants

http://clinicalgate.com/mechanical-support-in-cardiogenic-shock/



https://en.wikipedia.org/wiki/Ventri
cular_assist_device

1961

http://www.heartmatters.ch/first-in-man-implantation-
of-the-carmat-total-artificial-heart/

https://www.researchgate.net/figure/258426021_fig1_Fig-1-First-
generation-LVAD-A-Diagram-of-HeartMate-I-Used-with-permission-from

1982 1986

Thunberg et al., 2010

Thunberg et al., 2010



http://www.heartmatters.ch/first-in-man-implantation-of-the-carmat-total-artificial-
heart/

Thunberg et al., 2010

http://www.medgadget.com/2006/10/apple_solution.html (Rogers et al., 2017)



Implanted VADs

Kirklin et al., 2014



VAD Physiology



https://www.geni.com/people/Erik-Adolf-von-
Willebrand/6000000002887960802

https://en.wikipedia.org/wiki/Heyde's_syndrome

Complications

Hessel, 2014, p. 58

http://www.uwmedicine.org/health-library/Pages/intracerebral-
hemorrhage.aspx

https://twitter.com/slavengojkovic

http://link.springer.com/article/10.1186/1749-8090-9-40

http://keckmedicine.adam.com/content.aspx?productId=117&pid=1&gid=001101

http://www.centurionmp.com/products/driveline-management-trays/



Jarvik 2000

http://circ.ahajournals.org/content/105/24/2855

http://circ.ahajournals.org/content/98/15/1568

http://www.techbriefs.com/component/content/article/ntb/tech-briefs/bio-medical/17477

http://www.jarvikheart.com/products/advantages/simplicity/

http://www.mylvad.com/content/jarvik-2000-flowmaker%C2%AE-
lvad

http://www.mylvad.com/content/jarvik-2000-flowmaker%C2%AE-
lvad

http://www.mylvad.com/content/jarvik-2000-flowmaker%C2%AE-
lvad



Heartmate II

http://www.cpmc.org/services/heart/tx/heartmate.html

PI= [(Qmax-Qmin)/Qavg] x 
10



Heartware HVAD

Agarwal & High, 2012

http://www.newcastle-hospitals.org.uk/services/cardiothoracic_services_cardiology_heart-failure_left-ventricular-assist-device_after-
surgery.aspx

http://www.heartware.com/sites/default/files/uploads/resources/ifu00184_rev07_patientmanual_uspma.pdf

http://passfda.com/fda-class-i-recall-for-heartware-ventricular-assist-system/





Common Procedures

• Tracheostomy
• Wound debridement
• Thoracic procedures

• Bleeding
• Device correction

• Cholecystectomy
• Hernia repair
• Explorative Laparoscopy
• Orthopedic procedures
• Craniotomy
• Thromboembolectomy
• Endoscopy

Early 
Period

Late 
Period



Preoperative Evaluation
The 
VAD• Type of device
• Date of 

implantation
• Current settings
• Complications?

The 
Patient• Anticoagulation therapy
• Meds with anesthetic implications
• Labs
• CXR
• EKG
• ECHO?
• Antibiotic prophylaxis

http://www.cardiachealth.org/dick-cheney-and-modern-heart-failure-
treatment

http://my.clevelandclinic.org/health/articles/lvad-devices

https://www.wellspan.org/media/1257118/5208_VAD-Quick-Fact-Sheet-FINAL-121015.pdf



Intraoperative Considerations

Monitorin
g

• VAD personnel present
• Alternative power 

source
• VAD system display

Setu
p

• NIBP vs. A-line
• Capnography
• SPO2

• TEE

(Thunberg et al., 2010)
http://stretchphotography.com/heart/

(Hessel, 2011)



Intraoperative Considerations
Anesthetic technique
• General vs. Regional
• Induction
• RSI
• Maintenance
• Ventilation

http://photos1.blogger.com/img/237/7208/640/IMG_0408.jpg



Intraoperative Considerations

Positionin
g

http://intranet.tdmu.edu.ua/data/kafedra/internal/i_nurse/classes_stud/bsn%20(4year)%20program/full%20time%20study/fourth%20year/professional%20nursing%20issu
es/02.%20Interv.for%20Preoperative,%20Intraoperative,%20Postoperative%20Clients%20Care.htm

http://www.amhsr.org/viewimage.asp?img=AnnMedHealthSciRes_2014_4_7_68_131733_f1.jpg



Intraoperative Considerations

EMI

http://www.indiamart.com/mg-instruments/bipolar-
instrument.html

http://gsmedilinks.com/cautery-pencil-electro-surgical-pencil/



Postoperative Considerations

• Extubatio
n

• Transpor
t

• Anticoagulati
on

https://www.pinterest.com/pin/506232814343497959/

http://newnurseblog.com/category/uncategorized/feed/
http://www.telegraph.co.uk/news/health/news/9240836/Aspirin-is-as-safe-and-just-as-effective-as-warfarin-research.html



Case Study



Case Study
• 60 yo female presenting for R temporal brain tumor resection under 

GA

• 155cm (5’1”) 42.3kg (93lbs) BMI-17.6 (underweight)
• 102/69, 83, 18, 93% RA, GCS 14

• MHx
• R temporal lobe lesion 4.4 x 5.3cm with uncal herniation and 8mm R 

to L shift
• Persistent h/a’s, int. confusion, and balance issues 

• Ischemic CM with Heartmate II implantation 2 years prior
• MI/Arrythmia/CHF
• HTN
• COPD
• Prior GI bleeding

• SHx
• Heartmate 2 LVAD implantation
• R hip hemiarthroplasty



Case Study

Meds
• Carvadilol
• Furosemide
• KCl
• Sildenafil
• Combivent inhaler
• Warfarin (INR 1.3-1.8)
• ASA 81mg
• Trazodone

Labs
• Hgb – 8.8
• Plt – 134 (s/p 2 unit trans.)
• INR – 1.6
• PT/PTT – 19.4/27

Preop
• Consults: Neurosurgery, CT surgery, Cardiology, 

Anesthesiology, VAD RN
• LVAD:  8200RPM

4.7 Power
6.7 PI

• ASA/Warfarin withheld DoS
• FFP x 2 to further correct INR

Monitoring
• VAD RN at bedside
• Standard ASA monitors
• A-line,  CL/CVP placed
• TEE readily available

• 60 yo female presenting for R temporal brain tumor resection under 
GA

• 155cm (5’1”) 42.3kg (93lbs) BMI-17.6 (underweight)
• 102/69, 83, 18, 93% RA, GCS 14



Case Study

Induction
• Fentanyl 100mcg (2.5mcg/kg)
• Lidocaine 40mg (1mg/kg)
• Propofol 100mg (titrated slowly)
• Rocuronium 50mg (1.2mcg/kg)
• 7.0 ETT

• 60 yo female presenting for R temporal brain tumor resection under 
GA

• 155cm (5’1”) 42.3kg (93lbs) BMI-17.6 (underweight)
• 102/69, 83, 18, 93% RA, GCS 14

Maintenance
• Sevoflurane 0.8-1 MAC
• 0.5 FiO2

• Remifentanil 0.08-0.1mcg/kg/min

Intraop
• Slight Reverse Trendelenburg
• Furosemide 10mg
• PaCO2 – 30-35

• Reduce ICP
• MAP – 80-90

• “few” Phenylephrine boluses
• Crystalloid – 500mL
• Neuromuscular blockade reversal

• Neostigmine 2mg
• Glycopyrolate 0.4mg

• Deep extubation
• Transferred to CICU

• GCS 14
• Slight L-sided weakness



Case Study





Resources

https://www.heartware.com/sites/default/files/uploads/resources/gl1044_rev03_waveformappbrochure.pdf

http://www.heartware.com/sites/default/files/uploads/resources/ifu00184_rev07_patientmanual_uspma.pdf

http://www.mylvad.com/content/jarvik-2000-flowmaker%C2%AE-lvad

Jarvik 2000 patient manual

http://www.thoratec.com/_assets/download-tracker/HMII/106020/106020_H.pdf

Heartware patient manual

Heartmate II patient manual

Heartware waveform app.

Jarvik 2000 implantation

https://www.youtube.com/watch?v=GHJ9-hdSD-E

Heartmate II system

https://www.youtube.com/watch?v=mu15tNUH4VU

Heartware system

https://www.youtube.com/watch?v=k6rs1pRM6lg&list=PLRR3Bf4OzT8OkeK-EqNwjVm5qbmLNERlk

https://www.heartware.com/sites/default/files/uploads/resources/gl1044_rev03_waveformappbrochure.pdf
http://www.heartware.com/sites/default/files/uploads/resources/ifu00184_rev07_patientmanual_uspma.pdf
http://www.mylvad.com/content/jarvik-2000-flowmaker%C2%AE-lvad
http://www.thoratec.com/_assets/download-tracker/HMII/106020/106020_H.pdf
https://www.youtube.com/watch?v=GHJ9-hdSD-E
https://www.youtube.com/watch?v=mu15tNUH4VU
https://www.youtube.com/watch?v=k6rs1pRM6lg&list=PLRR3Bf4OzT8OkeK-EqNwjVm5qbmLNERlk
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