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Successes

• Transition from pulsatile technology to CF:
– Improved survival
– Improved quality of life
– Reduced event rates for infection, organ 

dysfunction, RHF
– Drastic improvement in device reliability
– Smaller, faster operation
– Enhanced applicability



New Challenges in CFLVAD Era

De Novo Aortic
Insufficiency

GIB/AVM/aVWS Pump Thrombosis



Why Talk About Pump Thrombus?

• Known and potentially fatal complication
• Death knell of MicroMed-DeBakey VAD
• Increasing “noise” among clinicians and VAD 

coordinators starting in early 2011 
• (http://healthgroups.yahoo.com/group/mcscollaboration)

• Described for both available CF LVADs
• Implications as LVADs are being considered for the 

lesser sick





Pump Thrombus
Definition

INTERMACS, Appendix A, Adverse Event Definitions



Hemocompatibility & Rheology of CF 
LVADs

• Hemocompatibility: max blood flow; reduce 
stasis/hemolysis/turbulence/retrograde flow

• LVADs activate coagulation and endothelial 
systems

• Blood contacting surfaces play role in 
thrombotic complications and mandate anti-
plt and anti-coag Rxs

• Both HMII and HW induce aVWS
• Glycoprotein Ib disturbance in platelets
• “Maintenance” LDH : HMII > HW
• Fibrin split products: HW > HMII



Pump Thrombosis
Predisposing Factors

• Patient Related - individual conditions that 
render patient more likely to have thrombotic 
complications, including pump thrombus

• Device Related - inherent to the technology 
itself

• Management Related - implantation 
technique, anticoagulation, pump speed



Predisposing Factors
Patient Related

• CHF is a prothrombotic state 
• Atrial fibrillation
• Pre-existent LV thrombus/trabeculation
• Mechanical prostheses
• Infection
• Malignancy
• Hypercoagulable state:

– Protein C/S def, Factor V Leyden, 
antiphospholipid Ab, asa insensitivity, MTHFR 
C667T mutation, HIT, antithrombin def, 
plasminogen def



• Heat generated by pump rotors
• Outflow graft kink/compression

– Disconnected graft protector w 
impingement (HMII)

– Positional

Predisposing Factors
VAD Related



• Inadequate anticoagulation:
– No heparin bridging
– Subtherapeutic INR
– Ongoing/recurrent GIB/epistaxis

• Absence of antiplatelet agent
• Inflow cannula malposition
• Low pump flow due to:

– Low speed setting to manage AI, GIB or 
assess/induce recovery

– Suboptimal HTN management

Predisposing Factors
Management Related



Pump Thrombus: 
Signs/Symptoms

• Asymptomatic:
– Transient or sustained power elevations
– Early or late post implant

• Symptomatic:
– Hemolysis (pfhgb, bilis, LDH, dark urine)
– CHF (left- ± right-sided)



Diagnostic Evaluation

• Imaging
– CXR
– CTA
– Echo

• Usual windows
• Ramp studies

– LHC: V-gram, Outflow-gram
• Hemodynamics: RHC



Imaging - X Ray

• Assess Inflow and Outflow (HMII)

Detached outflow protectorSuboptimal inflow angle

a b

a, courtesy V Jeevanandam;  b, courtesy Thoratec Inc



Imaging - CT(A)

Mishkin et a. Circ Heart Fail 2012;5:e27-9



Imaging - CT(A)

Inflow Thrombus Malpositioned Inflow 



Imaging - Echo

• LV thrombus
• Dilated LV
• Mitral regurgitation
• Aortic valve opening
• Failure to reduce LVEDD with increase 

RPMs - Ramp study



Imaging - Echo

Medially displaced inflow



Echo - Ramp Study

Uriel N, et al. JACC 2012

Stepwise increase in LVAD speed with Echo monitoring of
LVEDD, PI, power, MR, AI and RVSP)



RHC/LHC

• RHC: elevated PCWP and right sided 
pressures

• LHC: dye into LV cavity to assess 
outflow graft filling or direct dye into 
outflow via retrograde catheter



Thrombosis Workgroup

• Clinicians interested in addressing 
pump thrombus/power spikes seen in 
last 12 mo among recipients of HMII

• Facilitated by Thoratec Inc.
• Goal: algorithm for pump thrombus 

evaluation and management



Definitions:
1Power Elevations: 
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b) Sustained (> 24hrs) Power Increase > 2W from Baseline

Power Elevations1
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LV Unloading?

• Do nothing different
• Close follow‐up

Yes

early
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Pump Exchange
Subcostal approach

• Avoids resternotomy morbidity
• Direct access to pump 
• Groin cannulation or off pump
• Reserved for pump thrombus limited 

to pump housing.
• Shorter CPB, less bleeding
• Shorter LOS 

Figure from Ota et al JHLT 2014



NEJM 2014;370:33-40 JHLT 2014;370:33-40

Survival after Exchange



LDH 
• Preferred serological marker of hemolysis
• Earlier marker than pfHgb
• 2.5 x ULN is highly suggestive



Thrombus in Literature



Incidence & Rate

HMII BTT, NEJM 2007, n=133 2% 0.03

HMII DT, NEJM 2009, n=134 4% 0.024

HMII DT CAP, Circ HF 2009, n=281 6% 0.038

HW BTT, Circulation 2012, n=137 2.1% 0.03

HW BTT + CAP, JHLT 2014, n=382 8.1% 0.08

INTERMACS HMII, JHLT 2014, n=6910 5.5% NA

HMII, NEJM 2014 n=837 8.4% NA

Incidence Event ppy



Mehra M et al. JHLT 2014



Summary

• Pump thrombus is dreaded complication of 
CF LVAD technology

• Assessment of modifiable risk factors 
essential (afib, mech valve,etc)

• Imaging and functional studies (ramp) can 
confirm diagnosis

• The proposed algorithm can serve as a 
launching point when confronted with 
suspected pump thrombus  



• Etiology of pump thrombus is likely  
MULTIFACTORIAL 

• Recommendations:
– High vigilance w LDH screening
– Pathology evaluation of all explants
– Accurate reporting of suspicious and confirmed 

events to INTERMACS
– Further large cohort studies to ascertain risk 

factors

Summary



Pearls

• Hemolysis = pump thrombus
• Serial LDH monitoring best method for early 

diagnosis
• If urine is black, exchange the pump
• If CHF/pump malfxn (high PCWP), exchange 

pump 
• For HMII, thrombus is typically a chronic fibrin 

deposition - don’t give thrombolytics
• Pump exchange via subcostal approach best 

option in HMII. 
• Thrombolytics may be considered for HW 

thrombosis if log file suggests recent event
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