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ABSTRACTS 

These descriptions are meant to serve as succinct, accurate descriptions of the proposed work when separated 
from the application. 

PROJECT OBJECTIVE:  (Provide a one to two sentence, non-technical description of the project’s overall objectives and key 
milestones.)  A major concern for the design of Left Ventricular Assist Devices (LVADs) is the potential to form a 
stroke-causing clot , a consequence of abnormal blood flow patterns. The objective of this project is to improve 
LVAD design by (i) building an in vitro test system that simulates the human heart and circulation, (ii) using 
Particle Image Velocimetry (PIV) to evaluate the 3-D flow in the simulated heart with and without an LVAD, and 
(iii) proposing LVAD design changes to decrease thrombogenicity. 

TECHNICAL ABSTRACT FOR EXPERT REVIEWERS: 
 Left Ventricular Assist Devices are mechanical pumps used clinically to improve or replace the 
function of the failing heart and restore end-organ blood flow, providing a “bridge to transplantation” 
for a few hours to a few years. Each year, only 2200 of the 4.7 million Americans with CHF receive 
heart transplants, while 48,000 CHF patients die. Many of these patients could have their lives 
extended if LVADs were available for permanent implantation. Newer LVADs, designed to fit into 
smaller persons, have resulted in higher incidence of stroke and complications. The thrombogenicity of 
all LVADs is primarily due to platelet activation by contact with foreign surfaces and by 
nonphysiological flow patterns which can be corrected following careful study. Our research addresses 
this problem by creating an experimental system for measuring the 3-D flow field in a simulated heart 
and circulation both with and without an LVAD. The broad goal of this research is to improve the 
design of LVADs and their integration into the human body by providing detailed information on the 3-
D blood flow through the native heart when using these devices. The specific aims of this proposal are: 
(i) to design and build an in vitro “pulse duplicator” that accurately simulates the human heart and 
circulation, (ii) to measure the 3-D flow field in the simulated heart with and without an LVAD using 
Particle Image Velocimetry (PIV), and (iii) to propose design or implantation changes to decrease 
thrombogenicity in LVADs. The results of this research will be most useful to engineers, for 
improvements in LVAD design; surgeons, who may use this tool to modify implantation techniques; 
and to patients whose lives will be made safer. 
EXECUTIVE SUMMARY  [NON-CONFIDENTIAL, NON-TECHNICAL ABSTRACT FOR PUBLIC INFORMATION OR 
PROGRAM PROMOTION]:  State the application’s broad, long-term objectives and specific aims, making reference to the 
potential public benefits of the project relevant to California.  Do not include proprietary or confidential information.  This may 
be distributed before the funding decision has been finalized. 
 Left Ventricular Assist Devices (LVADs) are mechanical pumps implanted in patients to improve 
or replace the function of a failing heart and restore end-organ blood flow. Newer LVADs, designed to 
fit into smaller persons, have resulted in higher incidence of stroke and complications. This abaility to 
produce clots arises from nonphysiological flow patterns which can be corrected following careful 
study. Our research addresses this problem by creating an experimental system for measuring the 3-D 
flow field in a simulated heart and circulation both with and without an LVAD. The broad goal of this 
research is to improve the design of LVADs and their integration into the human body by providing 
detailed information on the blood flow through the native heart when using these devices. 
Undergraduate engineering students have designed and constructed a prototype system using state-of-
the-art software and machining tools. The system will be modified and improved to produce the final 
version, and flow visualization studies performed in the fall. The results of this research will be most 
useful to surgeons, who may use this tool to modify implantation techniques; engineers for 
improvements in LVAD design; and to patients whose lives will be made safer. 


