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The effecT of TurbulenT Viscous shear sTress on red 
blood cell hemolysis
Jen-Hong Yen,1 Sheng-Fu Chen,2 Po-Chien Lu.1 1Department of Water 
Resources and Environmental Engineering, Tamkang University, Tamsui 
Dist., New Taipei, Taiwan; 2Division of Medical Engineering, National 
Health Research Institutes, Zhunan, Miaoli County, Taiwan.

nonphysiological turbulent flow occurs when blood flows through 
cardiovascular devices, resulting in hemodynamic stresses that may 
damage red blood cells and cause hemolysis. Hemolysis was previ-
ously thought to result from reynolds stress in turbulent flows. A more 
recent hypothesis suggests that viscous dissipative stress at spatial scales 
similar in size to red blood cells are related to the red blood damage. 
We applied two-dimensional digital particle image velocimetry (DPiV) 
to measure the flow field of a free submerged axi-symmetric jet that 
was utilized to hemolyze porcine red blood cells in selected locations. 
Assuming a dynamic equilibrium between the resolved and sub-grid 
scale (SgS) energy flux, the SgS energy flux was calculated from the 
strain rate tensor computed from the resolved velocity fields. The SgS 
stress was determined by the Smagorinsky model, from which the turbu-
lence dissipation rate and then the viscous dissipative stresses were esti-
mated. our results showed that the hemolytic threshold of the viscous 
dissipative stress is approximately 200 Pa and the reynolds stress is up 
to 600 Pa. The results provide further new insight into the relationship 
between turbulence and red blood cell damage.

TheoreTical inVesTigaTion of recirculaTion wiTh dou-
ble-lumen balloon caTheTers
Yoichi Marushita,1 Yuka Motohashi,1 Toshio Sato,1 Shinichi Takeuchi,1 
Tetsuzo Agishi.2 1Clinical Engineering, Toin University of Yokohama, 
Japan; 2Medicine, Oita University, Oita, Japan.

Purpose: Double-lumen balloon catheters (B-DLCs) used in hemodialy-
sis prevent the occurrence of poor blood removal due to malpositioning 
of the tip against the vascular wall by inflating a balloon at the catheter 
tip. However, balloon dilation causes blood retention, which might result 
in intravenous thrombus formation. We therefore performed a theoretical 
investigation of the effect of B-DLC balloon dilation on blood flow using 
the finite element method (FeM) and examined how this impacts recir-
culation. methods: The present study analyzes flow in a side-hole type 
B-DLC using AnSYS CFD. An analytical model of the B-DLC tip during 
balloon dilation was created to investigate the effects of balloon dilation 
on blood flow and recirculation. The balloon dilation rate was defined in 
terms of the internal diameter (12.0 mm) of the simulated vessel in which 
the DLC was placed. We then examined the effects of different distances 
between the inlet and outlet holes of the B-DLC during balloon dilation 
on recirculation in models. Distances were based on the hole at the DLC 
tip, and models of distances of 0, 10, 20, and 35 mm from this hole 
were created.  results: Blood retention was evident downstream of the 
balloon for both standard and reverse connections of the DLC, and this 
was more pronounced at higher balloon dilation rates. Changes in recir-
culation rates with various distances between the inlet and outlet holes 
during balloon dilation showed that the recirculation rate increased with 
increasing distance. A comparison of recirculation rates before and after 
balloon dilation of the same B-DLC showed a lower recirculation rate for 
the reverse connection when the balloon was dilated.

haemolysis eValuaTion of cenTrifugal biVad using com-
PuTaTional fluid dynamics analysis
Jeerasit Bumrungpetch, Andy C Tan, Peter Wilson. Science and 
Engineering Faculty, Queensland University of Technology, Brisbane, 
QLD, Australia.

Heart failure is still a growing concern worldwide with over half a 
million patients each year. Ventricle assist device (VAD) has been able 
to provide some form of support in assisting the native ventricle to pump 
blood through the body, thereby reducing pressure on hospital while 
the patients waiting for heart transplantation or cardiac recovery. While 
most of the VADs are designed to assist either the right or left ventricle, it 
has been reported that up to 50% of LVAD recipients demonstrate clini-
cally significant postoperative right ventricular failure. With this in mind, 
BiVAD has been developed to effectively support both the left and right 
ventricles, pumping blood to the systemic and pulmonary systems. in 
this study, computational fluid dynamic (CFD) was used in the develop-
ment of a centrifugal BiVAD with a semi-open impeller. The structure of 
this blood pump comprises both an LVAD and an rVAD, each of which 
has its independent impeller, chamber, inlet, and outlet. A small passage 
between the LVAD and rVAD was constructed to avoid blood stagna-
tion underneath the impellers which is one of the critical points in heart 
pump to avoid the risk of thrombosis. The simulations showed blood can 
flow smoothly in both sides of the device with a flow rate of approxi-
mately 0.002-0.004. Haemolysis was analyzed based on the shear stress 
information; the BiVAD design has lower blood damage than the clinical 
limit, with values as low as niH=0.00302g/100l. it was also observed 
that the fluid swirls smoothly through the passage with no vortex but 
some low velocity zones were observed which may lead to the formation 
of thrombus and require further optimization of the design.

non-inVasiVe eValuaTion of sTenosis using Vascular 
access based on QuanTiTaTiVe shunT murmur analysis
Toshio Sato,1 Yuka isono,1 Haruna Hoshino,1 noriaki nakane,1 Yuka 
Motohashi,1 Tetsuzo Agishi.2 1Clinical Engineering, Toin University of 
Yokohama, Yokohama, Kanagawa, Japan; 2Medicine, Oita University, 
Oita, Japan.

Purpose: This report describes an experimental investigation of 
changes in shunt murmur caused by differences in stenosis rate and in 
the measurement position downstream from the stenosis. At the same 
time, the authors are seeking to theoretically determine changes in 
shunt murmur accompanying changes in the stenosis rate and measure-
ment position through fluid-structure interaction analysis using FeM. To 
verify the analysis results, the flow downstream from the stenosis was 
also visually demonstrated using a PiV. methods: Changes in the shunt 
murmur caused by differences in the stenosis rate and measurement 
position were quantitatively evaluated by calculating the normal cross-
correlation coefficient r. Using the shunt murmur when the stenosis rate 
was changed in a stepwise manner and when there was no stenosis as 
the reference data, and the shunt murmur when the stenosis rate was 
changed in a stepwise manner as the comparison data, the r between 
the two images was calculated. A fluid-structure interaction analysis was 
conducted under the same conditions as the experimental conditions. 
 results: Looking at the results for measurements of the shunt murmur 
downstream from the stenosis that were taken while changing the posi-
tion at which the sensor was installed, it was confirmed that there were 
numerous high-frequency components in close proximity to the stenosis, 
but these high-frequency components attenuated as the measurement 
position was moved away from the stenosis, as low-frequency com-
ponents became the dominant components. in conjunction with that 
change, there was also a tendency for r to decrease as the measurement 
position moved away from the stenosis.
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conTrolled PiTch-adjusTmenT of imPeller blades for an 
inTraVascular blood PumP
Amy L Throckmorton,1 Michael g Sciolino,1 emily A Downs,1 Sergio 
Lopez-isaza,1 William B Moskowitz.2 1Mechanical and Nuclear 
Engineering, Virginia Commonwealth University; 2Pediatric Cardiology, 
Virginia Commonwealth University.

Thousands of mechanical blood pumps are currently providing cir-
culatory support, and the frequency of their use is on the rise. As the 
utilization of blood pumps becomes more pervasive in the treatment of 
those patients with congestive heart failure, critical advances in design 
features to address known limitations and the integration of novel tech-
nologies become even more urgent. To advance the current state-of-
the-art in blood pump design, this study investigates the inclusion of 
pitch-adjusting blade features in intravascular blood pumps as a means 
to increase energy transfer – an approach not explored to-date. A flex-
ible impeller prototype was constructed with a configuration to allow 
for a variable range of twisted blade geometries of 60°-250°. Hydraulic 
experiments using a blood analog fluid were conducted to character-
ize the pressure-flow performance for each of these twisted positions. 
The flexible, twisted impeller was able to produce 1-25 mmHg for 0.5-4 
L/min at rotational speeds of 5000-8000 rPM, as required to support 
single ventricle patients. Hemolysis studies revealed acceptable levels of 
blood trauma for various twisted blade conditions and rotational speeds. 
For a given twisted position, the pressure rise was found to decrease 
as a function of increasing flow rate, as expected. generally, a steady 
increase in the pressure rise was observed as a function of higher twisted 
degrees for a constant rotational speed. Higher rotational speeds for a 
specific twisted impeller configuration also resulted in a more substan-
tial pressure generation. The findings of this study support the continued 
exploration of this unique design approach in the development of intra-
vascular blood pumps.

exPerimenTal inVesTigaTion of recirculaTion raTio 
during reVerse connecTion of dlcs wiTh differenT TiP 
shaPes
Hideki ishigaki,1 Keiichi Yorizumi,1 Yuka Motohashi,1 Toshio Sato,1 
Tetsuzo Agishi.2 1Clinical Engineering, Toin University of Yokohama, 
Yokohama, Kanagawa, Japan; 2Medicine, Oita University, Oita, Japan.

Purpose: Dialysis therapy is continued in clinical settings by reversing 
the normal connections of the DLC. With reverse connection, however, 
recirculation occurs, greatly decreasing the efficiency of dialysis. Dialy-
sis time is therefore extended based on the expected decrease in dialysis 
efficiency, but determining the amount of extra time requires a quanti-
tative understanding of the recirculation ratio. Therefore, with the aim 
of obtaining a measure of how much dialysis time should be extended 
during reverse connection by quantitatively understanding the effects of 
each factor on the DLC recirculation ratio, we measured the recircula-
tion ratio during reverse connection of DLCs with different tip shapes. 
methods: The DLC was inserted so that its tip was located in the center 
of the simulation vessel. Vitamin B2 aqueous solution was flowed in the 
simulation vessel. Ten minutes after the start of dialysis therapy, solution 
samples were taken from the sampling ports on the arterial and venous 
sides of the dialyzer. The blood flow rate with side hole and end hole 
type DLCs was changed during reverse connection, and the recirculation 
ratio was measured. We also investigated the effect of balloon expansion 
in a side hole type DLC on the recirculation ratio.  results: The recircula-
tion ratio was found to be higher with the side hole type DLC than with 
the end hole type DLC. The results showed that balloon expansion did 
not have much of an effect on the recirculation ratio. We also found from 
visualization using PiV of the flow near the DLC tip that the flow near the 
tip affects the recirculation ratio.

inVesTigaTion of The use of PiV To Visualize flow wiThin 
differenT TyPes of Venous air TraP chamber
Shinobu Yamauchi,1 Yuka Motohashi,1 Toshio Sato,1 Tetsuzo Agishi.2 
1Clinical Engineering, Toin University of Yokohama, Yokohama, 
Kanagawa, Japan; 2Medicine, Oita University, Oita, Japan.

Purpose: The most commonly used anticoagulant during hemodialy-
sis therapy is heparin, and the amount used is adjusted for individual 
patients in different hospitals according to the activated clotting time. 
However, clotting within the circuit cannot be completely prevented, 
and will always occur to some extent. The venous air trap chamber is 
one location favorable for clotting in blood circuits, and clotting may 
be related to factors such as the amount of anticoagulant used, chamber 
shape, and blood retention time. We used particle image velocimetry 
(PiV) to perform a basic investigation to assess the location of blood clot-
ting in differently shaped venous air trap chambers, by visualizing flow 
within chambers of a variety of shapes in clinical use. methods: Three 
chambers with different shapes of blood inflow orifice were used: the 
top inflow type, in which blood flows into the chamber from above; the 
side inflow type, in which blood flows into the chamber from the side; 
and the spiral type, in which blood flows into the chamber from the side 
to form a spiral flow. Two types of filtration net to prevent blood clots 
from flowing back into the body were also used: one comprising a lat-
tice underneath the chamber with spacing of around 200 mm; and the 
other a cone-shaped filtration net, making a total of six different types 
of chamber. To visualize flow within the chamber with PiV, the cham-
ber was fixed to a specially designed fixture to immobilize it vertically. 
 results: The visualization experiment demonstrated vortex flow genera-
tion and water retention within the air trap chamber. Vortex flow genera-
tion and water retention varied with different chamber shapes.

funcTional assessmenT of Vascular access by shunT mur-
murs aT arTerial Vascular anasTomosis
Yuka Motohashi,1 Yuka isono,1 noriaki nakane,1 Toshio Sato,1 Tetsuzo 
Agishi.2 1Clinical Engineering, Toin University of Yokohama, Yokohama, 
Kanagawa, Japan; 2Medicine, Oita University, Oita, Japan.

Purpose: We investigated a new method of evaluating vascular access 
(VA) function using time-frequency analysis of shunt murmurs. We pre-
viously measured shunt murmurs at sites of arteriovenous anastomosis 
and stenosis, but shunt murmurs at such sites can be drastically affected 
by even slight deviations, such as in sensor position. Here, we measured 
shunt murmurs using acceleration sensors placed on brachial artery 
around elbow far from arteriovenous anastomosis. We also evaluated VA 
function in the absence of any change in sensor placement and inves-
tigated shunt murmurs upstream of venous stenoses in an experimental 
model. methods: Sensors were positioned at arteriovenous anastomo-
sis, 5 cm upstream of a stenosed site, and at the brachial artery around 
the elbow. Shunt murmurs before and after PTA were measured and 
examined using time-frequency analysis. Differences between images 
were quantified by calculating the normal correlation coefficient (r). 
experimental pulsatile flow in a stenosis model, prepared by tightening 
a clamp and shunt murmurs at several locations upstream of a stenosed 
site, was measured and analyzed. We also applied a theoretical analysis 
using FeM.  results: Analyses of shunt murmurs before and after PTA 
showed that all r values decreased at sites of arteriovenous anastomosis, 
5 cm upstream from the stenosed site, and at the brachial artery around 
the elbow. in particular, r tended to significantly change at the site of 
the brachial artery around the elbow as shunt blood flow rate increased. 
if flow rate did not change upstream of the stenosed site, shunt murmur 
changes according to sensor position were small in the experimental and 
theoretical analyses.
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hyPerVolemic infusion of Poly(eThylene glycol) surface 
conjugaTed Vesicles encaPsulaTing hemoglobin aTTenu-
aTes The inTrinsic VasoacTiViTy of cell-free hemoglobin
Andre F Palmer,1 Pedro Cabrales.2 1William G. Lowrie Department of 
Chemical and Biomolecular Engineering, The Ohio State University, 
Columbus, OH; 2Bioengineering, University of California, San Diego, 
La Jolla, CA.

Widespread clinical usage of acellular hemoglobin (Hb)-based o2 
carriers (HBoCs) has been hampered by their ability to elicit both vaso-
constriction and systemic hypertension. This is primarily due to the abil-
ity of cell-free Hb to scavenge endothelial-derived nitric oxide (no). 
encapsulation of Hb inside the aqueous core of liposomes retards the 
rates of no dioxygenation and o2 release, which should reduce or 
eliminate the vasoactivity of Hb. our aim was to determine the extent 
of systemic and microvascular vasoactive responses (hypertension, vaso-
constriction and hypoperfusion) after infusion of vesicle encapsulated 
Hbs, in which the encapsulated Hb is in either the deoxygenated or car-
bon monoxide (Co) state (HbV and CoHbV, respectively). To investigate 
this hypothesis, we used the hamster window chamber model subjected 
to two successive hypervolemic infusions of HbV and CoHbV solutions 
(each infusion represents 10% of the animal’s calculated blood volume) 
at Hb concentrations of 7 and 10 g/dL. The hypervolemic infusion model 
used in this study has all the regulatory mechanisms responsible for 
predicting the vasoconstrictive responses of HBoCs. This study demon-
strate the absence of vasoconstrictive and hypertensive responses upon 
single and multiple infusions of HbV and CoHbV solutions. The HbV 
and CoHbV solutions increased the plasma o2 carrying capacity and 
delivered low therapeutic levels of Co without inducing any microcir-
culatory disturbances. overall, vesicles containing Hb can be used as a 
new therapeutic agent in transfusion medicine to treat anemia and revert 
hypoperfusion.

cfd analysis of eValuaTion meThod of coronary arTery 
sTenosis by measuring coronary arTery Pressure
Saeka Sunohara,1 Yoichi Marushita,1 Yuka Motohashi,1 Toshio Sato,1 
Masato otsuka,2 Yukio Tsurumi.2 1Clinical Engineering, Toin University 
of Yokohama, Yokohama, Kanagawa, Japan; 2Cardiology, Heart Center, 
Yokohama General Hospital, Yokohama, Kanagawa, Japan.

Purpose: Fractional Flow reserve (FFr) is used for physiological eval-
uation of severity of coronary artery stenosis by measuring the coronary 
artery pressure. This report describes a study in which two stenosis mod-
els with the same stenosis rate but different stenosis lengths were cre-
ated, and the FFr was determined by measuring the pressure proximal 
and distal to the stenosis, using a pressure guide wire. Computational 
fluid dynamics (CFD) analysis of the coronary artery stenosis was also 
performed to establish a theoretical relation between the severity of the 
stenosis and the FFr. methods: Two acrylic test models with a stenosis 
rate of 50% were prepared, one with a stenosis length of 10 mm and the 
other with a stenosis length of 20 mm. A roller pump was then used to 
send a flow of water at flow rates of 100 to 500 mL/min through the test 
models, and a pressure guide wire was used to measure the pressures 
proximal and distal to the stenosis. Additionally, CFD analysis models 
that were the same as the test models were created, and the flow when 
water was circulated through the analysis models at the same flow rates 
as the test models was analyzed.  results: in the results obtained using 
the test models, FFrs of 0.7 to 0.8 were demonstrated at stenosis lengths 
of 10 mm and 20 mm, respectively, when the flow rate was changed, 
and the values obtained were close to those obtained in actual clinical 
practice for coronary artery stenosis having the same stenosis rate. More-
over, looking at the visualization results for the flow using particle image 
velocimetry (PiV), it was confirmed that the flow conditions correlated 
well with the analysis results.

comParison of cfd PredicTed and PiV measured flow 
dynamics of mVad® PumP
M ertan Taskin, Jeffrey r Kennington, Jeffrey Larose. HeartWare Inc., 
Miami Lakes, FL.

Purpose: Computational Fluid Dynamics (CFD) has been utilized as 
a design and analysis tool in the medical device industry. Thus, reliable 
predictions are essential. We used Particle image Velocimetry (PiV) to 
obtain flow fields and variables, and performed comparisons to CFD 
predictions for a wide range of MVAD Pump operating conditions. 
 methods: For PiV measurements, a transparent MVAD Pump was built 
and mounted into a tank. glycerol/water solution was used in the test 
loop with 10 micron silver coated particles. The high speed camera 
was used to capture the images over the laser illuminated visualization 
planes. For CFD predictions, a tank-mounted MVAD Pump geometry was 
developed. A hybrid mesh structure was constructed with prism layers 
attached to the walls. The Shear Stress Transport turbulence model was 
used to obtain steady-state flow solutions. Comparisons were performed 
over the cross-sectional and translational planes of the inlet, volute and 
outlet regions capturing extreme and normal operating conditions (1-6 L/
min, 10k-22k rPM).  results: CFD and PiV streamlines provided compa-
rable flow characteristics. The high and low velocity regions were accu-
rately predicted. High strain rate spots around the hub and the tongue 
of the volute were captured well with both methods. The CFD and PiV 
velocity profiles, obtained along a drawn line in the central volute, were 
aligned. Maximum deviations were seen at local spots closer to hub with 
a 47% overprediction of velocities at 6 L/min.  conclusions: The CFD 
predictions were found to be in good agreement with PiV measurements 
both qualitatively and quantitatively. cauTion: investigational device. 
limited by united states law to investigational use.

an imProVed meThod To aTTenuaTe Thrombosis by niTric 
oxide secreTing Polymers
Hitesh Handa,1 Terry C Major,1 Lahdan refahiyat,2 elizabeth J Brisbois,2 
David o Brant,1 Mark e Meyerhoff,2 gail M Annich,1 robert H Bartlett.1 
1Surgery, University of Michigan, Ann Arbor, MI; 2Chemistry, University 
of Michigan, Ann Arbor, MI.

statement of Purpose: no is an endogenous vasodilator as well 
as natural inhibitor of platelet adhesion and activation, which can be 
released from a no donor compound such as diazeniumdiolated dibu-
tylhexanediamine. But the short duration of no release and the use of 
toxic additives have made it impossible to use these coatings. in this 
study an alternative additive, which is not only FDA approved and non-
toxic, but can also sustain no release for much longer periods of time, 
was evaluated in vitro and in short term in vivo rabbit model of throm-
bogenicity (patent application in process). methods: Various polymer 
formulations were studied to obtain an no release for up to 2 weeks. 
no release (norel) coatings were tested using chemiluminescence no 
analyzer under physiological conditions. A 4 hour rabbit thrombogenic-
ity model was utilized to evaluate norel coatings on extracorporeal 
circulation. Platelet counts were obtained using a Coulter counter and 
platelet function measured via optical aggregometry. Thrombus forma-
tion was determined using the image J software.  results: The norel 
coatings continuously released 7-18x10-10mol/cm2-min no for 14 days 
at 37°C in PBS buffer. Four out of 7 control circuits were clotted within 
3 h. Platelet count after 4 h on the norel eCC were preserved (94% as 
compared to 47% on control circuits). norel coatings showed a sig-
nificant decrease in the thrombus area as compared to the controls (1.5 
pixels/cm2 vs. 6.5 pixels/cm2).  conclusions: We were able to utilize a 
non-toxic and FDA approved additive to sustain no release for up to 2 
weeks. The acute in vivo data show promising results with high platelet 
preservation and significant reduction in thrombus formation.



4 ASAIO Bioengineering ABSTrACTS

deVeloPmenT of a hydraulic mock circulaTory sysTem
Feng Huang, Xiaodong ruan, Jun Zou, Xin Fu, Huayong Yang. The State 
Key Laboratory of Fluid Power Transmission and Control, Hangzhou, 
Zhejiang, China.

Purpose: A mock circulatory system (MCS) is widely used in the 
research and development of cardiovascular devices. This study 
attempts to provide a quick construction of a MCS for ventricular assist 
devices (VAD) evaluating and relevant control strategies developing. 
method: This MCS with a centrifugal pump driven left ventricle mimics 
the systemic circulation of a human body. By employing the lumped 
parameter method, the compliance of the aorta and the resistance of 
the circulation are realized via a chamber with a certain volume of air 
and a throttle respectively. The veins and left atrium are regarded as 
blood storage, and an open-to-atmosphere reservoir is used to substi-
tute them. Left ventricular pressure (LVP) and aortic pressure (AoP) as 
well as aortic flow (AoF) are collected by a data acquisition card and 
recorded in the LabVieW program.  results: Figure 1 shows the results 
including pressure and flow waveforms derived from the MCS in both 
normal and pathological conditions. Under the normal condition, the 
AoP varies from about 80mmHg to 120mmHg while the LVP is approxi-
mately 10~120mmHg, with an average AoF reaching 6L/min. All these 
values except end-diastolic LVP have an obvious decline in pathological 
condition. conclusion: The MCS demonstrates its good performance in 
reproducing the basic hemodynamic characteristics. it will be useful for 
testing a VAD and other cardiovascular devices.

comPuTaTional analysis of blood flow and emboli To 
undersTand reTinal arTery occlusion
Tim AS Kaufmann,1 Christoph Leisser,2 Thomas Schmitz-rode,1 Ulrich 
Steinseifer.1 1Department of Cardiovascular Engineering, Institute of 
Applied Medical Engineering, RWTH Aachen University, Aachen, 
Germany; 2Ophthalmology, Klinikum Merheim, Kliniken der Stadt Köln 
gGmbH, Cologne, Germany.

Purpose: retinal Artery occlusion (rAo) is an ocular vascular occlu-
sive disorder associated with systemic cardiovascular disease that may 
lead to retinal ischemia with sudden visual defects. it is assumed that 
rAo is mainly caused by systemic emboli, possibly from endocarditis. 
However, intraarterial thrombolysis is no sufficient treatment and cur-
rent research is mostly focused on risk factors. Analysis of blood flow 
and clot behavior may therefore help to understand mechanisms behind 
rAo and improve patient treatment. methods: A 3D model of the junc-
tion of internal carotid (iCA) and ophthalmic artery (oA) was generated 
based on Mri data. A second model was created by adding an artificial 
50% stenosis to iCA. Computer simulations of blood flow with dispersed 
clots (5-500µm) were performed in both models. Boundary conditions 
were obtained from literature and varied +/- 50%. Post-processing was 
focused on blood and clot distribution, since only clots reaching the oA 
may cause rAo. results: Blood flow to the oA was 8% +/- 0.5%. As 
reported clinically, it was not affected by a 50% stenosis. Approx. 10% of 
all clots were washed into oA. For the regular model, they were mainly 
located in the near wall flow, such that larger clots were more likely 
to cause rAo. This phenomenon did not occur for the stenosis model, 
due to highly disturbed blood flow distal to the stenosis. Consequently, 
90% of all clots were washed into the brain, but previous strokes are 
reported in only 19% of rAo patients. This suggests that either smaller 
clots may cause rAo, but remain unnoticed when reaching the brain, or 
that emboli are not the only cause of rAo. Lastly, clots might develop 
behind the junction of iCA and oA.

effecTs of shear raTe on Thrombus formaTion raTe 
for PiPe orifice flows using laser sheeT VisualizaTion 
meThod
Masaaki Tamagawa, ryoji Moriya, ryosuke Motooka, Tatsuki Harazono. 
Graduate School of Life Science and Syetems Engineering, Kyushu 
Institute of Technology, Kitakyushu, Fukuoka, Japan.

background: To suppress the hemolysis and avoid the thrombus is very 
important and serious problem in developing the rotary blood pumps. 
The main physical factors of thrombus formation are considered to be 
high shear rate worked on platelets. But actually there are no apparent 
evidences of the relation between high shear rate and thrombus forma-
tion in many previous researches. method: The thrombus formation on 
various pipe orifice flows with blood plasma was visualized by high 
speed camera and laser sheet to elucidate the relation between the shear 
rate and thrombus formation rate on the wall.  results: By image process-
ing the brightness data using laser sheet, it was found that the thrombus 
formation begins around the recirculation area comparing flow separa-
tion line by CFD. The thrombus formation rate on the wall was obtained 
by initial brightness history gradient at the beginning of the adhesion. it 
is considered that the effects of high shear rate region are large because 
there are some correlations between orifice geometries and thrombus 

formation rate. 
 conclusions: (1)
By observation of 
laser sheet image, 
thrombus begins 
at the wall around 
the recirculation 
area, (2)From the 
comparison of all 
geometries, there 
should be large 
effects of shear rate 
such as sharp edge 
on the thrombus 
formation rate.

Plasma exPander ViscosiTy effecTs on red cell-free layer 
Thickness afTer moderaTe hemodiluTion
ozlem Yalcin, Pedro Cabrales. Bioengineering, University of California, 
San Diego, La Jolla, CA.

The objective of the study was to investigate the effects of plasma 
viscosity after hemodilution on the thickness of the erythrocyte free layer 
(CFL), the interface between the flowing column of erythrocytes and the 
vascular endothelium. The erythrocyte CFL thickness was measured in 
the rat cremaster muscle preparation. Plasma viscosity was modified in 
an isovolemic hemodilution, in which the systemic hematocrit (Hctsys) 
was lowered to 30%. The plasma expanders (Pes) of similar nature and 
different viscosities were generated by glutaraldehyde polymerization of 
human serum albumin (HSA) at various molar ratios (Mr) of glutaral-
dehyde to HSA: (i) unpolymerized HSA; (ii) PolyHSA24:1 Mr = 24 and 
(iii) PolyHSA60:1 Mr = 60. The HSA viscosities determined at 200 s-1 were 
1.1, 4.2 and 6.0 dyne cm-2, respectively. CFL thickness, vessel diam-
eter, and blood flow velocity were measured, while volumetric flow, 
shear rate and stress were calculated. Hemodilution with PolyHSA60:1 
increased plasma viscosity and the blood showed marked shear thin-
ning behavior. CFL thickness decreased as plasma viscosity increased 
after hemodilution; thus the CFL thickness with HSA and PolyHSA24:1 
increased compared to baseline. Conversely, the CFL thickness of 
PolyHSA60:1 was not different from baseline. Blood flow increased with 
both PolyHSA’s compared to baseline. Wall shear rate and shear stress 
increased for PolyHSA60:1 compared to HSA and PolyHSA24:1, respec-
tively. After hemodilution, Pe viscosity determined plasma viscosity and 
diluted blood rheological properties, they affected erythrocyte column 
hydrodynamics, changing the velocity profile, CFL thickness, and wall 
shear stress.
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meThod of risk analysis for daVs
reinaldo Squillante,1 Carolina Pachler,1 Andre CM Cavalheiro,1 Diolino 
J Santos Filho,1 Paulo e Miyagi,1 Aron JP Andrade,2 eduardo Bock,2 Jose 
r Cardoso.1 1Department of Mechatronics and Mechanical Systems 
Engineering, University of Sao Paulo, SP, Brazil; 2Department of 
Bioengineering, Institute Dante Pazzanese of Cardiology, Sao Paulo, SP, 
Brazil.

This work present an approach to apply the HAZoP (Hazard and 
operability) study to identify dangers and potential operability problems 
in patients with implanted VAD. This research was based on ieC 61882 
and used the following steps: (i) Proposal of a standard and complete 
descriptive representation of the system; (ii) representation of the sys-
tem’s parts and elements, their characteristics and their functionalities; 
(iii) Analysis of the interactions between the studied system and other 
systems. Based on the project developed at the Dante Pazzanese institute 
of Cardiology, the structural model of a VAD was proposed and is shown 
in figure below. This model is composed of elements of the cardiovas-
cular system, the VAD and its connections. Applying HAZoP analysis 
to the elements, failure modes are determined by the identification of 
deviations from expected behavior, by means of available sensors. When 
information about VAD is combined with values of pressure and blood 
flow at specific points of the system, it is possible to define the state 
in which the system is and indentify failure situations. From the results 
obtained a database for the synthesis of functions, for diagnosis of fail-
ures and for their treatment can be generated. When more knowledge 
about the behavior of the device and fault history is acquired, it is pos-
sible to update the results of HAZoP and improve the control architec-
ture of the VAD systematic proposal.

a sysTem for real Time VisualizaTion of PlaTeleT dePosi-
Tion onTo oPaQue surfaces using hemoglobin dePleTed 
blood
Megan A Jamiolkowski,1,2 Joshua r Woolley,1,2 Sang-Ho Ye,1,2 Salim e 
olia,1,2 Marina V Kameneva,1,2 James F Antaki,3 William r Wagner.1,2 
1McGowan Institute for Regenerative Medicine, Pittsburgh, PA; 
2Bioengineering, University of Pittsburgh, Pittsburgh, PA; 3Carnegie 
Mellon University, Pittsburgh, PA.

Purpose: Due to erythrocyte opacity, it has been difficult to develop a 
method for assessing real time platelet deposition onto opaque surfaces 
using whole blood. Using hemoglobin depleted red blood cells (rBC 
ghosts) and long working distance optics we sought to develop a system 
for such visualization. methods: The similarity of the rheological proper-
ties of rBC ghosts versus native red blood cells (rBCs) was determined 
by comparing kinematic viscosity and cell deformability. Microscopic 
visualization was performed by perfusing a suspension of fluorescently 
labeled platelets and rBC ghosts at a hematocrit of 25% through a cus-
tom designed parallel plate flow chamber across a variety of clinically 
relevant opaque biomaterial surfaces.  results: Fluorescent images of 
platelet deposition were acquired in real time and were analyzed for 
platelet surface coverage using a customized MatLab (Mathworks) pro-
gram. Platelet deposition was verified by scanning electron microscopy. 
The kinematic viscosity and deformability of rBC ghosts were found to 
be statistically equivalent to native rBCs as determined by a repeated 
measure AnoVA (P >0.05, n=9). conclusion: Hemoglobin depleted 
blood provides a viable method for assessing the acute hemocompatibil-
ity of opaque materials. This protocol will be used to compare both com-
monly used materials, (e.g. highly polished titanium alloy, TiAl6V4) and 
alternative materials or coatings. The ultimate objective is to improve the 
biocompatibility of blood-contacting devices, such as ventricular assist 
devices (VADs).

a noVel miniaTure cPb model using raT for PaThoPhysi-
ological examinaTion
Yutaka Fujii,1,5 Mikiyasu Shirai,1 Shuji inamori,2 Yoshiaki Takewa,3 eisuke 
Tatsumi,3 Yoshiyuki Taenaka.4,5 1Department of Cardiac Physiology, 
National Cerebral and Cardiovascular Center Research Institute, Suita, 
Japan; 2Department of Clinical Engineering,Faculty of Health Sciences, 
Hiroshima International University, Higashihiroshima, Japan; 3Department 
of Artificial Organs, National Cerebral and Cardiovascular Center Research 
Institute, Suita, Japan; 4Research and Development Initiative Center, 
National Cerebral and Cardiovascular Center Research Institute, Suita, 
Japan; 5Graduate School of Medicine, Osaka University, Suita, Japan.

backgrounds: Cardiopulmonary bypass(CPB) is indispensable for 
cardiac surgery. Despite the fact that CPB is traumatic to blood com-
ponents and non-physiologic, its influence has not been fully explored. 
However, difficulty in clinical research and animal experiments keeps 
the knowledge insufficient. Therefore, it is desirable to have a miniature 
CPB system for small animals, which enables repetitive experiments, 
to study the mechanism of pathophysiological changes during CPB. 
 objectives: We establish a miniature CPB system and apply the system 
to the rat for investigating biochemical changes, and assess whether the 
rat CPB model is comparable to the human CPB. methods: The CPB 
system consisted of a membranous oxygenator (polypropylene, 0.03 
m2), tubing line (polyvinyl chloride, 2.0 MM) and roller pump. Priming 
volume of this system is only 15 ml. 12 rats were divided into the CPB 
group (n=7) and the Sham group (n=5). Blood samples were collected 
before, 20min and 60min after initiation of CPB. Changes in the levels 
of biochemical and inflammatory markers were compared between the 
groups. results: During CPB, the MAP and the Hb levels were main-
tained around 80 mmHg and 10 g/dl, respectively. Pump flow and blood 
gases were normally maintained in the both groups. on the other hand, 
LDH, ALT, AST, TnF-, iL-6 and iL-10 levels were significantly elevated 
in the CPB group, indicating some organ damages and systemic inflam-
matory responses during CPB. conclusions: We successfully established 
the CPB for the rat. This miniature CPB model could be a very useful 
approach for studying the mechanism of pathophysiology during CPB and 
basic assessment of the CPB devices.

basal sTudy on Three-dimensional hybrid arTificial 
organ wiTh fibrous scaffolds and cells
Masahiro Murai,1 norihiko Hata,2 Hiroo noguchi,3 ryo Yokoi,3 Kazuhiro 
nonaka,1 Yasuhiro Fukui,1,3 Akio Funakubo.1,3 1Graduate School of 
Science and Engineering, Tokyo Denki University, Hatoyama-machi, 
Hiki-gun, Saitama, Japan; 2Frontier Research and Development Center, 
Tokyo Denki University, Hatoyama-machi,Hiki-gun, Saitama, Japan; 
3Graduate School of Advanced Science and Technology, Tokyo Denki 
University, Hatoyama-machi,Hiki-gun, Saitama, Japan.

Cellular tissues have difficulty to construct arbitrary size and con-
figuration in culture. in this study, three-dimensional scaffolds were 
fabricated to construct a three dimensional hybrid artificial organ. The 
improved electrospinning method was developed with twin negative 
electrodes and a movable collector that is alginate gel beads. on this 
electrospinning method, the negative electrode was separated parallel at 
a distance and the spinning of fibrous scaffold was conducted between 
negative electrodes. The collector of fabricated scaffold was different 
from negative electrode. Fibrous scaffold was fabricated on the surface of 
alginate gel beads. After alginate gel beads were dissolved, the scaffold 
was fabricated at the three-dimensional structure with arbitrary configu-
ration. The cardiac muscle cells were cultured in the pouched three-
dimensional scaffolds. As the results, the beat was observed at a part of 
the pouched scaffolds. Moreover, the co-culture with smooth muscle 
and cardiac muscle cells was conducted to enhance the beat. in conclu-
sions, the three-dimensional pouched scaffold was fabricated by using 
the improved electrospinning method. The three-dimensional hybrid cell 
pouch with arbitrary configuration was constructed of pouched scaffolds 
and cardiac muscle cells. The beat was observed at a part of the hybrid 
cell pouch. Moreover, it was suggested that the co-culture with smooth 
muscle and cardiac muscle cells stimulated the synchronization of beat. 
These results demonstrated that the improved electrospinning method 
can be applicable for the development of the three-dimensional hybrid 
artificial organ with arbitrary configuration and cellular functions.
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Plga-gelaTin suPermacroPorous maTrix for lung Tissue 
engineering
Deepti Singh,1,2 Sung Soo Han.1,2 1Department of Nano, Medical & Polymer 
Materials, Yeungnam University, 214-1 Daedong, Gyeongsan, Korea; 
2Polygel Research Cluster Center, Yeungnam University, 214-1 Daedong, 
Gyeongsan, Korea.

Development in material technology for designing a porous scaffold 
for sustainable three dimensional (3-D) growth of cell is of particular 
interest in the field of tissue engineering. These scaffolds are often tailor-
made to mimic the micro-environment and extra cellular matrix of the 
tissue with very defined role. Blend of PLgA-gelatin (Pg) cryogel scaf-
fold synthesized showed interconnected porous network provided cells 
native environment for proliferation and the surface stiffness of matrix 
aided in lung cells attachment. MTT assay performed for the metabolic 
activity of cells and the DnA content of cells was found to be directly 
related to the total number of cells. Since in 3-D scaffold the surface 
area is more as compared to 2-D, hence along with better cell prolifera-

tion, structure formation was found 
and preferential alignment of the 
cells on these matrix shows promis-
ing cellular response to the cryogel 
matrix. The mechanical strength, stiff-
ness and elastic measurements of the 
scaffold indicated potential applica-
tion of these materials for lung tissue 
engineering.

iniTial biocomPaTibiliTy eValuaTion of The conTinuous-
flow ToTal arTificial hearT in a calf
Mariko Kobayashi, nicole Mielke, Jamshid H Karimov, David J Horvath, 
raymond Dessoffy, Steven Benefit, Shengqiang gao, Kiyotaka Fukamachi, 
Leonard Ar golding. Biomedical Engineering, Lerner Research Institute, 
Cleveland Clinic, Cleveland, OH.

Purpose: Cleveland Clinic’s continuous-flow total artificial heart 
(CFTAH) has one motor and one rotating assembly supported by a 
hydrodynamic bearing. To evaluate its biocompatibility, the CFTAH was 
implanted in a calf for 14 days. method: The native ventricles of the calf 
(body weight 89.6 kg) were replaced with the CFTAH via a median ster-
notomy. The pump speed was fixed at 3,100 rpm with 15% sinusoidal 
speed modulation. no anticoagulation drugs were given postoperatively 
except for heparinized solution (10 U/ml) for pressure monitoring lines. 
result: Animal’s condition was stable throughout the planned duration 
of 14 days. The measured right pump flow was 8.6 ± 0.8 L/min; pump 

power was 14.1 ± 1.2 W. Mean 
aortic and pulmonary arterial 
pressures were 99.2 ± 7.3 and 
32.1 ± 4.3 mm Hg, respec-
tively. The atrial pressure differ-
ence was within our goal of ± 
10 mm Hg. Activated clotting 
time value was 267 ± 20 sec. 
Aminotransferase enzymes, 
blood urea nitrogen, and crea-
tinine returned to pre-implant 
levels after Day 5. Plasma free 
hemoglobin was 6.3 mg/dl on 

Day 14. The autopsy revealed small biologic depositions in the right side 
pump and stator, but no thrombus, embolus, or deposition in the inlet 
cuff, outlet grafts, left side pump, or end-organs. conclusion: The ini-
tial CFTAH implant exhibited excellent hemodynamic status, end-organ 
function, and pump performance.

a new brazilian lefT VenTricle assisT deVice (lVad): con-
cePT, anaTomical and In VItro sTudies
Bruno Utiyama da Silva,1,2 Adib Domingos Jatene,1,5 Aron José Pazin de 
Andrade,1 Jeison Willian gomes da Fonseca,1 Juliana Leme,1 Beatriz 
Uebelhart,1,2 Cibele Silva,1,2 eduardo Bock,1 Pedro Antunes,1 José 
Francisco Biscegli,1 Jorge Alberto da Silva,3 Fernando Castro Junqueira,3 
oswaldo Horikawa,4 eduardo ono,2 Carlos Kenichi Suzuki.2 1Engineering 
Center for Circulatory Assist, Institute Dante Pazzanese of Cardiology, 
São Paulo, Brazil; 2Materials Department, University of Campinas, São 
Paulo, Brazil; 3Marine Technological Center, Brazilian Navy, São Paulo, 
SP, Brazil; 4Electromagnetism Laboratory, University of São Paulo, SP, 
Brazil; 5Heart Hospital “HCor”, São Paulo, SP, Brazil.

Purpose: A new blood pump for left ventricle assistance has been 
developed in a partnership between five Brazilian institutions. The 
device consists in a second generation centrifugal pump, with mechani-
cal bearings (figure 1) , intend to be fixed to left ventricle apex. This 
work shows pre-clinical, anatomic and in vitro analysis. methods: We 
conducted hydrodynamic performance tests to determine some specific 
device geometrical. The anatomical studies were performed in pigs 
(weight of ±70kg). Hemolysis tests were using bivine blood, with flow of 
5L/min. and total pressure head of 100mmHg, for 6 hours. Mean nor-
malized index of Hemolisys (niH) was calculated. Performance studies 
were conducted using a cardiovascular simulator. Simulation in a hybrid 
(physical and mathematic) mock circulation loop system of the cardio-
vascular system, were conducted the pump was connected in the system 
with descompesated concentric hypertrophic heart failure.  results: The 
The anatomical studies appointed that the pump site, cannulation and 
method of implantation are feasible with no damage to other tissues 
and organs, specially the lungs and the diaphragm. The mean niH was 
0,009 ± 0,002 g/100L, which denotes a low hemolisys level. Mock cir-
culation loop system results indicated that the pump is capable to “com-
pensate” heart failure. When pump was connected to the system, the 
heart rate, systemic peripheral resistance, aortic pressure and blood flow 
went to normal physiologic values. conclusion: The results showed that 
the pump is effective as a LVAD. now a protocol for in vivo experiments 
in animals is been prepared.

numerical sTudy of The effecT of flow PulsaTion on The 
hemolysis in cenTrifugal blood PumPs
Huan Li, Xiaodong ruan, Jun Zou, Xin Fu, Huayong Yang. The State 
Key Laboratory of Fluid Power Transmission and Control, Hangzhou, 
Zhejiang, China.

Purpose: Despite the widely used left ventricular assist devices 
(LVADs) have an acceptable hemolysis performance in the in vitro exper-
iment, hemolysis still takes place at times as one of the adverse events 
in clinical application when working together with the native heart. The 
goal of this study was to quantitatively analyze the effect of flow pulsa-
tion caused by systole and diastole on hemolysis in the continuous cen-
trifugal blood pump. methods: The designed centrifugal blood pump can 
generate a pressure rise of 100mmHg at 5L/min when rotating at a nor-
mal speed of 2600rPM. Computational fluid dynamics (CFD) was used 
to estimate the hemolysis performance. Considering the influence of the 
native heart for transient state, time-varying flow rate was obtained. The 
average of the pulsatile flow rate was treated as boundary condition of 
the steady state. The distribution of hemolysis index (Hi), based on the 
well-adopt power-law model, was obtained throughout the flow field by 
solving a scalar transport equation. A modified method was proposed to 
convert Hi to the normalized index of hemolysis (niH).  results: When 
under the same flow rate, niH value at the outlet of the pump was 
0.0032g/100L and 0.0018g/100L for transient and steady state respec-
tively. conclusion: The results showed that the flow pulsation increases 
hemolysis remarkably. Therefore, it is necessary to consider the effect of 
native heart pulsatility at the design stage of LVADs especially when the 
patient is less ill or for destination therapy use in the future.
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deVeloPmenT of The circulaTory sysTem simulaTor for 
medical educaTion
Takashi ichinose,1 Ayako Katoh,2 Hideaki Senzaki,2 Yasuhiro Fukui.1 
1Tokyo Denki University, Japan; 2Saitama Medical University, Japan.

Purpose: The purpose of this study is to develop a circulatory sys-
tem simulator for medical education. The drug response for patent duc-
tus arteriosus (PDA) was evaluated in the newly developed simulator. 
 methods: The circulatory system model of an infant (Six month, 8000g) 
is expressed by an electric equivalent circuit. The open Ductus Arteriosus 
(DA) was realized using small DA resistance value of 1.5 mm Hg*s/ml. 
indomethacin sodium was administrated three times in a stable condi-
tion. The details of medication are as follows. The Ductus Arteriosus (DA) 
resistance value was changed with the medicine concentration at the DA 
which was calculated by the component model. results and conclu-
sions: The changes in the blood flow of the DA and the left ventricle 
capacity were calculated using the simulator (Fig.1).The decrease in the 
blood flow of the DA and the left ventricle capacity load was confirmed 
as a result of the drug administration. These indicators of hemodynam-
ics increased with time progress after medication. The newly developed 
simulator to calculate the response of the drug administration is useful 
for medical education.

in ViVo eValuaTion of a noVel auTologous ValVe wiTh 
a sTenT (bioValVe sTenT) for TranscaTheTer aorTic ValVe 
imPlanTaTion (TaVi)
Yoshiaki Takewa,1 Yasuhide nakayama,2 Yuichi Matsui,4 Masashi 
Yamanami,2 Yuichiro Kishimoto,1 Mamoru Arakawa,1 Kentaro ohnuma,1 
Hirohito Sumikura,1 Keiichi Kanda,3 Hitoshi Yaku,3 Yoshiyuki Taenaka,1 
eisuke Tatsumi.1 1Department of Artificial Organs, National Cerebral and 
Cardiovascular Center, Suita, Osaka, Japan; 2Department of Biomedical 
Engineering, National Cerebral and Cardiovascular Center, Suita, 
Osaka, Japan; 3Department of Cardiovascular Surgery, Kyoto Prefectural 
University of Medicine, Kyoto, Japan; 4Department of Mechanical and 
Systems Engineering, Kansai University, Osaka, Japan.

Purpose: A novel autologous aortic valve with a metallic stent (Biovalve 
Stent) was developed, using in-body tissue engineering. in this study, the 
potential of the Biovalve Stent for transcatheter aortic valve implantation 
(TAVi) was investigated in a goat model. methods: Biovalve Stents were 
prepared by 2-month embedding of molds, assembled using plastic rods 
and a metallic stent, in the subcutaneous space of goats. After extracting 
the molds and removing the plastic rods only, Biovalve Stents with 3 
leaflets similar to native ones were constituted from autologous con-
nective tissues. Four Biovalve Stents were implanted in the apico-aortic 
bypass of goats for 1 month, and another one was implanted in situ via 
transapical approach.  results: in apico-aortic bypass cases, postopera-
tive echocardiography and angiography showed smooth movement of 
the leaflets with a little regurgitation under the systemic circulation in all 
cases. Three cases were continued for 1 month with sufficient valvular 
function, while 1 case was discontinued after 1 week for destruction of 
the leaflet due to infection. in case of transapical approach, the Biovalve 
Stent was easily implanted under fluoroscopy. conclusion: The Biovalve 
Stent satisfied the higher requirements of systemic circulation in goats for 
1 month with the potential for TAVi.

a new surgical TechniQue for aorTa cannulaTion of 
imPlanTable cenTrifugal blood PumP
eduardo Bock,1,2 Danilo galantini,2 Carlos Contreras,2 Tarcisio 
Leao,1 Beatriz Uebelhart,2 Andre Cavalheiro,3 Diolino Santos Filho,3 
Jeison Fonseca,2 Juliana Leme,2 Cibele Silva,2 Bruno Utiyama,2 
Jarbas Dinkhuysen,2 Aron Andrade.2 1Mechanics, Federal Institute of 
Technology - Sao Paulo, SP, Brazil; 2Bioengineering, Institute Dante 
Pazzanese of Cardiology, Sao Paulo, SP, Brazil; 3Electrical Engineering, 
Escola Politecnica of Sao Paulo University, Sao Paulo, SP.

An implantable Centrifugal Blood Pump (iCBP) is been developed 
with original features for a long term Ventricular Assist Device (VAD). 
iCBP is part of a multicenter and international study with objective to 
offer simple, affordable and reliable devices to developing countries. 
This work presents a new surgical technique for aorta cannulation of 
iCBP. Previous blood tests for assessment of Hemolysis shown mean 
niH results of 0.0054 ± 2.46 x 10-3 mg/100 L. in order to precede in 
vivo tests, anatomical tests were first performed in animals and then, in 
human bodies. Three cadavers served for this anatomical study. Param-
eters evaluated were incision access, distance of cannulas, pump’s 
position and interference in organs. An alternative technique to median 
sternotomy showed good results, see figure. it consisted in two incisions, 
one lateral at left ribs giving access to left ventricle apex, and other right 
below the clavicle, close to aorta.

size and weighT reducTion of energy Transmission 
Transformers for a VenTricular assisT deVice
Kenji Shiba. Department of Applied Electronics, Tokyo University of 
Science, Noda, Chiba, Japan.

The transcutaneous energy transmission system (TeTS), which is an 
energy transmission system for artificial hearts, is based on electromag-
netic induction. This system can improve the quality of life (QoL) and 
reduce the risk of infections. However, a conventional TeTS transformer 
is too large for a patient of small build. in this study, we redesigned two 
types of small TeTS transformers. one TeTS transformer we redesigned is 
the externally coupled type transformer (eCT). A limitation of this trans-
former is the weight of the magnetic ferrite core, which is attached to 
the skin surface. in order to reduce this weight, the material of the ferrite 
core and the transmission frequency of eCT are investigated. The other 
type of TeTS transformer is the air-core flat type transformer (AFT). The 
diameter of the conventional internal coil, which is implanted under the 
skin, is 70 mm. Thus, AFT is too large for a pediatric patient. in order 
to reduce this diameter, the coil material and transmission frequency 
of AFT are investigated. As a result, we found that the weight of eCT 
could be reduced from 51 g to 18 g. Further, the diameter of the internal 
coil of AFT could be reduced from 70 mm to 35 mm. The transmission 
efficiencies of the eCT and AFT were 98% at a frequency of 1 MHz and 
80% at a frequency of 2.5 MHz, respectively. it was confirmed that these 
efficiencies were sufficiently high for transmitting energy to a Ventricular 
Assist Device. in summary, about 35–50% weight and size reduction 
was achieved with the maintenance of a high transmission efficiency. 
We think that our enhanced TeTS transformer can prove to be one of the 
TeTS available for patients of small build.

Table 1.

Dose of indomethacin sodium (mg/kg)
The 1st time The 2nd time The 3rd time
0.2 0.25 0.25

Medication time: 30 minutes, Intervals: 12 hours, half-life: 12 hours
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new insighTs inTo non-surgical bleeding risk in Vad 
PaTienTs: beyond Vwf mulTimers
John M Skaugen,1,2 David W Schmidtke,2 Karl e nelson,1 Douglas A 
Horstmanshof,1 James W Long,1,2 Trevor A Snyder.1,2 1Advanced Cardiac Care, 
Integris Baptist Medical Center, Oklahoma City, OK; 2Chemical, Biological, 
and Materials Engineering, University of Oklahoma, Norman, OK.

introduction: non-surgical bleeding is a significant complication of 
ventricular assist device (VAD) support. Multiple studies have confirmed 
loss of the high molecular weight von Willebrand Factor (HMWVWF) 
following implant of rotary VADs and non-surgical bleeding in ~30% 
of recipients. if all VAD patients lose HMWVWF, why don’t all patients 
experience bleeding? Blood pressure pulsatility and arterio-venous mal-
formations may contribute to bleeding risk; however, we have focused 
on the concomitant platelet glycoprotein (gP) ib, the VWF receptor, dys-
function identified first by Klovaite et al. methods: Blood samples were 
obtained from 32 Heartmate ii VAD recipients pre-operatively, on post-
operative day 1, 3, 7, 14, post-operative month 1, 3, 6, and each subse-
quent 6 months, and during any hospitalization or outpatient clinic visit. 
Assays were performed to measure platelet function via microchannel 
adhesion studies, and platelet activation, coagulation activation, VWF 
function by eLiSA, and VWF multimer distribution by gel electropho-
resis and blotting.  results: We observed decreased platelet adhesion to 
VWF at >2,000/s, VWF-collagen binding, and loss of HMWVWF in all 
VAD recipients. We found significantly increased plasma glycocalicin, 
the gPib ectodomain, in patients with non-surgical bleeding vs. those 
without bleeding (8.2 vs. 3.2 µm/mL). other assays lacked discriminative 
ability.  conclusions: We observed increased plasma glycocalicin, indi-
cating cleavage or shedding of the gPib ectodomain, in VAD patients 
with non-surgical bleeding. This finding potentially offers a new hypoth-
esis to explain rotary VAD recipient bleeding risk by the loss of platelet 
gPib coincident with loss of HMWVWF.

measuremenT of Plasma ProTeins for moniToring in ViVo 
The hosT resPonse To small inTesTinal submucosa Vascu-
lar grafTs
Diana Sanchez-Palencia,1,2,3 Alessandra Storino,3,4 Sergio D galvis,3 Lina 
M Quijano,1,3 Javier navarro,1,2,3 Juan D Perez,3 Jose L roa,5,6 Heinz g 
Hiller,6 Juan C Briceno.1,2,3,6 1Department of Biomedical Engineering, 
Universidad de los Andes, Bogota, DC, Colombia; 2Department of 
Mechanical Engineering, Universidad de los Andes, Bogota, DC, 
Colombia; 3Group of Biomedical Engineering, Universidad de los 
Andes, Bogota, DC, Colombia; 4School of Medicine, Universidad de los 
Andes, Bogota, DC, Colombia; 5Department of Radiology, Fundacion 
Cardioinfantil, Bogota, DC, Colombia; 6Department of Research, 
Fundacion Cardioinfantil, Bogota, DC, Colombia.

Small intestinal Submucosa (SiS) is a collagen matrix that promotes tis-
sue regeneration and can be used for remodelling blood vessels. Tools are 
needed to monitor the remodeling in vivo, particularly to detect undesired 
occluding thrombi or intimal hyperplasia prior to completion of the implan-
tation period. our aim was to monitor the host response to an SiS vascular 
graft by measuring levels of plasma proteins and glycoproteins that have 
been found in the clinic to be related to thrombogenic and inflammatory 
processes. SiS grafts (4.5 mm iD, 3 cm long) were implanted in the carotid 
artery of swine (25kg,n=8). Levels of C-reactive protein (CrP), D-dimer, 

fibrinogen, platelets and neu-
trophils were measured before 
(day 0, baseline), after (day 
0.5) and on days 1, 3, 5, 10, 
15 and 20 after implantation. 
Patency was assessed with 
Doppler ultrasound on same 
time points. Compared to 
baseline, fibrinogen, CrP and 
D-dimer levels were signifi-
cantly higher at day 1. Plate-

lets were significantly higher after 20 days and the neutrophil count showed 
not significantly different erratic levels. Doppler ultrasound was not conclu-
sive for determining patency. We propose that fibrinogen, CrP and D-dimer 
could be used as markers to measure the host response to grafts, combining 
these results with other monitoring techniques such as arteriography.

scaffold sTrucTure and mechanics in differenTly 
obTained small inTesTinal submucosa scaffolds
Diana Sanchez-Palencia,1,2 Antonio D’Amore,3,4,7,8 William r Wagner,3,4,5,6 
Juan C Briceno.1,2 1Biomedical Engineering, Universidad de los Andes, 
Bogota, DC, Colombia; 2Mechanical Engineering, Universidad de los Andes, 
Bogota, Colombia; 3Bioengineering, University of Pittsburgh, Pittsburgh, PA; 
4McGowan Institute for Regenerative Medicine, Pittsburgh, PA; 5Surgery, 
University of Pittsburgh, Pittsburgh, PA; 6Chemical Engineering, University of 
Pittsburgh, Pittsburgh, PA; 7RiMED Foundation, Italy; 8Ingegneria, Chimica, 
Gestionale, Informatica Meccanica, Universita’ di Palermo, Italy.

Small intestinal submucosa (SiS) is a biological material that promotes 
tissue regeneration. in spite of its potential, parameters of SiS targeted final 
microstructure after its preparation from intestine have not been defined 
and are of interest for the design of vascular grafts with predictable and 
favorable patency rate. We assessed herein the relationship between graft 
construction parameters, mechanical properties and fiber architecture. SiS 
was obtained by (1) 2 different decellularization methods (n or D) and (2) 
by keeping hydrated or dehydrating (D or H). A 2-factor, 2-level factorial 
experimental design defined 4 groups: nD, nH, DD, DH (n=6). Biaxial 
mechanical testing was used to evaluate mechanical anisotropy (Anisot-
ropy ratio, Ar, max. stretch ratio between preferential and cross-prefer-
ential direction). Scanning electron microscopy and digital image analysis 
were used to evaluate structural anisotropy (orientation index, oi, cosine 
of angle containing 50% of fiber population). Significant differences in Ar 
were found between hydrated and dehydrated groups. A similar trend was 
found in oi. We show that hydration has an impact on structural morphol-
ogy which in turn dictates mechanical response, and thus by combining 
mechanical and structural information to assess the influence of a scaffold 
preparation step provide a tool to control the graft design.

Toward deVeloPmenT of self-regeneraTing hearT ValVe 
leafleT
S. Hamed Alavi,1,2 Arash Kheradvar.1,2 1Biomedical Engineering 
Department, University of California Irvine, CA; 2The Edwards 
Lifesciences Center for Advanced Cardiovascular Technology, University 
of California Irvine, CA.

introduction: Valvular heart disease has a devastating impact world-
wide. Conventional replacement therapies are associated with significant 
drawbacks such as lack of regenerative capacities and limited valve’s 
durability. To overcome these issues, we have developed a hybrid tissue-
engineered leaflet consisting of an extra thin core of super-elastic nitinol 
mesh tightly enclosed by biologic multi-layer tissue. methods and  results: 
Development, shape-setting and surface modification of the nitinol mesh 
was pursued to enhance cell attachment and to attain the natural leaflet’s 
shape. By using a 3D cell culture method the nitinol mesh was enclosed 
through cultured layers of cells similar to those observed in vivo. The 
layers consist of endothelial cells, fibroblast cells and smooth muscle 
cells which are all seeded on a three dimensional, porous biologic scaf-
fold. The results show the developed scaffold with nitiniol mesh that was 
enclosed by layers of tissue (Figure 1).  conclusions: We have developed a 
hybrid tissue material that may overcome artificial heart valve’s disadvan-
tages by mimicking the native valve’s hemodynamics while maintaining 
adequate strength and long-term durability. This self-regenerative hybrid 
tissue is expected to be biomechanically resistant against the physiologi-
cal stresses while it has enhanced biocompatibility compared to the cur-
rent artificial valves’ leaflets.
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resPonse of The syncardia Tah PneumaTic driVers To 
afTerload challenge on a mock looP
Lois Yankah,1 Keyur B Shah,2 Michael L Hess,2 Vigneshwar Kasirajan,1 
Daniel g Tang.1 1Cardiothoracic Surgery, Virginia Commonwealth 
University, Richmond, VA; 2Cardiology, Virginia Commonwealth 
University, Richmond, VA.

background: Until recently, patients supported by the SynCardia 
total artificial heart (TAH) had to remain an inpatient tied to a large pneu-
matic console awaiting transplantation. introduction of a portable driver 
(under clinical trial) has enabled discharge of these patients. However, 
the drivers have been found to vary in afterload sensitivity. PurPose of 
sTudy: The purpose was to investigate differences in afterload sensitivity 
and cardiac output recovery between the inpatient console driver (“Big 
Blue”) and the discharge (Freedom) driver. meThods used: A TAH was 
connected to a mock loop. Systemic and pulmonary arterial pressures 
were controlled to simulate different clinical scenarios. Afterload was 
increased until cardiac output dropped. Afterload was then decreased to 
simulate treatment with short acting vasodilators and assess recovery of 

cardiac output. summary 
of  resulTs: Cardiac output 
dropped at a threshold sys-
temic blood pressure ranging 
from 155-195 mmHg. There 
were significant differences 
between the drivers in the 
ability to recover cardiac 
output following reduction 
in the systemic blood pres-
sure. conclusion: The 
TAH pneumatic drivers dem-
onstrate significant differ-
ences in afterload sensitivity 
and ability to recover cardiac 
output. These difference have 

important implications regarding the management of hypertension in 
TAH patients.

effecTs of a Perfluorocarbon emulsion on The Physi-
cochemical ProPerTies of blood in The Presence of 
hydroxyeThyl sTarch (hes) in a normoVolemic hemodi-
luTion (in ViTro)
Diana M Vásquez gutiérrez,1 Andrea g Merchan infante,1 María C 
guzmán Lopera,1 Camila i Castro Paéz,1 oscar A Alvarez Solano,1 Juan 
C Briceño Triana.2 1Chemical Engineering, University de los Andes, 
Bogotá, Cundinamarca, Colombia; 2Biomedical Engineering, University 
de los Andes, Bogotá, Cundinamarca, Colombia.

Perfluorocarbon emulsions (PFCoCs) have been widely studied, lead-
ing to the understanding of its properties, but their influence on the real 
intravascular scenario has not been objectively analyzed in terms of the 
interaction between the emulsion and blood properties. For this reason, 
an in vitro model of normovolemic hemodilution was implemented to 
analyze the effects of PFCoCs on blood rheology and predict PFCoCs 
performance when infused. For the normovolemic hemodilution fresh 
porcine blood was collected and mixed with hydroxyethyl starch (HeS). 
The in vitro procedure consisted of 4 exchanges, each one replacing 
40% of volemia. in the first two exchanges, volume was replaced with 
HeS and in the last two with a mixture of 20% HeS and 80% PFCoC. 
After each exchange a sample was taken, characterized microscopically 
at 100X, and macroscopically measuring viscosity with a rheometer. 

Blood viscosity was 3.3 
cP at 125 s-1. As a result 
of the normovolemic 
hemodilution, viscosity 
of the mixture increased 
with the increasing per-
fluorocarbon emulsion-
to-blood volume ratio, 
up to 9.4 cP after the 
last exchange. The figure 
shows that there is par-
ticle aggregation in the 
blood-emulsion mixture.
in the in vivo intravas-

cular application these aggregates may induce occlusion of the micro 
vascular system.

Physiological resPonse To a simPlified VenoVenous Per-
fusion-induced sysTemic hyPerThermia sysTem
Cherry Ballard-Croft,1 Dongfang Wang,1 Cameron Jones,1 Larry r 
Sumpter,2 Xiaoqin Zhou,1 Joe Thomas,1 Joseph Zwischenberger.1 
1Surgery, University of Kentucky, Lexington, KY; 2Divsion of Laboratory 
Animal Resource, University of Kentucky, Lexington, KY.

our original venovenous perfusion-induced systemic hyperthermia 
(vv-PiSH) system improved lung cancer patient survival, but this sys-
tem was too complex with numerous dialysis problems. We developed 
a new, simplified vv-PiSH circuit that includes the Avalon elite double 
lumen cannula, a heat exchanger, water heater/cooler, and a centrifugal 
blood pump. The purpose of this study was to evaluate the performance 
of this vv-PiSH circuit and the response to whole body hyperthermia. The 
vv-PiSH circuit was tested in healthy female adult swine (n=6, 55-68 kg). 
The therapeutic core temperature (42-42.5 ºC), calculated from the rec-
tal, bladder, and esophageal temperatures, was achieved in five swine. 
A maximum difference of 0.5ºC was observed between the individual 
temperature sensor readings, indicating homogeneous heat distribution. 
Heart rate and mean arterial pressure were transiently altered, but were 
safely managed. A significant elevation in pulmonary artery pressure 
occurred during the heating phase, but returned to physiological value 
during the therapeutic phase. Arterial blood electrolytes were maintained 
without the need of a dialyzer. Major organ function was within normal 
parameters. our new simplified vv-PiSH circuit safely and reliably deliv-
ered the hyperthermic dose, but pulmonary hypertension was a serious 
complication that must be addressed prior to clinical application.

miTochondrial damage: PoTenTial mechanism of PlaTe-
leT dysfuncTion leading To bleeding comPlicaTions in 
conTinuous-flow lefT VenTricular assisT deVice (cf-lVad) 
PaTienTs
Jingping Hu,1 Amelia C Watkins,2 Shuqiong niu,1 Linda romar,2 nicholas 
J Hiivala,2 Kate Fraser,1 erika D Feller,2 Bartley P griffith,2 Zhongjun J 
Wu.1 1Surgery Department, University of Maryland, Baltimore, MD; 
2University of Maryland Medical Center, Baltimore, MD.

background: Bleeding is a significant complication of CF-LVAD recip-
ients. We hypothesize that abnormalities in platelet physiology may be 
involved. methods: eleven patients received CF-LVADs (HeartMateii, 
Jarvik 2000 and HeartWare) from Feb. 2011 to Feb. 2012. Mitochondrial 
damage was assessed by flow cytometry in platelets labeled with mito-
chondrial membrane potential (∆m)-sensitive dye, and displayed as % 
of depolarized ∆m platelets. in vitro shear stress was performed in an 
axial flow couette-type shearing device.  results: Platelet mitochondrial 
damage was elevated in all patients before implantation. This increase 
was only significant in patients suffering bleeding complications (p=0.01). 
The mean baseline platelet mitochondrial damage was higher in bleed-
ers than non-bleeders (p=0.08). After CF-LVAD implantation, the % of 
depolarized ∆m platelets was slightly increased, suggesting that shear 
stress induced by mechanical circulation triggers platelet mitochondrial 

damage. We con-
firmed that shear 
stress induced 
platelet ∆m 
depolarization in 
vitro. conclusion: 
M i t o ch o n d r i a l 
damage in plate-
lets potentially 
contributes to 
bleeding during 
CF-LVAD support. 
The flow cytom-
etry assay with 

∆m-sensitive dye is a potential diagnostic tool to recognize bleeding 
risk for CF-LVAD implantation.
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cardiac ablaTion Procedures suPPorTed by TemPorary 
VenTricular assisT deVices (Vad)
Annicka K Carter, James revenaugh, Sean P McCandless, ian D Ledford, 
renée A Merchel, Bruce B reid, rami Alharethi, Sandi Stoker, Deborah 
Budge, Stephen e Clayson, William T Caine, Abdallah g Kfoury. Utah 
Artificial Heart Program, Intermountain Medical Center, Salt Lake City, 
UT.

background: Ventricular tachycardia (VT)is common in patients with 
advanced heart failure, and medical therapy alone may have limited 
success. Mapping and ablation of unstable VT may lead to hemody-
namic instability, rendering this treatment unfeasible in this critically ill 
population. Temporary VADs can provide circulatory support to allow 
for ablation attempts in patients with problematic VT. in this study we 
sought to review our experience with temporary VAD-assisted VT abla-
tions. methods: The Utah Artificial Heart Program database was que-
ried for information regarding VAD-assisted ablation procedures from 
2006 to 2011. Patients’ demographics and outcomes of interest were 
collected and analyzed. Survival statistics were calculated at 1, 3 and 
6 month time periods using a Kaplan-Meier analysis.  results: Twelve 
patients implanted with a TandemHeart VAD met the inclusion crite-

ria for the study. The average age was 
61±14 years; all were male. ischemic 
cardiomyopathy was the major etiol-
ogy for heart failure. no adverse events 
occurred between implant to hospital 
discharge. outcomes are detailed in 
the table below. conclusion: in our 
experience, the use of a temporary 
VAD was safe and allowed for other-
wise unachievable VT ablation proce-
dures. even though one of the patients 
required a repeat attempt within 3 
months, all had excellent survival out-

comes. The direct hemodynamic unloading effects of the temporary VAD 
on the VT and the likelihood of success of the ablation remain unknown 
and of much interest.

an alTernaTiVe membrane To imProVe exTracorPoreal gas 
exchange and biocomPaTibiliTy
Matthew Lavelle, george eng, gordana Vunjak-novakovic, Matthew 
Bacchetta. Columbia University, New York, NY.

Purpose: extracorporeal Membrane oxygenation (eCMo) is used to 
support patients suffering from severe respiratory or cardiopulmonary 
failure, but current systems require significant improvements to match 
the efficiency and biocompatibility of the lung. The gas exchange mem-
brane is a major limitation of this system which can potentially be 
improved with new materials. methods: Poly(ethylene glycol) diacrylate 
(PegDA) is a highly biocompatible and customizable hydrogel which 
can function as an alternative gas exchange membrane. A 20% PegDA 
hydrogel was assessed as a membrane material by perfusing deoxygen-
ated saline through a thin walled PegDA tube surrounded by oxygen 

gas. oxygen transfer was mea-
sured with a PreSens oxygen 
Microsensor.  results: Pro-
gressing to a steady state over 
25 min, the PegDA tube was 
capable of attaining half the 
maximal solubility of oxy-
gen in saline which is double 
the saturation using room air. 
Using Fick’s law, the diffusiv-
ity coefficient of the material 
was determined to be 1.68 x 
10⋀-5 cm²/s. conclusion: We 
believe the steady state oxygen 
saturation level reached by this 
novel exchange membrane 
demonstrates its capability of 
meeting respiratory demands. 
The biocompatibility offered 
by such an approach could 

reduce the complications associated with eCMo and provide a founda-
tion for a long term system or destination therapy.

TemPorary VenTricular assisT deVices as a bridge To 
long-Term suPPorT: are They effecTiVe?
Sean P McCandless, Bruce B reid, rami A Alharethi, renee A Merchel, 
Deborah Budge, Sandi Stoker, Stephen e Clayson, Annicka K Carter, ian 
D Ledford, William T Caine, Abdallah g Kfoury. Utah Artificial Heart 
Program, Intermountain Medical Center, Salt Lake City, UT.

Purpose: Continuous-flow left ventricular assist devices (LVAD) 
have proven beneficial in select patients with end-stage heart failure. 
However, post LVAD outcomes are poor in critically ill patients in 
cardiogenic shock. The impact on outcomes of temporary mechani-
cal circulatory support (TMC) in stabilizing and bridging these patients 
to LVAD isn’t well described and is the topic of interest in this study. 
m ethods: The Utah Artificial Heart Program database was queried 
for patients implanted with an LVAD between 2004 and 2011. These 
patients were stratified into those who received a TMC prior to LVAD 
implant (group 1) and those who did not (group 2). Survival and early 
patient outcomes were obtained and analyzed with Kaplan-Meier Sur-
vival and a two-sided Student’s T-test.  results: 69 patients were eligible 
for the study (59 HeartMate ii, 10 HeartWare, mean age 58 ± 14 years, 
77% male). early patient outcomes and survival are below. group 1 was 
significantly sicker as evidenced by their lower interMACS score.

conclusion: The results suggest that TMC was effective in stabilizing 
critically ill patients to allow the use of an LVAD. if validated on a larger 
scale, TMC could be recommended in this population as a bridge to 
LVAD in the hopes of improving post implant outcomes.

accuracy of flow in a sTenoTic nozzle using grid con-
Vergence index and robusT simulaTion
Samuel J Hund, James F Antaki. Biomedical Engineering, Carnegie 
Mellon University, Pittsburgh, PA.

The Food and Drug Administration (FDA) has investigated the effec-
tiveness of computational methods in predicting the function devices. 
This study analyzes mesh convergence studies, the grid convergence 
index (gCi), and robust simulation for predicting the accuracy of numer-
ical methods. Flow was simulated in a stenotic nozzle with a geometry 
prescribed by the FDA at re=500. Blood was assumed to be newto-
nian with mean values for the normal adults. robust parameters were 
selected randomly from a healthy population. Mesh convergence and 
Cgi show less than a 0.01% error between successively refined meshes 
and indicate a quality simulation. However, robust analysis showed that 
uncertainty in plasma viscosity alone causes 4.5%, 2.8%, and 4.3% 
error in reattachment length, pressure drop, and maximum stress respec-
tively. The figure shows the rMS variability in the velocity field. Similar 
results were obtained for variability in the hematocrit but with 2-2.5 
times the error. Although quality meshing is essential for simulations it is 
also important to consider the uncertainty of model parameters and the 
effect on the final simulation.

Table 1.

 Group 1: With TMC (n=10) Group 2: Without TMC (n=59) 

InterMACS score* 1.40 ± 0.97 2.88 ± 1.02
Intubation time (hours) 324 ± 368 146 ± 205
Transfusions given (units) 9.9 ± 8.5 7.3 ± 9.6
Intensive care unit time (days) 18 ± 14 14 ± 11
Implant to discharge (days) 33 ± 13 26 ± 18
Readmission days/pt year 11 ± 17 13 ± 23
Six month survival (%) 90 89

*Significant difference between the two groups (P-value < 0.05) 

Table 1.

VAD Placement 12/12
VT Ablation 12/12
Average Support Time (hours) 4.4±1.4
Average Hospital Stay (days) 3.0±1.0
Survival:  

1 Month 100%
3 Month  90%
6 Month  90%

Repeat Ablations:  
Within 3 Months: 1/12



 ASAIO Bioengineering ABSTrACTS 11

oPTimizing hearTmaTe ii (hmii) sPeed aT PosT-imPlanT dis-
charge: how imPorTanT is iT?
renee A Merchel, Bruce B reid, Sean P McCandless, William T Caine, ian 
D Ledford, Stephen e Clayson, Annicka K Carter, Brad rasmusson, Sandi 
Stoker, Hannah Tredway, Deborah Budge, rami Alharethi, Abdallah g 
Kfoury. Utah Artificial Heart Program, Intermountain Medical Center, 
Salt Lake City, UT.

background: optimal pump speed directly impacts the degree of left 
ventricular assist device unloading and is felt to be an integral part of 
patient management. in the last 5 years, we noticed that the HMii speed 
at discharge (DC) at our program has decreased with an average linear 
trend of 121 revolutions per minute (rpm) each year. in this study, we 
sought to examine whether pump speed at DC correlated with some 
indices of cardiac function. methods: The Utah Artificial Heart Program 
database was queried for patients implanted with a HMii from 2004 
to 2011. 25 parameters from vital signs, echocardiograms, Swan-ganz 
catheters, as well as various laboratory values were collected at DC. 
Additionaly, a number of outcomes, mostly adverse events, were also 
analyzed. These data were used to calculate the continuous correlation 
with pump speed using a Pearson’s correlation test.  results: 53 patients 
were included in the study. Mean age was 55 years, 75% were male. 
The DC HMii pump speed ranged between 8400-10600 rpm. The table 
below shows only the significant correlations. of interest, aortic valve 
opening frequency, body surface area, and plasma free hemoglobin 

were not correlated to 
the HMii speed at DC. 
 conclusion: Within the 
population studied, HMii 
speed correlated with 
systolic blood pressure 
and rV function. Despite 
the broad speed range 
studied, optimizing it 
should be individual-
ized to ensure maximum 

clinical safety and benefit. Analyses on a large scale would also further 
our understanding of the nature of these  correlations.

PredicTion of lefT VenTricular assisT deVice (lVad) PaTienT 
ouTcomes Through PercenT carbon dioxide diffusing 
caPaciTy (%dlco)
Annicka K Carter, Mark goddard, Sean P McCandless, renée A Merchel, 
ian D Ledford, Stephen e Clayson, Bruce B reid, rami Alharethi, William 
T Caine, Deborah Budge, Sandi Stoker, Abdallah g Kfoury. Utah Artificial 
Heart Program, Intermountain Medical Center, Salt Lake City, UT.

background: Pulmonary function tests are routinely obtained as part 
of the evaluation of LVAD candidacy; however, the prognostic value of 
%DLCo has not been determined. Patients who undergo lung surgery 
with a %DLCo <40 have been associated with poor outcomes. in this 
study we sought to analyze the correlation between LVAD outcomes 
and %DLCo. methods: The Utah Artificial Heart Program database was 
queried for continuous flow LVAD patients from 2005 to 2011. Baseline 
%DLCos, demographics, and early patient outcomes were obtained. A 
Pearson correlation analysis was used to compare %DLCo and each 
early patient outcome.  results: Forty two LVAD recipients qualified for 
the study, 60% as destination therapy. Average age was 62±12 years, 
86% were male. %DLCo ranged between normal to mildly decreased 
(n=17) and moderately to severely decreased %DLCo (n=25). A con-
tinuous correlation was studied; analysis is shown below.

conclusion: This analysis suggests that %DLCo in the studied range 
has no value in predicting patient outcomes for LVAD candidates. 
Whether this is the result of selection bias or other unmeasured con-
founders is unknown. if validated on a larger scale, the prognostic value 
of routine %DLCo measurements in this population may be examined. 
A larger and broader patient population is needed to fully investigate the 
correlation between %DLCo and LVAD patients.

combined use of TandemhearT (Th) PercuTaneous Ven-
Tricular assisT deVice (PVad) and sTereoTaxis magneTic 
naVigaTion (smn) during ablaTion Procedure
Annicka K Carter, James revenaugh, Pete Weiss, ian D Ledford, renée 
A Merchel, Sean P McCandless, Bruce B reid, rami Alharethi, Sandi 
Stoker, William T Caine, Deborah Budge, Stephen e Clayson, Abdallah 
g Kfoury. Utah Artificial Heart Program, Intermountain Medical Center, 
Salt Lake City, UT.

background: Malignant ventricular tachycardia is common in patients 
with end stage heart failure often requiring therapy with catheter abla-
tion. SMn is an emerging ablation technique using robotic magnetic 
catheter navigation to provide treatment. The magnetic field’s effect on 
pump function is unknown as the use of the TH PVAD during an SMn 
ablation had never been completed in the United States. clinical sum-
mary: A 69 year-old patient with ischemic cardiomyopathy and a left ven-
tricular ejection fraction of 10-15% presented with recurrent defibrillator 
discharges. 15 years prior he underwent multivessel bypass grafting, and 
3 years prior implantation of a defibrillator for ventricular tachycardia 
(VT) and left ventricular (LV) dysfunction. Procedure events: An ablation 
procedure with the use of a TH PVAD was scheduled. Due to severe LV 
dysfunction, the likelihood of intra-procedural hemodynamic instability 
was high. A mock loop was inspected under the magnetic field for any 
flow interference or cannula movement. All observations were indicative 
of normal pump function. A detailed map of the patient’s LV was created 
and extensive ablation was performed around the electrically unstable 
tissue using SMn, eventually rendering the patient un-inducible to VT 
even with aggressive stimulation. conclusion: in this case, the PVAD 
provided adequate circulatory support to allow for successful SMn VT 
ablation. This case suggests that the concomitant use of PVAD and SMn 
is both a safe and effective therapy for select patients with VTs requiring 
ablation. Further validation from a broader experience would assist in 
confirming safety.

a scalable, microPore, PlaTeleT rich Plasma exTracTion 
deVice
Mary nora Dickson,1 Joseph Schwartz,2 Levy Amar,1 edward Leonard.1 
1Chemical Engineering, Columbia University, New York, NY; 2Department 
of Pathology and Cell Biology, Columbia University Medical Center, 
New York, NY.

Here we present design and feasibility test results for a novel cross-
flow, low energy platelet (PLT) and plasma (PLA) separator, scalable to 
process 1 unit of blood in 1 hour, & intended for military and emergency 
applications. Blood flows over 3 mm sieves at high shear rates. PLTs and 
PLA pass through the sieve while erythrocytes remain. The filtrate then 
flows over a 2nd, small-pored sieve through which only PLA passes. Fluid 
vol. in the bulk blood is maintained by recycling PLT-free PLA, enabling 
multi-pass & nearly complete PLT extraction. Total extraction is: (t)=  
1 – exp((–Vf(t)P) / V) with V the original PLA vol., Vf the total filtered 
vol., and P the PLT passage ratio (filtrate/feed concentration, const. in 
time). experiments used 3×3mm filters. P was measured at various siev-
ing rates (20-100 µL/min) and filter pore sizes (1.2–2.7 µm), reaching 
values of 66%. erythrocyte passage ratio (e) was used to calculate filter 
selectivity: the quotient of P/e; it reached values of 5,000, indicating 

resultant filtrates to 
be nearly free of 
erythrocytes. We 
calculate a 50 cm2 
filter area to be suf-
ficient for the 1 unit/
hr target. it would 
consist of micropo-
rous strips of 3 mm 
width arranged in a 
filtration cartridge so 
that each part of the 
flowing bloodstream 
sees the same condi-
tions used in these 

experiments. other microfiltration schemes suggest no method of scal-
ing to practical levels.

Table 1.

Patient Outcomes Correlation Coefficient p-value

Implant to ICU Discharge Days (n=40) -0.003 0.983
Implant to Discharge Days (n=39) 0.233 0.073
Intubation Hours (n=42) -0.163 0.379
PRBCs within First Week (n=42) -0.132 0.464

Table 1. ICU: intensive care unit, 
PRBCs: packed red blood cells 

Value at DC
Correlation 
Coefficient p-value

Mean Systolic Blood Pressure -0.452 0.001
RV Stroke Work Index 0.339 0.020
Severity of RV Dysfunction -0.285 0.049
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bioengineering The VasculaTure of renal allografTs To 
PreVenT immune acTiVaTion: “immunocloaking”
Lauren Brasile,1 Philip glowacki,1 Bart M Stubenitsky.2 1BREONICS, Inc.; 
2University Medical Center, Utrecht, Netherlands.

Purpose: We have shown the feasibility of bioengineering the luminal 
surface of renal allografts without affecting function and with prolonged 
allograft survival without immunosuppression. referred to as “immuno-
cloaking” this entails coating the vascular surfaces with a nano-barrier 
membrane, nB-LVF4. The goal is to provide a physical barrier between 
host immune cells and the allograft vasculature. We now report the 
immunological mechanism involved in immunocloaking. methods: Pro-
liferation assays were performed using mononuclear cells (MnCs) stimu-
lated with autologous lymphocytes and untreated vascular endothelial 
cells (VeC) (controls) and with immunocloaked VeC (test). Cytokine 
responses were evaluated. T- cell activation was assessed using CD4+, 
CD69+ detection by flow cytometry. summary of results: immunocloak-
ing resulted in statistically significant inhibition of the cytokines: iL-1, 
iL-6, -iFn, iL-2, TnF-, CD-69, Mig and MiP-1 (p<0.5). The inhibition 
of cytokines suggest that antigen presentation was prevented. The inhi-

bition of markers 
of T cell activa-
tion also sup-
port blockade 
of T cell medi-
ated responses. 
immunocloak-
ing with nB-
LVF4 provides 
a mechanism of 
eliminating allo-
recognition that 
normally occurs 

immediately on reperfusion. The lack of allo-responses upon reimplan-
tation could provide a new window of opportunity for tolerance induc-
tion.

aTP-adenosine-reduced gluTaThione cross-linked hemo-
globin as oxygen carrier wiTh wide array of TheraPeuTic 
aPPlicaTions
Jan Simoni, grace Simoni, John F Moeller. Surgery, Texas Tech University 
Health Sciences Center, Lubbock, TX.

The blood substitute industry is experiencing a renaissance driven by 
the risk of death posed to patients transfused with rBC stored for more 
than 14 days (Wang et al. Transfusion. 2011 Dec 21). new products are 
no longer deemed only as oxygen carriers but designed to possess phar-
macologic-therapeutic features. our product that is commercialized by 
HemoBioTech, inc. (Dallas, TX) utilizes a pharmacologic cross-linking 
approach in which bovine hemoglobin (Hb) is cross-linked intramo-
lecularly with ATP and intermolecularly with adenosine and conjugated 
with reduced glutathione (gSH). in this composition ATP prevents Hb 
dimerization and adenosine permits homogeneous Hb polymers for-
mation and counteracts Hb vasoconstrictive/pro-inflammatory proper-
ties via stimulation of adenosine receptors. gSH brings electronegative 
charges onto the Hb molecule surface blocking Hb transglomerular 
and transendothelial passage and shields heme from nitric oxide and 
reactive oxygen species; thus enhancing vasodilation and lowering Hb 
pro-oxidative potential. The preclinical and clinical studies performed to 
date indicate this product works as an oxygen carrier and has efficacy 
in treating: (i) acute blood loss, providing a temporary o2 bridge and 
stimulating erythropoiesis (ii) chronic anemia including CKD related (iii) 
sickle cell disease, correcting vaso-occlusive and inflammatory episodes 
and hematocrit (iv) ischemic vascular diseases particularly thrombotic/
restenotic events in PCi. results have confirmed that pharmacologic 
cross-linking of Hb molecules with ATP, adenosine and gSH is effec-
tive in designing a viable blood substitute with multiple therapeutic 
 indications.

musculoskeleTal regeneraTion Via osTeoinducTiVe Poly-
mer/ceramic comPosiTe scaffolds
Bret D Ulery,1 emily K Cushnie,2 Yusuf M Khan,1 Cato T Laurencin.1 
1Institute for Regenerative Engineering, University of Connecticut 
Health Center, Farmington, CT; 2Department of Biomedical Engineering, 
University of Virginia, Charlottesville, VA.

While traditional bone repair therapies like autografts and allografts 
have been extensively utilized clinically, their major drawbacks (donor-
site morbidity and risk of disease transmission, respectively) have war-
ranted research into synthetic alternatives. one alternative (porous, 
degradable polymeric scaffolds) has been extensively researched, but 
has yet to be widely implemented clinically. often host cells have dif-
ficulty penetrating deep into these devices and cells that do integrate 
lack osteogenic activity. Bone morphogenetic protein 2 (BMP-2) has 
been shown to induce osteogenesis and has been incorporated into 
many different scaffolds and controlled delivery devices to promote 
bone formation. However, BMP-2 is a fragile, recombinant protein for 
which long-term storage and maintenance of bioactivity are significant 
issues. in order to overcome these limitations, we have designed com-
posite, sintered microsphere scaffolds composed of poly(lactide-co-gly-
colide) (PLgA) and amorphous hydroxyapatite (HA) seeded with human 
 adipose-derived stem cells (ADSCs). When cultured in vitro, only ADSCs 
seeded on PLgA-HA scaffolds and not PLgA scaffolds underwent osteo-
genic differentiation as evidenced by the production of osteocalcin, a 
pro-osteoblastic protein, and the deposition of new mineral on the scaf-
fold. interestingly, it was found that the low crystallinity HA released sig-
nificant quantities of Ca/P ions which induced the ADSCs to secrete their 
own BMP-2 and may be the direct mechanism responsible for apparent 
HA osteoinductivity. This research provides evidence that composite 
scaffolds hold the potential to overcome limitations seen with current 
bone regeneration technologies.

comPrehensiVe engineering suPPorT in long-Term con-
Tinuous flow lVad managemenT: conTribuTion of driV-
eline mainTenance and rePair
Tadashi Motomura,1 neal Waxali,2 Brian A Bruckner,1 Wade Fischer,1 
raquel r Bunge,1 Barbara elias,1 Matthias Loebe.1 1Thoracic Transplant 
Surgery and Mechanical Assist Devices, The Methodist Hospital DeBakey 
Heart & Vascular Center, Houston, TX; 2Biomedical Engineering, The 
Methodist Hospital, Houston, TX.

background: Clinically-available LVAD systems contain multiple 
mechanical/electrical components. in an actual clinical setting, access 
to electrical engineering support is essential. methods: over the last 
5 years, more than 100 implantable LVADs have been maintained by 
our engineering group, which is an in-house, full-time support center 
responsible for device tracking, re-call support, device maintenance and 
repair. of the 3 full-time engineers, one was tasked to maintain LVADs 
and other mechanical circulatory support devices. The engineer periodi-
cally examined the drivelines when patients visited the outpatient clinic. 
 results: Seventy-one (71) Heart Mate® ii LVADs, 19 HeartMate® XVes, 
2 Thoratec PVADs, 1 Syncardia TAH 1, 1 DuraHeart, and 12 VentAssist 
devices were placed. no patients expired due to driveline electrical fail-
ure. Five driveline abnormalities (1 cable breakage, 4 shield/jacket prob-
lems) in the VentAssist and 27 driveline abnormalities in 16 HeartMate® 
ii devices were identified (2 repaired by Splice Kit provided by the LVAD 
manufacturer). These abnormalities were repaired immediately in hos-
pital setting or the outpatient clinic. The repair technique depended on 
the nature of driveline issue, such as temporary jump wire placement 
while soldering for re-wiring, or driveline shielding jacket replacement 
with self-shrink silicone-based material (rescue Tape, Harbor Products, 
inc., Carson City, nV). conclusion: Driveline problems were repaired 
by in-house engineering staff in a timely manner. Comprehensive engi-
neering support is one of the important elements for a successful LVAD 
program.
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fiVe day sheeP Preclinical sTudies using a new VenoVenous 
Perfusion-induced sysTemic hyPerThermia circuiT
Cherry Ballard-Croft,1 Dongfang Wang,1 Cameron Jones,1 Kyle 
rosenstein,1 Larry r. Sumpter,2 Ju Zhao,1 Xiaoqin Zhou,1 Joseph 
Zwischenberger.1 1Cardiothoracic Surgery, University of Kentucky, 
Lexington, KY; 2Division of Laboratory Animal Resources, University of 
Kentucky, Lexington, KY.

We are developing venovenous perfusion-induced systemic hyper-
thermia (vv-PiSH) as a potential treatment for advanced cancer. our 
previous clinical trial showed an improvement in lung cancer patient 
survival, but was complicated by patient somnolence. in previous vv-
PiSH animal studies, critical pulmonary hypertension developed dur-
ing hyperthermia. This study was to develop a safe protocol to prevent 
pulmonary hypertension and to perform preclinical testing of a simpli-
fied vv-PiSH system. The vv-PiSH system included Avalonelite double 
lumen cannula, Medtronic Biomedicus blood pump, eCMotherm-ii 
heat exchanger, and Cincinnati Subzero modified Blanketrol Biii heater/
cooler. Healthy adult sheep were used in 1 day (n=2) and 5 day (n=2) 
studies. The circuit was filled with Co2 and primed with saline. This 
saline was pre-heated to 44ºC to prevent micro-air bubble formation 
during systemic heating, avoiding air embolism-induced pulmonary 
hypertension. Therapeutic core temperature (42-42.5ºC) was achieved in 
all sheep. Heating phase was 43±9 min, therapeutic phase was 120 min, 
and cooling phase was 58±16 min. Pulmonary pressure was unchanged 
during hyperthermia experiment. The two planned 5-day survival sheep 
quickly recovered from anesthesia and were spontaneously breathing. 
During next 5 days, hemodynamics, electrolytes, and renal function 
were normal. no significant hemolysis was observed. Transient neutro-
phil and ALT/AST elevations occurred but were normal by day 5. neu-
rological assessment showed normal brain function throughout 5 days. 
Thus, our new vv-PiSH system safely delivered hyperthermic dose with 
no significant complications 5 days after hyperthermia treatment.

flow dynamics and hemocomPaTibiliTy of an aPical lefT 
VenTricular cannula
Kevin g Soucy,1 Joel D graham,2 Carrie J Benzinger,2 guruprasad A 
giridharan,2 Michael A Sobieski,1 Steven C Koenig,1,2 Mark S Slaughter.1 
1Surgery, University of Louisville, KY; 2Bioengineering, University of 
Louisville, KY.

background: An increasing aging population with significant comor-
bidities does not have access to conventional cardiac surgical therapies, 
including aortic valve replacement, apical cannulation for LVAD sup-
port, and apical approach for mitral valve repair. We are developing a 
specialized apical left ventricular (ALV) cannula system for aortic valve 
bypass and LVAD apical cannulation without ventricular coring, aortic 
cross-clamp, or cardiopulmonary bypass. methods: The ALV cannula 
system consists of a cylindrical pyrolytic carbon cannula with side-
holes for inflow, apical locking mechanism, valved conduit, and single 
nitinol clip for anastomosis to the descending aorta. Cannula prototypes 
were designed that varied tip diameter, tip shape, and sidehole geom-
etry. Flow dynamics, hemocompatibility, and efficacy of 18 prototype 
designs were evaluated using computational fluid dynamics (CFD), 
mock circulation models, and acute bovine model. results: CFD studies 
demonstrated that all cannula designs maintained fluid shear stresses 
below the hemolysis threshold of 300Pa. For LVAD support, 10mm can-
nula tip designs provided physiologic flows without evidence of hemo-
lysis. However, 12-14mm tip diameters were necessary to adequately 
reduce the aortic valve pressure gradient under moderate and severe 
aortic valve stenosis (AVS) conditions. Cannula tip shape (narrow or 
straight) did not have a significant effect on flow dynamics. conclu-
sions: The efficacy of the ALV cannula for LVAD support and AVS was 
demonstrated. The potential clinical benefits of an ALV cannula system 
enable a minimally invasive surgical approach that eliminates ventricu-
lar coring, aortic cross-clamp, and use of cardiopulmonary bypass.

a maThemaTical model of blood flow in inTracranial 
aneurysms wiTh endoVascular deVices
Carolina Vallecilla,1 Loic Boussel,3 omer eker,2 guy Courbebaisse.1 
1CREATIS INSA-LYON, Lyon, Rhone Alpes, France; 2Service de 
Neuroradiologie, Hôpital Gui de Chauliac, Lyon, Montpellier, France; 
3Hopital Croix Rousse, Lyon, Rhone Alpes, France.

background: The use of flow diverters for the treatment of intracranial 
aneurysms have become an alternative procedure to the use of stents. 
The aim of both endovascular devices is to modulate blood flow to the 
aneurysm leading to a thrombus formation and to restore the physiologi-
cal flow to the parent artery, stabilizing the aneurysm. The porosity of 
these devices appears to be one of the major parameters contributing to 
the thrombus formation. The aim of this work was to develop a model to 
quantify the flow through a flow diverter or a stent in intracranial aneu-
rysms. method: The cerebral network is modeled as a closed loop. Poros-
ity of the device is treated as a resistance, that depends on the device 
used (stent or flow diverter). results: figure1 shows the closed loop for 
the cerebral network (Willis Polygon). The aneurysmal cavity is mod-
eled as a compliant chamber. Four types of locations are considered for 

the aneurysms as shown 
in Figure 1. Flow enter-
ing to the aneusysm is 
quantified for each case. 
 conclusion: This model 
could be applied to 
patient specific data and 
it used as a tool to help 
clinicians on the deci-
sion making for choosing 
one procedure rather to 
another on minimally-
invasive endovascular 
treatment. in addition, 
can be used as boundary 

conditions for more complex CFD (Computational Fluid Dynamics) that 
involve patient specific data.

inTernal caroTid and renal arTery blood flow measure-
menT of a PulsaTile flow cenTrifugal PumP ToTal arTifi-
cial hearT in animals
Takuya Shiga,12 Hidekazu Miura,1 Yasuyuki Shiraishi,1 Yoshikatsu Saiki,3 
Tomoyuki Yambe.1 1Medical Engineering and Cardiology, Institute of 
Development, Aging and Cancer, Tohoku University, Sendai, Japan; 
2Anesthesiology and Perioperative Medicine, Graduate School of 
Medicine, Tohoku University, Sendai, Miyagi, Japan; 3Cardiovascular 
Surgery, Graduate School of Medicine, Tohoku University, Sendai, Japan.

Purpose: The biocompatibility to a human body of a continuous flow 
and a pulsatile flow are still unknown. object: in a circuit of the centrifu-
gal pump total artificial heart(CFTAH), we generated a continuous and a 
pulsatile flow and measured blood flows of internal carotid artery(iCA) and 
renal artery(rA) in animal experiments. methods: We approached heart 
by left thoracotomy under general anesthesia in goats. We connected our 
CFTAH and maintained the circulation after cardiac arrest by ligation of a 
left coronary artery. We exposed the left iCA and the left rA. Ultrasonic 
wave probe was directly adhered to both artery and we performed mea-
surement of blood flow velocity.  results: We could maintain the circulation 
at a continuous flow and a pulsatile flow after cardiac arrest in CFTAH. The 
pulsatile flow of iCA and rA was obtained in pulsatile flow of CFTAH. iCA 
mean velocity was lower and rA mean velocity was higher in a continuous 
flow than a native heart. And iCA mean velocity was higher and rA mean 
velocity was lower in a pulsatile flow than a continuous flow.

summary: Vital organs blood flow could generate pulsatile flow by the 
pulsatile flow of CFTAH, and distribution of the blood flow to each organ 
may be different from a continuous flow in pulsatile flow. We can research 
on chronic experiment and which is compatible to a human body.

Table 1

 
BP Systolic /Diastolic 

(Mean) mmHg
ICA velocity Max/Min 

(Mean) cm/sec
RA velocity Max/Min 

(Mean) cm/sec

Native heart 105/61 (81) 71.0/33.0 (43.0) 50.0/12.7 (37.2)
Continuous -/- (83) -/- (40.4) -/- (38.0)
Pulsatile 101/82 (92) 50.1/35.6 (42.3) 43.2/23.9 (32.5)
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fibrinogen acTiViTy and PlaTeleT adhesion on biomaTe-
rial surfaces
Lichong Xu, Bryan M Scheetz, Christopher A Siedlecki. Surgery, Penn 
State College of Medicine, Hershey, PA.

Fibrinogen adsorbed on material surfaces undergoes conformational 
changes and subsequently mediates platelet adhesion and thrombus for-
mation. recent evidence has shown that the platelet binding epitope 
located in the -chain dodecapeptide plays an important role in plate-
let adhesion to biomaterials. in this study, we utilize an AFM technique 
employing an antibody-modified probe for calculating the probability 
of this -chain dodecapeptide epitope being available (as a measure of 
protein functional activity) to follow fibrinogen adsorption to polymeric 
materials from platelet poor plasma on 5 different polymeric materials 
and 3 self-assembled monolayers having well-controlled surface chemis-
tries. Platelet adhesion studies by lactate dehydrogenase (LDH) assay are 
then used to correlate the measures of antibody binding to subsequent 
platelet adhesion for these materials. The results demonstrate peaks in 
protein functional occurring from 60-90 min post adsorption on poly-
meric materials, and show a dose-response relationship between fibrino-
gen activity and platelet adhesion for the three different homopolymer 
materials studied and also for the silane materials possessing uniform 
surface chemistry. However, two different phase-separated polyurethane 
materials possessing heterogeneous surface chemistries show a weaker 
dose response relationship and reduced numbers of platelets seen for 
the same level of protein functional activity. The results suggest that the 
separated phases in polyurethane materials and/or the heterogeneous 
surface chemistries may affect the ability of platelets to bind to fibrino-
gen thereby leading to the increased blood compatibility seen with poly-
urethane biomaterials.

on The mechanisms of flow-induced blood Trauma: 
blood ViscosiTy Vs. cell-cell inTeracTions
Amanda Daly,1,2 Samuel J Hund,3 James F Antaki,3 Marina V 
Kameneva.1,2,4 1Bioengineering, University of Pittsburgh, Pittsburgh, 
PA; 2McGowan Institute for Regenerative Medicine, Pittsburgh, PA; 
3Biomedical Engineering, Carnegie Mellon University, Pittsburgh, PA; 
4Surgery, University of Pittsburgh, Pittsburgh, PA.

The objective of this study was to investigate the relative influence 
of red blood cell (rBC) concentration and cell suspension viscosity on 
mechanical hemolysis. The experimental matrix consisted of five sus-
pensions of rBCs and hemoglobin-depleted rBC (ghosts): three used 
PBS as the suspending medium and two used viscosity-matched 7% 
Dextran solution (See Table). Suspensions were circulated in a flow 
system containing a straight glass tube (1.4mm iD, 140mm length) for 
2 hours at a 0.80 LPM flow rate corresponding to a reynolds num-
ber~3500, wall shear stress~170Pa and total exposure time~10s. Free 
hemoglobin concentration (freeHb) and suspension viscosity were mea-

sured at T=0, 1 and 2 hours and 
the rBC mechanical fragility test 
was performed for all suspen-
sions. Viscosity of the 40% rBC 
suspension did not change from 
baseline (3.6-3.9cP, 500s-1) and 
was similar to the rBC/ghost 
baseline viscosities. At 120 min-
utes, the increase in freeHb from 

baseline (∆freeHb) was nearly 
proportional to the amount of 
normal rBCs in suspensions 
(See figure). The rBC/ghost 
suspensions were statistically 
different from their viscosity-
matched controls, indicating 
that there is a greater signifi-
cance of cell-cell collisions for 
the flow-induced hemolysis 
than the suspension viscosity.

comPuTaTional model for acTuaTor of The imPlanTable 
cenTrifugal blood PumP
Tarcisio Leao,1 eduardo Bock 1,2 ivan Chabu,3 Jose Cardoso,3 Aron 
Andrade,2 Beatriz Uebelhart,2 Andre Cavalheiro,3 Diolino Santos Filho,3 
Alexandre Campo.1 1Federal Institute of Tecnology in Sao Paulo, Brazil; 
2Institute Dante Pazzanese of Cardiology, Brazil; 3Sao Paulo University, 
Brazil.

This work presents a Computational Model for electromechanical 
actuator of the implantable Centrifugal Blood Pump (iCBP). iCBP is 
being developed for long term Ventricular Assist Device (VAD). A reliable 
model of the actuator is an important step in the development of iCBP 
controller. The actuator is a Brushless Direct Current motor (BLDC) (Fig-
ure 1a). The motor provides the movement of the pump impeller directly, 
ie, the permanent magnet motor is on the base of the pump rotor. Com-
putational Modeling was performed using Matlab / Simulink, where the 
block Permanent Magnet Synchronous Machine (PMSM) SimPowerSys-
tems library was used to represent actuator (Figure 1b). The motor drive 
system was modeled using blocks of power. The simulation was carried 
out varying load torque to evaluate the performance of the model against 
the actual loads. Motor test was performed in a specially constructed 
device for this purpose. Parameters such as speed, current, voltage, elec-
tromagnetic torque and axial force were measured during tests. Com-

paring all values 
between simula-
tion and experi-
mental results, 
d i f f e r e n c e s 
observed were 
less than 10%. 
Therefore, the 
model was con-
sidered satisfac-
tory to represent 
the actuator from 
the iCBP and 

may be used in controller design. Figure1.a)Picture of iCBP actuator 
showing BLDC motor stator; b) Block diagram representing the system.

PoTenTial of Tissue engineering an allografT inTo a 
funcTional auTografT
L Brasile,1 P glowacki,1 BM Stubenitsky.2 1BREONICS, Inc.; 2University 
Medical Center, Utrecht, Netherlands.

Purpose: Although passenger leukocytes contribute to the sensitizing 
milieu that impacts the antigenicity of an allograft, the major target of the 
immune response is the vascular endothelial cell (VeC). The antigenicity 
of VeC is related to the surface expression of antigen systems including the 
MHC. reducing the antigenicity of the VeC represents a logical approach 
to ameliorating allo-responsiveness. We investigated if it is feasible to 
tissue engineer the most immunogenic component of a renal allograft. 
methods: Human renal allografts were transitioned from hypothermic 
preservation to warm acellular ex vivo perfusion. The vasculature was 
first treated with a bioengineered interface consisting of a nano-barrier 
membrane, nB-LVF4. Following polymerization, 1.0 X 108 human VeC 
labeled with red fluorescence were introduced into the perfusion path. 
Following 12 hours of continued perfusion, the majority of VeC were 
found to have left the circulation. summary: Kidneys were evaluated by 
fluorescent microscopy. The labeled VeC were found exclusively along 
the vascular lumens resulting in the formation of blood vessels with native 
basement membrane covered with native VeC sandwiched beneath the 
tissue engineered basement membrane with labeled seeded VeC. These 
preliminary results demonstrate that tissue engineering of the most immu-
nogenic component of a renal allograft is feasible.

Table 1.

Cells Medium

40% RBC PBS
10% RBC, 30% Ghost PBS
20% RBC, 20% Ghost PBS
20% RBC 7% Dextran
10% RBC 7% Dextran
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flow weighTed residence Time: a useful indicaTor of 
hemolysis
Katharine H Fraser,1 ertan Taskin,2 Tao Zhang,2 Bartley P griffith,2 
Zhongjun J Wu.2 1Bioengineering, Imperial College London; 2Surgery, 
University of Maryland.

Purpose: Damage to the blood by mechanical shear stress is a lim-
itation on the use of VADs. This damage includes hemolysis, platelet 
activation and altered coagulation. numerical models of blood damage 
are usually functions of shear stress magnitude and exposure time and 
require empirically derived constants. in contrast, the flow weighted res-
idence time, tr, is simply given by tr=V/Q, where V is the volume and Q 
is the flow rate through the device. if V is the volume experiencing shear 
stress above a critical threshold then tr is the flow weighted time spent by 
the blood above that threshold. We tested the hypothesis that tr correlates 
with hemolysis and can be a useful parameter in comparing different 
ventricular assist devices (VADs). methods: Computational fluid dynam-
ics was used to simulate the flow field in two different VADs (one axial 
flow VAD and one centrifugal flow VAD), in total 16 conditions. From 
the simulated flows, the scalar shear stress (sss) field was calculated, 
then thresholded to give the volume with sss above particular thresh-
olds, and tr was found for each condition. Values for tr were compared 
with experimental measurements of hemolysis obtained in a recirculat-
ing flow loop. results: The correlation between experimental Hi and tr 
had the best fit when the threshold was 120 Pa (r2=0.714) suggesting this 
as a critical shear stress level for hemolysis. Although less accurate than 
power law based scalar transport models (r2≈0.9) the proposed method is 
a parameter free technique for estimating hemolysis. At similar operating 
conditions tr was 2.48 ms in the axial VAD and 0.44 ms in the centrifugal 
VAD. tr is currently being evaluated for several other VADs.

design, manufacTure and aPPlicaTion of hollow Poly-
mer microneedles for samPling inTersTiTial fluid in kid-
ney disease
idalia Dawidowska,1 nadeem rizvi,2 robert Barber,3 Paul Brenchley,1 
Sandip Mitra.1 1Renal Medicine and Renal Research, Manchester 
Royal Infirmary, Manchester, United Kingdom; 2Laser Micromachining 
Limited, St Asaph, United Kingdom; 3Centre for Microfluidics, Science 
and Technology Facilities Council, Daresbury, United Kingdom.

background: The development of microneedles for minimally inva-
sive delivery of pharmaceutical substances into the epidermis has been 
the subject of several publications. Very few studies, however, have 
looked at microneedle use for extracting epidermal interstitial fluid 
(iSF). Microneedle extraction may enhance the understanding of the ure-
mic composition of iSF, and possibly facilitate monitoring of patients 
with chronic kidney disease (CKD). methods: Hollow plastic polymer 
microneedles were produced, optimised and tested on CKD patients 
with oedema and healthy controls. The factors governing microneedle 
penetration and fluid extraction, and the tolerability of the microneedles 
were also investigated. results: Hollow microneedles were successfully 
fabricated in polyimide (Pi) and polyetheretherketone (PeeK) using laser-
micro-machining (LMM). Application on 37 CKD patients and 6 healthy 
volunteers showed that an impact insertion method consistently pro-
duced microneedle penetration. Successful iSF extraction occurred in 
68.8% of the patients in whom penetration was achieved. These patients 
had raised interstitial pressures and interstitial volumes (and hence 
higher hydraulic conductivity), consistent with computational predic-
tions. A para-axial hole design showed a lower likelihood of becom-
ing blocked compared to a central through-hole (p=0.03). Microneedles 
were well tolerated with no pain or bleeding in over 95% of applications. 
 conclusion: Hollow microneedles can be used to extract epidermal iSF 
for constituent analysis. Further research is needed to ensure consistency 
of fluid extraction, enhance volumes and widen the applicability of the 
technology.

relaTionshiPs beTween PlaTeleT acTiVaTion, PlaTeleT 
counTs and agonisT concenTraTions for circulaTory 
suPPorT deVice deVeloPmenT
Denise Medvid, Christopher A Siedlecki. Surgery, Penn State College of 
Medicine, Hershey, PA.

The development of circulatory support devices for cardiovascular 
disease continues to be important. During development, information 
gathered by measurement of activated platelets in animal models is 
valuable in avoiding thrombus formation. The percentage of activated 
platelets is often measured using flow cytometric immunochemistry 
techniques targeted against markers on activated platelets. However, 
little is known about the relationships between platelet concentrations, 
agonist amounts and subsequent platelet activation. Blood from normal 
calves was collected in 4.5 ml tubes containing 3.8% sodium citrate. 
PrP (platelet-rich plasma) was obtained and platelet count adjusted to; 
250,000/ul, 125,000/ul, 63,000/ul, or 32,000/ul. each set of platelets was 
incubated with collagen either at a fixed amount or scaled with platelet 
count. Appropriate antibodies were used to label and count activated 
platelets. A -FiTC a secondary antibody was added for flow cytometry. 
exposure to collagen results in increasing numbers of activated platelets, 
as expected. However, studies performed using a range of known plate-
let concentrations and “fixed” as well as “scaled” amounts of collagen 
agonist suggest a relationship between platelet concentration, amount of 
agonist and percentage of platelets activated. Specifically, we found that 
a platelet concentration of 125,000/ul with decreased collagen yielded 
the highest percentage activated platelets. in development of these cir-
culatory devices, measuring the percentage platelet activation is a key 
to determining efficacy of devices, and this work suggests that agonist/
platelet relationships need to be considered.

Visualizing disTribuTions of PlaTeleTs and fibrin on 
reTrieVed lVas blood sacs
Hanako Yamanaka,1 Denise Medvid,1 gerson rosenberg,1 William J 
Weiss,1 Alan J Snyder,2 Conrad M Zapanta,3 Christopher A Siedlecki.1 
1Surgery, Penn State College of Medicine, Hershey, PA; 2Lehigh University; 
3Biomedical Engineering, Carnegie Mellon University, Pittsburgh, PA.

Left ventricular assist systems (LVAS) were implanted into calves for 
3-days (n=7) or 30-days (n=9) with some animals at each time given 
postoperative anticoagulation (heparin/warfarin sodium). Studies were 
performed in AAALAC-accredited facilities and veterinary care adminis-
tered in accordance with The guide for Care and Use of Laboratory Ani-
mals. The distribution of fibrin and platelets on the polymeric blood sacs 
was evaluated by immunolabeling and confocal microscopy. Blood sac 
samples were cut from each of eight regions of the sixteen blood sacs. 
Samples were covered with PBS then labeled overnight at 4oC with 1 
ml of a primary antibody solution containing 8ml of 6% normal donkey 
serum, 12ul of mouse anti-bovine iib3, and 8ul of goat anti-bovine 
fibrinogen. Confocal images were scored for platelet and fibrin feature. 
Platelet adhesion was high in the top and bottom sac regions for all 
groups. Large thrombi were observed, primarily in the region between 
inlet/outlet ports. 30-day sacs had higher densities of large thrombi and 
small fibrin clots compared to 3-day sacs. Microparticles labeled as 
platelets were observed on non-anticoagulated sacs at 3 days but rarely 
seen in 30-day sacs. Anticoagulation reduced microparticles in the 
3-day study but platelet adhesion was independent of anticoagulation at 
30-days. Surprisingly, no correlation was observed between fibrin adhe-
sion and anticoagulation. This study showed thrombosis in response to 
implanting LVAS to be different at 3 and 30 days, and the responses of 
platelets and fibrin to anticoagulation and their distribution throughout 
the blood sac varied, presumably in response to the varied flow condi-
tions in different regions of the sac.
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Thrombus dePosiTion wiThin a Penn sTaTe 50cc lefT Ven-
Tricular assisT deVice: comParing exPerimenTal fluid 
mechanics, cfd and In VIVo exPerimenTs
Stephen r Topper,1 Michael A navitsky,1 Christopher A Siedlecki,1,2 
Steven Deutsch,1 gerson rosenberg,1,2 Keefe B Manning.1,2 1Department 
of Bioengineering, The Pennsylvania State University, University Park, 
PA; 2Department of Surgery, The Penn State Hershey Medical Center, 
Hershey, PA.

Ventricular assist devices (VADs) are used clinically to support patients 
suffering from insufficient cardiac function, often caused by congestive 
heart failure. A limited number of organ donors and improvements in 
VAD technology make these devices viable alternatives to transplant. 
Despite improvements in this technology, thrombus formation within the 
pump and at the cannula junctions still causes serious complications 
with increased risk of embolization and strokes. This study correlates 
evidence of platelet and fibrin deposition from in vivo bovine studies 
to both experimental and computational fluid dynamics (CFD) studies 
conducted within the Penn State 50 cc V-2 VAD at 75 beats per minute. 
Particle image velocimetry (PiV) is a technique used to measure the shear 
along the VAD wall. Thombus-prone regions are those characterized by 
shear rates below 500 s-1 and because of the inlet jet behavior during 
diastole, they are typically found on the bottom VAD wall along the out-
let side. These trends are supported by fluorescent and scanning electron 
microscopic surface analysis of the polyurethane blood sacs that line 
VADs explanted after bovine studies. in areas characterized by low shear 
along the bottom, outlet-side wall, multiple fibrin and platelet clots were 
observed. no such clots were seen along the inlet walls as the inlet jet 
provides sufficient washing. These findings and PiV measurements are 
supported by computational modeling of the V-2 VAD, however, further 
studies are required to both solidify the link between in vivo and in vitro 
observations and move to better thrombus prediction from CFD.

an In VItro fluid dynamic sTudy of a conTinuous 
flow deVice in relaTion To acQuired Von willebrand 
syndrome
ryan A Lani,1 Joshua o Taylor,1 Benjamin M Knisely,1 richard S Meyer,2 
Steven Deutsch,1,2 Keefe B Manning.1,3 1Department of Bioengineering, 
The Pennsylvania State University, University Park, PA; 2Applied 
Research Laboratory, The Pennsylvania State University, State College, 
PA; 3Department of Surgery, The Penn State Hershey Medical Center, 
Hershey, PA.

Heart disease is one of the major causes of death in America. Cur-
rently, there are insufficient donor hearts to implant into eligible patients; 
therefore, their best chance of living is through a ventricular assist device 
(VAD). VADs have been in use for decades as a bridge-to-transplant and 
are now used as permanent solutions. While most VADs have minimal 
surgical complications or infections, all are subject to hemolysis and 
thrombus formation. recently, there has been a significant increase in 
reports of patients diagnosed with acquired von Willebrand Syndrome in 
some continuous flow devices. This disease is characterized by uncon-
trollable bleeding episodes due to a decrease in the blood concentra-
tion of von Willebrand Factor (vWF), a protein in the clotting cascade. 
Laser Doppler velocimetry (LDV) was used to measure the velocity at the 
outlet of the HeartMate ii® in an acrylic model. The downstream veloc-
ity profiles initially alternated between reversed and characteristic Dean 
flow profiles, before fully developing. These velocities were then used 
to calculate the turbulence intensities, wall shear stresses, and reynolds 
shear stresses. The pump was run at 8800 rPM with a pressure drop of 
80 mmHg, yielding a flow rate of 5.0 L/min. These data were then used 
to determine which, if any, of the regions of the outlet were above the 
proteolytic cleavage threshold for vWF.

a ParTicle image VelocimeTry sTudy of Two Penn sTaTe 
PulsaTile 50cc lVad designs: Thrombus suscePTibiliTy 
comParisons
Michael A navitsky,1 Jason C nanna,1 Steven Deutsch,1 Keefe B 
Manning.1,2 1Department of Bioengineering, The Pennsylvania State 
University, University Park, PA; 2Department of Surgery, The Penn State 
Hershey Medical Center, Hershey, PA.

Approximately 5.7 million Americans are afflicted with heart dis-
ease, with a reported 670,000 new cases and 300,000 deaths each 
year. Although the Penn State pulsatile 50cc left ventricular assist device 
(LVAD) is functional in assisting a failing ventricle, complications such 
as thrombus formation limit long term usage. Particle image velocimetry 
(PiV) in planes both parallel and normal to the pusher-plate of the 50 cc 
LVAD have been performed to visualize flow patterns and calculate wall 
shear rates for two pump designs operating at 75 bpm and 38% systolic 
duration. The pumps have identical stroke volumes and port dimen-
sions but differ in the geometry of the front face. The V1 design has a 
“dome” on the front face compared to the flat face of the V2 design. A 
viscoelastic blood analog was used to simulate 40% hematocrit blood. 
The thrombus susceptibility potential (TSP), developed through a com-
putational study of an adult size VAD, was used to objectively compare 
the two pump designs. This metric relates measured wall shear values 
to exposure time and established shear threshold values for thrombus 
deposition and inhibition on materials similar to that used for the Penn 
State LVAD blood sac. Use of the TSP revealed regions that appear to be 
highly susceptible to thrombus formation, specifically the base of the 
pump between the inlet and outlet ports. overall, the V2 design was 
found to be less susceptible to thrombus deposition.

sTudy on The changes in mechanical ProPerTies of 
imPlanTed collagen Vascular grafTs
Javier navarro,1 Lina M Quijano,1 Diana M Sánchez,1 Sergio D galvis,1 
Juan D Pérez,1 Heinz g Hiller,2 Juan C Briceño.1,2 1Departamento de 
Ingeniería Biomédica, Universidad de Los Andes, Bogotá, Colombia; 
2Departamento de Investigaciones, Fundación Cardioinfantil - Instituto 
de Cardiología, Bogotá, Colombia.

Small intestine submucosa (SiS) is a promising material for vascular 
grafts that allows cellular proliferation and tissue regeneration. once 
implanted, an ideal graft will become mechanically and biologically 
similar to adjacent vascular tissue. The aim of this work is to study 
mechanical properties of SiS grafts implanted as replacement of carotid 
artery in a porcine model, as compared to explanted healthy vessel tissue 
(HVT). equibiaxial (Te), shear (TS) and uniaxial (TU) tensile tests were 
performed on grafts (4.7mm inner diameter) implanted for 25 (n=1), 
55 (n=4) and 145 days (n=4), and compared to HVT samples (n=14). 
A dynamic model was used to study effects of vascular wall material 
on cardiac pulse transmission. As observed in the stress-strain curves 
(Fig.1), the properties of implanted grafts had progressively similar values 
to native HVT. The dynamic model validates the elastic and hemody-
namic functionality of the grafts. The wave speed gradually decreased 
to values close to those of HVT (Fig.2), mainly due to changes in vessel 
wall stiffness. in conclusion, the mechanical properties of pre-implanted 
SiS grafts are initially different from HVT, but they become closer to HVT 
after implantation and once the regeneration process begins. Deviations 
in wave speed were also observed, but the tendency in time indicates an 
eventual adequate hemodynamical behavior.
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liPosome-encaPsulaTed hemoglobin enhances chemo-
TheraPy To suPPress Tumor growTh and meTasTasis in 
mice
Chieko Murayama, Akira T Kawaguchi, Akemi Kamijo, Sataro Sadahiro, 
Yasukazu nagato. Tokai University School of Medicine, Isehara, 
Kanagawa, Japan.

background: We hypothesize that targeted o2 delivery to a tumor 
by liposome-encapsulated hemoglobin with high o2-affinity (P50=12 
mmHg, h-LeH) may enhance chemotherapy as was demonstrated in 
tumor radiotherapy. methods: Doxorubicin (DXr, intraperitoneally 0.5 
mg/kg daily) or S-1 (orally 8 mg/kg daily) was started 48 h after intra-
muscular inoculation of Lewis Lung Carcinoma in the leg of C57BL/6n 
mice, and continued for 2 weeks in 6 groups (each n=6). H-LeH (5 mL/
kg) was intravenously infused 2 h after chemotherapy every other day for 
2 weeks. After treatments, mice were sacrificed for the tumor growth and 
lung metastasis. results: While administration of h-LeH or DXr alone 
had no effect, addition of h-LeH to DXr resulted in 31% reduction in 
tumor weight (P<0.05) and 41% reduction in lung metastasis (Figure). 
While S-1 alone had a marked effect on tumor growth (35% reduction) 

and lung metastasis (62% 
reduction), addition of h-LeH 
had no significant syner-
gistic effect. Accumulation 
of HiF-1 was significantly 
reduced in tumors of mice 
treated with h-LeH. conclu-
sion: H-LeH was effective to 
enhance chemotherapy with 
anticancer agents that require 
tumor oxygenation (DXr), 
but not with anti- metabolic 
agent (S-1). reduced tumor 
HiF-1 accumulation and 
synergism in chemotherapy 

as well as radiotherapy suggest tumor oxygenation with h-LeH as a 
potential mechanism.

comPuTaTional fluid dynamic inVesTigaTion in The inleT 
PorT of a new model of cenTrifugal blood PumP for 
cardioPulmonary byPass and circulaTory suPPorT wiTh 
differenT imPeller angles
Juliana Leme,1,3 Cibele da Silva,1,2 Bruno U Silva,1,2 Jeison Wg Fonseca,1 
Pedro iTC Antunes,1 Beatriz Uebelhart,1,2 Jarbas J Dinkhuysen,1 José 
Francisco Biscegli,1,3 Aron JP Andrade.1,3 1Bioengineering Divison, 
Institute Dante Pazzanese of Cardiology, São Paulo, SP, Brazil; 2Campinas 
State University, Campinas, SP, Brazil; 3São Paulo University, São Paulo, 
SP, Brazil.

A new model of blood pump for cardiopulmonary bypass (CPB) and 
circulation support application has been developed and evaluated. 
Device design is based on centrifugal pumping principle associated to 
the usage of ceramic bering, resulting in a pump with reduced priming 
(35 ± 5 ml) and application up to 30 days. Computational fluid dynamic 
(CFD) analysis is an efficient tooL to optimize flow path geometry, maxi-
mize hydraulic performance and minimize shear stress, consequently, 
decreasing hemolysis. initial studies were conducted with three different 

impellers analyzing flow 
behavior in pump inlet 
port. Constant fluid 
velocity and pressure 
were applied at pump 
inlet and outlet ports. 
Flow analysis in different 
impellers can determine 
the best impeller design. 
in the future, the results 
of CFD analysis will be 
compared with flow 
visualization and hydro-
dynamic performance 
studies. keywords: blood 
pump, centrifugal pump, 

Computational Fluid Dynamic, cardiopulmonary bypass and Circulatory 
Support

hePaTic inPuT imPedances as a measure of liVer grafT Per-
fusion ProPerTies
Charlotte Debbaut,1 Diethard Monbaliu,2 Patrick Segers.1 1IBiTech-
bioMMeda, Ghent University, Gent, Belgium; 2Department of Abdominal 
Transplant Surgery, University Hospitals Leuven, Leuven, Belgium.

The aim of this pilot study was to assess hepatic fluid dynamics dur-
ing hypothermic machine perfusion (HMP) using hydraulic input imped-
ances as a measure of liver graft perfusion properties. During isolated 
HMP, pressure (p) and flow (q) waveforms were recorded simultaneously 
at the liver blood inlets (hepatic artery (HA) and portal vein (PV)) of two 
human livers discarded for transplantation, while varying perfusion set-
tings. Signal analysis allowed calculating the input impedances (ZHA and 
ZPV) as the fast fourier transform (FFT) of the pressure divided by the flow 
FFT. results are summarized in Table 1. ZHA and ZPV of both livers showed 
similar trends for physiologically relevant frequencies (0-4 Hz). Due to 
substantial differences in size (calculated liver weight of 1.4/2.6 kg for 
liver 1/2), liver 1 showed higher ZHA magnitudes than liver 2, but similar 
phase spectra. Higher HA pressures corresponded to lower ZHA(0 Hz) 
magnitudes (probably due to vasodilatation), but higher ZPV(0 Hz) mag-
nitudes. given the sensitivity to parameters such as size and pressure, 
impedance measurements may be useful tools to assess organ charac-
teristics during HMP prior to transplantation as well as in case of liver 
pathologies such as cirrhosis. Moreover, impedance measurements may 
enable the creation and validation of liver circulation models and fine-
tuning of HMP procedures.

PlaTeleT adhesion To a PolyureThane urea surface under 
alTered shear exPosure
Michael A navitsky,1 Margaret J Slattery,1 Steven Deutsch,1 Christopher 
Siedlecki,1,2 Keefe B Manning.1,2 1Department of Bioengineering, The 
Pennsylvania State University, University Park, PA; 2Department of 
Surgery, The Penn State Hershey Medical Center, Hershey, PA.

Platelet adhesion to a polyurethane urea (PUU) surface is a key pre-
cursor to thrombus formation upon the blood-contacting sac of the Penn 
State left ventricular assist device. Platelets have previously been found 
to adhere strongly to similar polyurethane surfaces below a shear rate 
of 500 s-1. This study aimed to determine platelet adhesion properties to 
PUU as a function of peak shear exposure. Particular attention was given 
to adhesion properties in regions where root mean square (rMS) shear 
rates are below 500 s-1. A rotating disk system is used to deliver steady, 
cardiac inflow and sawtooth waveform rotations on the PUU surface. 
rMS shear values ranged from 0-933 s-1. The disk is rotated in platelet 
rich bovine plasma for a two hour duration for each waveform. Adhesion 
is quantified by confocal microscopy measurements of immunofluores-
cently labeled bovine platelets following administration of a primary 
CAPP2A mouse anti-bovine antibody and secondary Alexa-Fluor 488 
donkey anti-mouse igg. Adhesion coefficients are calculated by divid-
ing the average number of platelets per unit area by the flux by rotation 
time. Platelet adhesion is found to exponentially decay with increasing 
rMS shear rate. Adhesion levels were found to be related to the wave-
forms peak shear rate regardless of the pattern which shear was applied. 
The peak shear rate, related to beat rate variability, directly influenced 
adhesion levels.

Table 1. Mean HA pressure, HA flow, HA and PV impedance 
magnitudes at 0 and 1 Hz for both livers

Liver
pha 

[mmHg]
qha  

[ml/min]
Zha magnitude 
[mmHg*min/ml]

Zpv magnitude 
[mmHg*min/ml]

   0 Hz 1 Hz 0 Hz 1 Hz
1 19   9 2.21 0.49 0.012 0.23
1 38  48 0.79 0.37 0.013 0.16
1 54 100 0.54 0.37 0.016 0.11
2 20  28 0.71 0.11 0.020 0.17
2 40 156 0.26 0.12 0.020 0.62
2 61 303 0.20 0.11 0.024 0.056
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liPosome-encaPsulaTed hemoglobin is ProTecTiVe imme-
diaTely Prior To rePerfusion in 2-hour cerebral ischemia 
model in The raT
Akira T Kawaguchi,1 Munetaka Haida,2 Yoko Takahari,1 Hitomi iwata,1 
naoto Tsuchiyama,1 Shunya Takizawa.1 1Tokai University School of 
Medicine, Isehara, Kanagawa, Japan; 2Tokai University Junior College of 
Nursing and Medical Technology.

background: While liposome-encapsulated hemoglobin with high o2 
affinity (m-LeH, P50=17mmHg) was protective when administered early (5 
min) after the onset of cerebral ischemia, late administration (115 min), or 
5 min prior to reperfusion was evaluated in 2-hour ischemia model. meth-
ods: in the rodent model of thread occlusion of the middle cerebral artery, 
m-LeH (2mL/kg, n=10) or saline (n=10) was intravenously infused 5 min 
prior to reperfusion, removal of the thread in 2-hour-ischemia model. The 
infarction area was assessed by TTC staining 24 hours later, with periodic 
neurological function and Laser-Doppler blood flow monitoring. results: 
Cerebral blood flow was comparably reduced except for after reperfu-
sion, when the flow was suppressed in m-LeH-treated rats (0.65±0.15 vs 
0.88±0.12 of preischemia, P<0.05). While neurologic function tended 
to be better in m-LeH-treated rats, the infarct volume in the cortex and 

brain edema forma-
tion were suppressed 
in m-LeH-treated rats 
than in saline-con-
trols.  conclusion: The 
results suggest that 
m-LeH administered 
immediately prior to 
reperfusion is protec-
tive, and therefore 
may be therapeutic 
at reperfusion proce-
dure late after onset 
of cerebral ischemia. 
The mechanism(s) 

of action may be more related to the suppression on reperfusion injury 
rather than oxygen delivery during ischemia.

effecTs of liPosome-encaPsulaTed hemoglobin on low-
grade cardioPulmonary exercise in The raT
Akira T Kawaguchi, Hiroyuki Furuya, Hiroyuki Aikawa, Masaichi 
Yamamura. Tokai University School of Medicine, Isehara, Kanagawa, 
Japan.

background: Liposome-encapsulated hemoglobin (LeH) may supply 
extra oxygen for additional exercise tolerance at cardiopulmonary exer-
cise (CPe). methods: Ten rats underwent a low-grade CPe; resting (re), 
10 m/min run for 10 min (eX), 30 sec (30’) and 60 sec resting (60’), 
first with the monitoring of blood pressure (BP), heart rate (Hr), Vo2 
and VCo2. After the 1st run, they received 20 mL/kg of LeH with high o2 
affinity (P50=12 mmHg, h-LeH, triangle), homologous blood transfusion 
(rBC, closed circle), saline (x), or no treatment (open circle). Two hours 
later, the animals underwent the same CPe for the 2nd time (2nd run). The 
pair of CPe testing was repeated one week apart for each treatment in 
a random order. results: At the 1st run, Hr, Vo2 and VCo2 increased in 
the same extent while BP remained constant in each group. While Hr, 
Vo2 and VCo2 responses to the 2nd run were similar to those in the 1st run 
except for h-LeH-treatment which had suppressed Hr increase, making 

Vo2/Hr increased 
at rest and exer-
cise. Plasma lactate 
levels were not dif-
ferent among the 
groups.  summary: 
H-LeH may reduce 
Hr at rest and 
attenuate Hr 
response to a low-
grade CPe. Since 
rBC failed to influ-
ence Hr as in the 
saline- or no-treat-

ment, increased plasma o2 content and improved microcirculation by 
h-LeH may be attributable to this phenomenon, or increased CPe reserve 
in healthy animals.

conTinuous Versus PulsaTile flow for lefT VenTricle 
assisT deVices: Performance eValuaTion in a hybrid car-
dioVascular simulaTor
Jeison Wg Fonseca,1,2,3 Bruno U Silva,1 Aron JP Andrade,1,3 Adib D 
Jatene,1 Julio C Lucchi.2,3 1Bioengineering, Institute Dante Pazzanese of 
Cardiology, Sao Paulo, SP, Brazil; 2Electronic and Computer Engineering, 
Institute Technological of Aeronautics, Sao Jose dos Campos, SP, Brazil; 
3Electronic Engineering, University Sao Judas Tadeu, Sao Paulo, SP, 
Brazil.

background: Left Ventricular Assist Devices (LVAD) are divided in two 
main groups considering its pumping mode: continuous or pulsatile. Pur-
pose: in this work, we performed a comparison between continuous and 
pulsatile pumps (PP) performance using a Hybrid Cardiovascular Simula-
tor (HCS). methods: The HCS is a closed hybrid system composed by two 
sections: 1) numeric section: virtually simulates right heart, lungs, head, 
arms, trunk, legs and vena cava; 2) physical section: physically simulates 
left heart and arterial circulation by using a compliance chamber and 
hydraulic resistance. Left ventricle contractility, arterial compliance and 
resistance are controlled by computer. LabVieW® software is used as 
computer interface to control the HCS and to parameters visualization. 
Baroreflex control is addressed by changing left pump frequency using 
mean arterial pressure as input. A centrifugal pump (CP) was connected 
between the left ventricle and aorta. Pump speed was changed and Pres-
sure versus Volume (PxV) loop was analyzed from both ventricles. After 
that, a PP electromechanical was connected in that same way and a 
new PxV loop was analyzed.  results: The results show important differ-
ences between CP and PP. CP reduces heart rate more than reduction 
observed with PP. CP rotational speed needs to be very well controlled 
to have correct functions of natural valves. Also, in case of pump failure 
the injury to left ventricle would be greater using CP than PP, because of 
backflow through the pump. conclusions: All performance differences 
between CP and PP in conjunction with patient health conditions must 
be considered in choosing suitable LVAD.

immidazole cyclodexTrin as an anTidoTe for acuTe cya-
nide Poisoning
Akira T Kawaguchi,1 Takeshi Yamagiwa,1 Takeshi Saito,1 Kenji Watanabe,2 
Koji Kano,2 Sadaki inokuchi.1 1Tokai University School of Medicine, 
Isehara, Kanagawa, Japan; 2Molecular Chemistry and Biochemistry, 
Doshisha University, Kyotanabe, Kyoto, Japan.

objectives: We developed immidazole-cyclodextrin (imCD), a totally 
synthetic supra-molecular complex with a high binding coefficient to 
cynanide (Cn). The purpose of this study is to evaluate the antidotal 
effect of imCD and compare with hydroxycobalamine (CooH) for acute 
Cn poisoning. methods: An equimolar imCD, CooH or saline was intra-
venously administered as a pretreatment, which was followed by LD100 
dose of KCn (0.023 mmol/kg) administered by a gastric tube to BALB/c 
mouse under 2.0% sevoflurane anesthesia. next, as a therapeutic model, 
respiratory arrest caused by intra-gastric KCn was treated with a doubled 
dose of intravenous imCD, CooH and saline. The respiratory pattern and 
mortality rate were followed and compared. results: in the pretreatment 
model, imCD and CooH saved most of animals while all mice with 
saline pretreatment died within 15 minutes after KCn administration. 
As the therapeutic use, both imCD and CooH rescued most of animals 

which resumed 
regular respira-
tion, and survived 
indefinitely. Saline-
treated control ani-
mals also resumed 
irregular respira-
tion which ceased 
within 15 minutes 
of KCn administra-
tion. conclusions: 
imCD showed 
antidotal effects as 

potent as CooH against LD100 dose of intra-gastric KCn. Characteris-
tics of imCD, including high water solubility, rapid urinary excretion, 
intravascular stability, as compared with CooH need to be defined in 
future studies.
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TheraPeuTic use of liPosome-encaPsulaTed hemoglobin 
alleViaTes hearing loss afTer TransienT cochlear isch-
emia and rePerfusion in The gerbil
Masahiro okada,1 Akira T Kawaguchi,2 nobuhiro Hakuba,1 Shoichiro 
Takeda,1 Jun Hyodo,3 naohito Hato,1 Kiyofumi gyo.1 1Otolaryngology, 
Ehime University Graduate School of Medicine, Toon, Ehime, Japan; 
2Tokai University School of Medicine, Isehara, Kanagawa, Japan; 
3Otolaryngology, Takanoko Hospital, Matsuyama, Ehime, Japan.

background: Liposome-encapsulated hemoglobin (LeH) was tested 
after reperfusion in the cochlear ischemia and reperfusion in the gerbil 
as a model of sudden deafness. methods: Mongolian gerbils were ran-
domly assigned to receive 2 ml/kg of LeH with high o2 affinity (m-LeH, 
P50o2=17 mmHg, n=6) or saline (n=6) 60 min after 15-min occlusion 
of the bilateral vertebral arteries and reperfusion. Sequential changes in 
hearing were assessed by auditory brain response at 1, 4, and 7 days after 
ischemia/reperfusion, when the animals were sacrificed for pathological 
studies. results: M-LeH was significantly more effective than saline in 
alleviating hearing loss over a wide auditory range (8-32 kHz, Figure) 
as well as in disappearance of inner hair cells, or the auditory sensory 
terminals 7 days after ischemia/reperfusion. conclusion: The results sug-
gest that LeH administration after reperfusion is significantly effective 

than saline control 
in mitigating func-
tional as well as mor-
phological damage 
following transient 
cochlear ischemia/
reperfusion, and that 
the mechanism(s) of 
action is more related 
to suppressing reperfu-
sion injury rather than 
o2 transfer or aerobic 
metabolism during 
ischemia.
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A Novel Risk scoRiNg system with PReoPeRAtive objective 
PARAmeteRs gives AN excelleNt PRedictioN of 1-yeAR moR-
tAlity iN the PAtieNts with left veNtRiculAR Assist devices 
(lvAds)
Koichiro Kinugawa,1 Taro Shiga,1 Miyoko Endo,2 Toshiro Inaba,1 Hisataka 
Maki,1 Masaru Hatano,1 Atsushi Yao,1 Yasunobu Hirata,1 Takashi 
Nishimura,3 Shunei Kyo,3 Minoru Ono,4 Ryozo Nagai.1 1Cardiovascular 
Medicine, Graduate School of Medicine, University of Tokyo, Bunkyo-
ku, Tokyo, Japan; 2Organ Transplantation, Graduate School of Medicine, 
University of Tokyo, Bunkyo-ku, Tokyo, Japan; 3Therapeutic Strategy 
for Heart Failure, Graduate School of Medicine, University of Tokyo, 
Bunkyo-ku, Tokyo, Japan; 4Cardiothoracic Surgery, Graduate School of 
Medicine, University of Tokyo, Bunkyo-ku, Tokyo, Japan.

Purpose: The preoperative INTERMACS profile is a good predictor for 
the prognosis after LVAD implantation, but is largely dependent on the 
physicians’ decision. Several risk stratification including objective param-
eters, e.g. Leitz-Miller, Columbia, Seattle Heart Failure Model, APACHE, 
have been proposed to estimate patients’ mortality with LVAD. A purpose 
of this study was to construct a new risk scoring system composed of solely 
objective preoperative factors. methods: According to the preoperative 
data from 59 patients who received LVAD since 2002 through 2010, we 
performed a logistic regression analysis and constructed a new scoring sys-
tem consisting of weighted preoperative factors.  Results: Referring to the 
logistic analysis, we constructed a new risk scoring, assigning 8 points to 
serum albumin <3.2 mg/dL (Odds Ratio [OR] 8.475), 7 points to serum 
total bilirubin >4.8 mg/dL (OR 7.300), 6 points to LV end-diastolic diameter 
<55 mm (OR 5.917), 5 points to central venous pressure >11 mmHg (OR 
5.128), which were all objective parameters. The ROC analysis showed 
that the AUC of our scoring was significantly larger than any of the above-
mentioned 5 scoring methods (AUC 0.864, p<0.05). With our scoring, low 
(0-8 points), intermediate (9-17 points), and high (18-26 points) risk strata 
had 1-year survival rates of 94%, 62%, and 14%, respectively (p<0.001). 
Our novel risk score that can be calculated independently of physicians’ 
decision may predict patients’ prognosis after LVAD implantation much 
better than the previously-reported methods.

A New tRANscutANeous commuNicAtioN system usiNg 
humAN body As tRANsmissioN medium foR moNitoRiNg 
imPlANted ARtificiAl heARt
Eiji Okamoto,1 Yoshikuni Kato,1 Kazuyuki Seino,1 Sakiko Kikuchi,1 
Hidekazu Miura,2 Yasuyuki Shiraishi,2 Tomoyuki Yambe,2 Yoshinori 
Mitamura.1 1School of Biological science and Engineering, Tokai 
University, Sapporo, Hokkaido, Japan; 2Medical Engineering and 
Cardiology, Tohoku University, Sendai, Miyagi, Japan.

introduction: The transcutaneous communication system (TCS) is one 
of the key technologies for monitoring and controlling artificial hearts 
and other artificial organs in the body. In this study, we have developed a 
new TCS that uses the human body as a conductive medium. Direct data 
exchange provides higher communication security compared to wireless 
methods without physical constraints like an external wire. method: An 
internal and an external unit of The TCS mainly consists of an ampli-
tude shift keying (ASK) modulator (carrier frequencies: 4 and 10 MHz) 
in a transmission part and an ASK demodulator in a receiving part, and 
electrodes. The ASK-modulated data current is led into the body through 
the electrode.  Results: Performance of the TCS was evaluated by a com-
munication test using a goat. Three internal units were placed on the 
pericardium around the left ventricle, on the internal wall of the left 
chest, and in the abdominal cavity near the left kidney, respectively. The 
external units were placed on the neck, ear lobe, and horn, and tran-
scutaneous communication tests were performed on 9 transcutaneous 
communication lines. The TCS was able to transmit data concurrently 
for 4 weeks through 9 communication lines under full duplex commu-
nication at a transmission rate of 115 kbps. The power consumption of 
each TCS unit was 125 mW with an ASK modulated current of 7 mA 
(RMS). conclusion: The TCS using human body as conductive medium 
has superior performance to that of a traditional TCS and it promises to 
be a next-generation transcutaneous communication device for implant-
able artificial hearts and other artificial organs.

cAvAl collAPse duRiNg veNous dRAiNAge duRiNg cPb
Saad Fikry Abdel-Sayed,1 Julien Favre,2 Ludwig-Karl von Segesser.1 
1Cardiovascular Surgery, University Hospital, Lausanne, Vaud, 
Switzerland; 2Mechanical Engineering, Stanford University, Stanford, 
CA; 3Cardiovascular Surgery, University Hospital, Lausanne, Vaud, 
Switzerland.

Aim: A new simplified plastic self expanding Smart canula® is 
designed for central insertion (trans-atrial insertion into the inferior vena 
cava), and prevention of caval collapse. The objective of our work is 
to assess the influence of the new design with mesh structure on atrial 
chatter. methods: Caval collapse over the entire caval axis, right atrial 
(=position1), hepatic (=2), renal vein (=3), and ileac vein (=4) is realized 
in reversed (inside out) capillary drainage tubes (TAUT®) with 2, 4, 6, or 
8 opposite holes of 1 cm diameter at 5 cm distance intervals. Plastic self-
expanding Smart canula® for central insertion with various lengths: 26 
cm (=right atrial), 34 cm (= hepatic), 43 cm (=renal), and 53 cm (=iliac) 
versus two stages control cannulas (=right atrial + hepatic) are compared. 
Pressure drop (∆P) is measured using Millar pressure transducers. Flow 
rate (Q) is measured using an ultrasonic flow meter. Cannula resistance 
is defined as the slope of the linear relationship of ∆P versus Q2 (∆P/Q2 
ratio). Data display and data recording are controlled using LabView 
virtual instruments in an automatic stepwise fashion.  Results: At 53 cm 
height differential, Q values are 6.88 and 5.17 l/min, and ∆P/Q2 ratios 
are 0.7 and 2.5 for Smart cannula 26 cm long and the two stage control 
cannula respectively. Smart cannula 34 cm long showed 6.75 l/min and 
0.6 ∆P/Q2 ratio versus 5.53 l/min and 2.3 for control cannula (p<0.05). 
Smart cannulas 43 and 53 cm long showed Q values of 7.22 and 7.10 
l/min respectively. conclusion: Smart canula® with its self-expanding 
mesh design outperforms the two stage reference cannula and provides 
72 % less cannula lumen resistance. Direct cannula insertion without 
guide wire is effective.

dRive liNe iNfectioNs iN left veNtRiculAR Assist device: 
imPlicAtioNs foR destiNAtioN theRAPy
Vikas Sharma,1 Salil V Deo,1 John M Stulak,1 Lucian A Durham,1 Richard 
C Daly,1 Soon J Park,1 Larry M Baddour,2 Lyle D Joyce.1 1Division of 
Cardiovascular Surgery, Mayo Clinic, Rochester, MN; 2Division of 
Infectious Diseases, Mayo Clinic, Rochester, MN.

Purpose: Infection is one of the major limitations to successful long-
term support after ventricular assist device (VAD) implantation. There are 
few data specifically examining incidence and predictors of drive line 
infections (DLI) with a changing treatment paradigm toward destination 
therapy (DT) and longer duration of support. methods: Between January 
2007 and 2011, 143 patients underwent HeartMate II implantation, with 
87/143 (61%) as a destination therapy. Drive line maintenance strategy 
included sterile dressing changes with Hibiclens application without 
prophylactic oral antibiotics. Results: DLI developed in 18 patients 
(12%) at a median of 182 days (range 26 - 1138 days) after implan-
tation, among which 12 (66%) patients were from DT cohort. Fifteen 
(82%) were superficial while 3 (18%) were deep infections. History of 
trauma was present in 6 (33%) patients. Seven (38%) patients needed 
re-admission for DLI. Surgical debridement was needed in 3 (17%) 
patients. All patients were managed successfully, without the need for 
VAD explantation or urgent cardiac transplantation. No patient required 
continuos antibiotic prophylaxis after the infection subsided. Risk factor 
analysis identified duration of support as the only independent predic-
tors of infection (p<0.03). The odds of having a DLI rose by 4% for every 
month of support.  summary: DLI were more common after VAD implan-
tation as destination therapy and longer duration of support significantly 
increased this risk. Many require hospital readmission, but DLI may be 
successfully managed with antibiotics and local wound care. Progres-
sion to deep pocket/pump infection is rare in our experience.
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PRedictive vAlve of the model foR eNd stAge liveR diseAse 
(meld) scoRe iN PAtieNts uNdeRgoiNg left veNtRiculAR 
Assist device (lvAd) imPlANtAtioN
Salil V Deo,1 Salah E Altarabsheh,1 Tal Hasin,2 Yanjun Zhao,3 John M 
Stulak,1 Barry A Bolison,2 John A Schirger,2 Richard C Daly,1 Lyle D 
Joyce,1 W Ray Kim,4 Soon J Park.1 1Cardiovascular Surgery, Mayo Clinic, 
Rochester, MN; 2Cardiovascular Diseases, Mayo Clinic, Rochester, 
MN; 3Pharmacology, Mayo Clinic, Rochester, MN; 4Hepatology and 
Gastroenterology, Mayo Clinic, Rochester, MN.

objective: Axial flow LVAD implantation is an effective therapy for 
patients with advanced heart failure. Since the pre-operative hepatic 
and renal function play a critical role in determining adverse events 
after LVAD implantation, we analyzed the predictive role of the MELD 
score in determining in hospital mortality after surgery. Patient and 
 methods: 126 patients underwent implant of an LVAD at our institu-
tion. Their individual pre-operative MELD scores and peri-operative total 
blood product usage (TBPU) were calculated. Since LVAD implant as a 
re-operation is known to independently influence post-operative bleed-
ing and mortality, the patients were divided into Group I (first cardiac 
surgery) and Group II (re-operative surgery).  Results: Group I: LVAD 
implantation was done in 68/126(54 %) patients as their first cardiac 
surgery. The mean MELD score was 16.3+/-6. Median TBPU for this 
group was 20.7units (0,135).In-hospital mortality was 4/68(5.8%) An 
increasing MELD score {c-statistic =0.88} was found to be a predictor 
of early mortality An increasing MELD score was associated with more 
TBPU (p<0.01) with a 10.9+/- 3 TBPU increase per a 10 unit rise in the 
MELD score. Group II: 58/126(46%) underwent LVAD implantation as 
a re-operation. Mean MELD score for these patients was 16 +/- 5. The 
MELD score was not predictive of in-hospital mortality in these patients 
(p=0.97). conclusion: The MELD score is predictive of early mortality 
in patients undergoing LVAD implantation as their first cardiac surgery. 
Utilization of this score to select patients for LVAD implantation may be 
appropriate.

cliNicAl imPlemeNtAtioN of A New miNiAtuRized coN-
tiNuous-flow Assist device does Not effect PAtieNts 
outcome
Jens Garbade, Markus J Barten, Sven Lehmann, Eva-Maria Langenstroth, 
Joerg Seeburger, Martin Misfeld, Michael A Borger, Friedrich-Wilhelm 
Mohr. Cardiac Surgery, Heart Center Leipzig, University of Leipzig.

objectives: The impact of clinical implementation of new miniatur-
ized continuous-flow assist device (cfVAD) on outcome, complication 
rate and quality of life compared to routinely used devices is unknown. 
Here we report our preliminary single-center experience with the HVAD 
(HeartWare). methods: In 2010 we extend our assist device program 
with a new miniaturized cf-pump (HVAD). So far, 25 cfVAD (HeartWare) 
were used in patients due to severe heart failure. All patients were high 
risk patients (INTERMACS Level 1: n=7; Level 2: n=9, and Level 3: n=9). 
The study population included 21 man and 4 women with a mean age 
of 57±8. In-hospital (30-day) and long-term survival, freedom form re-
operation, neurological complication, and the rate of drive-line infec-
tion were examined.  Results: For safety reasons the first implants were 
obtained in relatively stable patients (INTERMACS 3). Mean support time 
was 242 days (range 13-592 days). In-hospital (30-day) mortality was 4% 
(n=1) due to severe cardiogenic shock with multiple organ failure and 
sepsis. No patient died due to procedural or device related complica-
tions. The follow-up survival for all was 21 of 25 patients (84.0%). Bleed-
ing requiring reoperation occurred in 4 patients (n=16%). Neurological 
problems were identified in 4 patients. There were 3 drive-line infec-
tions. 70% of all patients were discharged at home. conclusion: The 
inauguration of a new assist device does not have any negative impact 
on survival and complications. Extended teaching and education was 
observed and the consecutive attention may have a eminent influence 
on successfully clinical implementation.

outcomes foR heARt mAte ii coNtiNuous-flow left veN-
tRiculAR Assist device PAtieNts stRAtified by seveRity of 
cliNicAl stAtus
Jens Garbade, Markus J Barten, Hartmuth B Bittner, Sven Lehmann, Jörg 
Seeburger, Eva-Maria Langenstroth, Michael A Borger, Friedrich-Wilhelm 
Mohr. Heart Surgery, Heart Center, University of Leipzig.

objectives: The use of continuous-flow left ventricular assist devices 
(cf-LVAD) is an approved therapy for patients with heart failure. Here we 
report about our single-center experience with the Heart Mate II (HMII) 
LVAD. methods: Within the last five years 50 HMII pumps were used 
in patients due to refractory heart failure. All patients were at high risk 
(INTERMACS Level 1: n=27; Level 2: n=20, and Level 3: n=3). Addi-
tional, 50% of transplantable patients were listed in high urgent status. 
The study population included 43 man and 7 women with a mean age of 
50±13 (range 20-70 years). In-hospital (30-day) and long-term survival, 
freedom form re-operation, neurological complication, and the rate of 
drive-line infection were examined retrospectively according to patients 
severity.  Results: Mean support time was 377.9 days (range 1-1470 days). 
In-hospital (30-day) mortality was 24% (n=12) due to severe cardiogenic 
shock, multiple organ failure and sepsis. The 1-year and 2-year mortality 
were 32% (n=16) and 36% (n=18) respectively. Patients with INTER-
MACS 1 had the highest mortality rate (52%; n=14). No patient died 
with INTERMACS level 3 preoperatively. Bleeding requiring reoperation 
occurred in 15 patients (30%). Neurological problems were identified in 
12 patients. There were 11 drive-line infections. The incidence of overall 
complication was highly associated with the clinical status. conclusion: 
Treatment of severe heart failure with the HMII cf-LVAD significantly 
improves the acute and long-term survival with low device associated 
complication. However, the preoperative clinical situation has a high 
impact on outcome and complication rate.

iN vivo evAluAtioN of AN imPlANtAble mAgNetic susPeNd-
iNg veNtRiculAR Assist device
Changyan Lin,1 Guanghui Wu,1 Haiyang Li,1 Xiaotong Hou,1 Xiujian 
Liu,1 Chuangye Xu,1 Jing Wang,1 Chen Chen.2 1Capital Medical 
University, Beijing Anzhen Hospital, Beijing; 2China Heart Biomedical 
Incorporation, Suzhou.

Purpose: An implantable, magnetic suspending centrifugal blood 
pump has been developed in Chinaheart Biomedical Incorporation 
aiming for clinical use. This ventricular assist device(VAD) was test in 
hemolysis with the NIH values of 0.0075g/100L that means this VAD is 
available for survival experiment. This study investigated its implanta-
tion possibility and biocompatibility in vivo. methods: In fitting study, 
a model of this VAD, which shape and size are absolutely coincident 
with real one, was implanted two sheep’s thorax respectively, its inflow 
connected with left ventricular apex and outflow with ascending aorta. 
VAD’s position occupied was investigated by comparing preoperative 
and postoperative chest X-ray. In the survival experiment, the inflow was 
implanted into LV apex of beating heart and outflow graft was anastomo-
sed to ascending aorta. One sheep received anticoagulation medication 
with heparin during the device was implanted and was terminated at 20th 
day postoperatively without any significant complications, another with 
warfarin and at 38th day. The biochemical tests of organ function were 
performed preoperatively and postoperatively, end-organs examined 
macroscopically and histopathologically. Results: Fitting study showed 
the VAD could be implanted in the sheep chambers without squeez-
ing the surrounding organs. Biochemical parameters were within nor-
mal limits during the study period. Postmortem examination of organs 
revealed no evidence of microemboli, ischemia or infarction. The pump’s 
inflow and outflow conduits were also free of thrombus. conclusion: The 
implantable magnetic suspending VAD showed exceptional implanta-
tion possibility, hemolysis and hemocompatibility.
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ciRculAtoRy iNflAmmAtoRy ResPoNse iN RelAtioN to oN- 
veRsus off PumP cARdiAc suRgeRy
Sven Lehmann, Jens Garbade, Stefan Dhein, Markus Barten, Martin 
Misfeld, Friedrich W Mohr, Martin Kostelka. Heartcenter, Leipzig, 
Germany.

background: The inflammatory response induced by extracorporeal 
circulation (ECC) is thought to be responsible for postoperative compli-
cations. Aim of this study was to evaluate the direct impact of different 
perfusion modalities on circulatory inflammatory response in a standard 
experimental model. methods: The study was performed on 40 pigs 
(25-35 kg), divided into five groups: ECC with roller-pump (n=8), ECC 
with centrifugal pump and reduced surface area (n=8), ECC with cen-
trifugal pump, reduced surface area and lung perfusion (n=8), ECC with 
centrifugal pump and a coated circuit (n=8) and off-pump control group 
(n=8). Blood samples were taken from the left atrium before CPB, after 
CBP as well as after 1½h and 3h of reperfusion. Flow cytometry was used 
for white blood corpuscle antigen expression analysis.  Results: Results 
were corrected for hematocrit. No relevant alterations of any parameters 
were found in the off-pump group. Regular ECC as well as use of a coated 
circuit led to a significant increase in CD4, CD8, CD14, CD16, activated 
macrophage, activated granulozyte and LFA-1 (CD11a-CD18) measure-
ments. Mac-1 (CD11b-CD18) was significantly increased when using a 
coated ECC system. No significant differences were found between any 
of the groups when analysing for CD 21.  conclusions: Extracorporeal 
circulation leads to an increase in circulatory inflammatory response. 
This inflammatory response can be ameliorated when using smaller cir-
cuits but not by surface coating. These data may be useful for the further 
clinical assessment of novel therapeutic strategies.

PulmoNARy tNf coNceNtRAtioN ANd wAll thickNess 
AfteR oN- veRsus off PumP cARdiAc suRgeRy
Sven Lehmann, Anja Flister, Sergey Leontjey, Joerg Seeburger, Jens 
Garbade, Stefan Dhein, Friedrich W Mohr, Martin Kostelka. Heartcenter, 
Leipzig, Germany.

background: Severe inflammatory response is a major complication 
after ECC. methods: The study was performed on 40 pigs (25-35kg), 
divided into five groups: A) standard ECC with roller-pump, B) ECC with 
centrifugal pump and a coated circuit, C) ECC with centrifugal pump 
and reduced surface area, D) ECC with centrifugal pump, reduced 
surface area and lung perfusion (LP) and E) off-pump control group. 
Pulmonary biopsies were taken before, during and after CPB at ten dif-
ferent time-points, each from the same place.  Results: In comparison 
to off-pump with constant WC, AW and TNF--concentration, normal 
ECC was associated with a significant reduction in WC by 4.88%. It 
was also associated with significantly thinner AW and increased TNF-
-elimination, however only during up to 1h reperfusion . ECC with 
centrifugal pump and a heparin coated circuit showed a 2.8% increase 
of WC and significant broader AW, but only slight changes in TNF--
concentation. Miniaturized ECC without LP demonstrated an increased 
WC of 2.98% with slightly broader AW and the highest and significant 
concentrations of TNF-. ECC with LP led to a delayed but similar sig-
nificant increase of TNF- as well as a slightly reduced WC by 1.53% 
without corresponding changes in the breadth of AW. A moderate corre-
lation between peribronchial and perivascular TNF--concentration and 
AW as well as WC was found. conclusion: Miniaturized ECC leads to 
a more intense systemic inflammatory response when compared with 
normal ECC. While ECC with centrifugal pump caused more pulmonary 
oedema, normal ECC with roller pump reduced the WC of the lung. LP 
can only delay but not prevent inflammatory response.

tRicusPid vAlve suRgeRy duRiNg imPlANt of A left veNtRic-
ulAR Assist device: ouR exPeRieNce
Salil V Deo,1 Hasin Tal,2 Salah E Altarabsheh,1 Steven McKellar,1 John M 
Stulak,1 Lucian Durham, III,1 Richard Daly,1 Soon J Park,1 Lyle D Joyce.1 
1Cardiovascular Surgery, Mayo Clinic, Rochester, MN; 2Cardiovascular 
Diseases, Mayo Clinic, Rochester, MN.

introduction: Correction of severe Tricuspid regurgitation (TR) at 
the time of LVAD implant apparently confers a better long term out-
come. Aim: Analyze our experience with Tricuspid surgery during LVAD 
implant and compare TV repair (TVrpr) vs replacement (TVrpl). Patient 
and methods: 64 patients underwent concomitant tricuspid valve sur-
gery; 49 (77%) underwent a TV repair (TVrpr) and 15 (23%) had TVR 
(TVrpl). All pre-operative hemodynamic parameters including the mean 
TR grade (TVrpr; 3.5 vs TVrpl; 3.6) were comparable.  Results: Cardio-
pulmonary bypass time was longer for patients undergoing TVR (146 
min vs 114 min; P<0.01). Hemodynamic measurements were recorded 
before removal of the pulmonary artery catheter in all patients. There 
was a significant reduction in right atrial pressure for the entire cohort 
(p<0.01) and was similar in TVrpr (13+/-4.8) and TVrpl (13+/- 4.6) 
[p=0.95]. Duration of stay in the intensive care unit , the median dura-
tion of inotropic support (TVr 96 hrs vs TVR 120 hrs; P=0.87) or need for 
right ventricular mechanical support (p=0.93) were similar. Early mor-
tality for the entire cohort was 8(12%) and was not different between 
groups. The mean duration of LVAD support was 12.3+/-9.71 mos. The 
last trans-thoracic Echocardiographic examination was performed at 
mean intervals of 14.6+/-10.8 mos (TVrpr) and 10+/- 7.9 mos (TVrpl) 
(p=0.09). Reduction in TR grade was similar between groups (p=0.22). 
There was no difference in late mortality (p=0.88) between the two sub-
sets of patients.  conclusion: Tricuspid valve repair at the time of LVAD 
implant is effective in correcting TR at mid-term follow-up. The choice of 
repair or replacement does not affect clinical outcome.

geNe exPRessioN PRofiliNg iN PAtieNts uNdeRgoiNg coRo-
NARy ARteRy byPAss suRgeRy with miNi-extRAcoRPoReAl 
ciRcuit oR coNveNtioNAl oNe: imPlicAtioN foR iNflAm-
mAtoRy cytokiNe bAlANce
Kiyoakki Takaba,1 Tokuzou Arao,2 Tatsuya Ogawa,1 Masaaki Miyazawa,3 
Kazuto Nishio,2 Toshihiko Saga.1 1Cardiovascular Surgery, Kinki 
University Faculty of Medicine, Osaka-Sayama, Osaka, Japan; 2Genome 
Biology, Kinki University Faculty of Medicine, Osaka-Sayama, Osaka, 
Japan; 3Immunology, Kinki University Faculty of Medicine, Osaka-
Sayama, Osaka, Japan.

objective: We applied a genomic approach for patients undergoing 
CABG to identify the molecular mechanisms underlying the beneficial 
effects of mini-extracorporeal circuit (MEC). methods: Twenty patients 
subjected to elective CABG were randomized into two groups: group C 
with conventional circuit and group M with MEC (n=10 each). Microar-
ray analyses were performed on m-RNA of leukocyte obtained from the 
blood samples before and 6 hours after cardiopulmonary bypass (CPB) 
to detect the differences in gene expression profiles between two groups. 
 Results: Post-CPB gene profiles revealed that 31genes (including inflam-
matory activators IL1RAP IL13RA1 IL8) were down-regulated (P<0.001, 
>2-fold) and 13 genes (including inflammatory suppressors IL10, L10B, 
IL22) were up-regulated (P<0.001, >5-fold) in group M compared 

with group C. Pathway 
analysis revealed that the 
pathway related to cas-
pase cascade in apop-
tosis was significantly 
down-regulated in group 
M, comparing group 
C (P=0.0002). conclu-
sion: Gene expression 
profiling implicates that 
MEC not only suppresses 
the pro-inflammatory 
cytokine release but bal-
ances the inflammatory 

response by enhancing the anti-inflammatory one, resulting in inhibi-
tion of neutrophil apoptosis.
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develoPmeNt ANd ANimAl test of A Novel iNfectioN-
 ResistANt skiN-buttoN foR loNg-teRm vAd suPPoRt
Tomonori Tsukiya, Yoshiaki Takewa, Yoshiyuki Taenaka, Eisuke Tatsumi. 
Dept. of Artificial Organs, National Cerebral and Cardiovascular Center 
Institute, Suita, Osaka, Japan.

VAD therapy plays an important role in saving the lives of patients 
with severe heart failure. As the VAD support period prolonged due to 
longer waiting periods for transplantation, the incidence of the driveline 
infection has been increasing. In this study, we developed a novel infec-
tion-resistant skin-button for preventing the driveline infection. Our skin-
button was made of bi-layered segmented polyurethane parts. The lower 
part featured tissue-compatible porous flange for implanting into the 
skin, and its pore size (200-300 µm) was optimized to promote tissue-
ingrowth into the material. The topmost nonporous part was used for fix-
ing the driveline. Its shape was designed to relieve the mechanical stress 
from the driveline. We evaluated this skin-button in a series of chronic 
calf tests using a new implantable axial flow VAD. In three calves, the 
skin-button was mounted at the exit site of the driveline, and in five 
calves, the same driveline without skin-button was used. In all animals, 
exit site wound care was not conducted. All animals were sacrificed 
at 90-92 POD on schedule. One calf without skin-button showed seri-
ous driveline infection with hemorrhage. The other four calves without 
the skin-button demonstrated slight epidermal downgrowth, although 
noticeable sign of infection was not detected. In contrast, three calves 
with the skin-button demonstrated no sign of the epidermal downgrowth 
at all, and local infection was completely prevented. The button adhered 
to the skin securely for the entire experimental period in all calves. We 
conclude that the newly developed skin-button may become a useful 
tool for preventing driveline infection in prolonged VAD support.

the AdditioN of suctioN AugmeNts flow iN A Novel cAR-
diAc suPPoRt device
Nicholas R Teman,1 David S Demos,1 Brad Faliks,1 Emilia M Fracz,2 
Daniel E Mazur,2 Alvaro Rojas-Pena,1 Robert H Bartlett,1 Jonathan W 
Haft.1 1Department of Surgery, University of Michigan Health System, 
Ann Arbor, MI; 2Michigan Critical Care Consultants, Inc., Ann Arbor, MI.

objective: Current short-term ventricular assist devices have limita-
tions. We tested a safer non-occlusive peristaltic blood pump (M-pump) 
which relies upon gravity siphon to augment drainage. An inlet reservoir 
capable of applying regulated venous suction was added to the inlet tub-
ing. In addition, a modified version of the pump (BioVAD®) was devel-
oped with a contained housing allowing direct application of regulated 
vacuum directly to the pump chamber. The objective of this study is to 
test the effect of vacuum on device flow in an acute animal model of 
circulatory support. methods: 5 adult male sheep (60.8±1.3 kg) were 
attached to either the M-Pump (n = 3) or BioVAD (n=2). The pump was 
attached in an ECMO configuration utilizing the jugular vein and carotid 
artery. Pump revolutions and negative pressure were adjusted and effect 
on flow and pressures was recorded.  Results: Peak M-Pump flow was 
2.10±0.12 L/min without suction to the reservoir and increased to 
4.59±0.16 with the addition of 120 mmHg suction. Additional vacuum 
had no effect on flow. Maximum BioVAD flow was 1.90±0.23 L/min 
without vacuum and increased to 4.62±0.30 L/min with the addition of 
30 mmHg suction. Unlike with the inlet reservoir, additional vacuum 
progressively decreased flow in the BioVAD. conclusion: The addition of 
suction in a peristaltic pump augments venous drainage, improves flow, 
and obviates the need for siphon drainage without decreasing pump 
function. Although there was a greater increase in flow when vacuum 
assistance was applied directly to the pump chamber, further increases 
in chamber suction impaired pump function. Additional modifications to 
the pump chamber housing will be studied to mitigate this effect.

left veNtRiculAR stRoke woRk coNtRol usiNg A PulsAtile 
veNtRiculAR Assist device
Raffael Amacher,1 Shannon Axiak,2 Alberto Weber,3 Henriette Brinks,3 
Stijn Vandenberghe.4 1Institute for Dynamic Systems and Control, ETH 
Zürich, Switzerland; 2Department of Veterinary Anesthesia, University 
of Bern, Switzerland; 3Department of Cardiovascular Surgery, Inselspital 
Bern, Switzerland; 4ARTORG Cardiovascular Engineering, University of 
Bern, Switzerland.

background: Pulsatile Ventricular Assist Devices (VADs) have a long 
clinical history. Current devices can only run in fixed rate or fill-to-
empty modes because ECG-triggered modes have been abandoned. We 
hypothesize that timing of pump ejection in synchronized mode yields 
control over the left ventricular (LV) Stroke Work (SW) and that ECG-
triggering may allow refined patient management. methods: 8 sheep 
were implanted with a Thoratec PVAD via apical to aorta cannulation. 
The pump was driven by a Medos pneumatic driver in external trig-
ger mode and the trigger was generated in custom hardware and soft-
ware, based on on-line R-wave detection. Start of pump ejection was 
delayed between 0% and 100% of the heart period in 10% increments 
and this was repeated for different pharmacologically induced hemo-
dynamic conditions, covering a wide range of heart rates, peripheral 
resistances, and LV contractilities. Hemodynamic parameters includ-
ing LV pressure and volume, pump flows and chamber pressure were 
recorded. Results: Synchronized mode resulted in stable hemodynamics 
compared to fill-to-empty mode. Occasional arrhythmic beats were not 
problematic. Independent of hemodynamic state, the synchronization 
revealed a sine-like relationship between LV Stroke Work (& wall stress) 
and pump timing. Minimum SW was achieved when the pump was trig-
gered shortly after aortic valve opening (delay ~10%, SW: ~50% below 
baseline). Longer delays resulted in increased SW with a maximum at 
around 70% delay (SW: ~15% above baseline). We conclude that tim-
ing of VAD ejection in synchronized mode yields accurate control of LV 
energetics and myocardial load and can be a method to achieve gradual 
reloading of a recovering LV.

hemodyNAmic effects of A cAtheteR-dePloyed iNtRA-AoR-
tic micRo-AxiAl eNtRAiNmeNt PumP iN A PoRciNe hf model
Michael Cuchiara,1 Farshad Shabari,2 Joggy George,2 Jace Heuring,1 Ben 
Hertzog,1 Reynolds Delgado.2 1Procyrion; 2Texas Heart Institute.

This study validated the hemodynamic effects of Procyrion’s, catheter-
deployed, partial circulatory support device (Pro-Flow) in a porcine acute 
heart failure (HF) model. Long term circulatory support (LTCS) is limited 
to large, complex devices with invasive and risky surgical procedures 
limited to Class IV HF patients. In contrast, Pro-Flow is an intra-aortic 
micro-axial entrainment pump implanted in the cath-lab for LTCS in Class 
III patients. Pro-Flow was deployed via catheter in the thoracic aorta and 
anchored using self-expanding struts. Acute cardiac dysfunction was 
induced via esmolol infusion. Hemodynamic effects were recorded using 
a pressure-volume catheter (left ventricle), a flow probe (renal artery) and 
pressure catheters (aorta and renal arteries). Pro-Flow efficacy was evalu-
ated between device off and device on states. Pro-Flow increased cardiac 
output, stroke volume and ejection fraction while decreasing cardiac 

stroke work 
and afterload. 
Furthermore, 
P r o - F l o w 
significantly 
e n h a n c e d 
renal perfu-
sion which 
may disrupt 
ca rd io rena l 
syndrome and 
enhance HF 
treatment. This 
study dem-
onstrates that 
P r o - F l o w ’s 
catheter based 
i n t ra - ao r t i c 

fluid entrainment strategy improves porcine acute HF hemodynamics 
and has the potential to improve patient quality-of-life by resting the 
heart, promoting remodeling and augmenting end-organ perfusion.
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ciRcAdiAN vARiAtioN of motoR cuRReNt could be obseRved 
iN fixed RotAtioN sPeed ceNtRifugAl- coNtiNuous flow 
lvAd suPPoRt
Kenji Suzuki, Tomohiro Nishinaka, Yuki Ichihara, Masahide Komagamine, 
Takuma Miyamoto, Satoshi Saito, Hiroyuki Tsukui, Kenji Yamazaki. 
Department of Cardiovascular Surgery, The Heart Institute, Tokyo 
Women’s Medical University, Tokyo, Japan.

The algorism for physiological control has been controversial in the 
patients supported with continuous flow LVAD. Little has known relat-
ing physiological control algorism and circardian rhythm. Motor current 
was evaluated in terms of the existence of circadian variation in dilated 
cardiomyopathy patients with centrifugal-continuous flow LVAD. The 
motor speed and electric current data were collected every 10 minutes 
after device implantation and were divided in every 30 days data. Six 
patients were 37.3 ± 14.8 years old and weighed 63.8 ± 15.1 kg at the 
time of operation. As of July 1, 2011, mean support duration was 1345.8 
days (968 - 2216 days). The mean calculated periods of the circadian 
variation was 23.95 ± 0.95 hours and the mean amplitude was 11.45 ± 
4.46 µA. The circadian variation of the motor current was tended to be 
relatively low during night time and high during day time.(P<0.01) The 
amplitude of the motor current became maximum in the fourth month 
and was significantly greater in fourth month than first month (P<0.05). 
Circadian rhythm of motor current could be observed in fixed rotation 
speed centrifugal-continuous flow LVAD support. The cause and effect of 
this variation are still unclear although this is speculated to be correlated 
to physiological changes of some hemodynamic parameters of patients.

comPARisoN of imPlANt site effect oN extRA-vAsculAR 
couNteRPulsAtioN efficAcy
Pong-Jeu Lu,1,2 I-Chen Lu,1 Min-Yao Chan.2 1Aeronautics and Astronautics, 
National Cheng Kung University, Tainan, Taiwan; 2Heart Science and 
Medical Devices Research Center, National Cheng Kung University, 
Tainan, Taiwan.

Long-term counterpulsatile support devices arose in recent years as 
a renewed approach for treating heart failure. Simpler and safer surgi-
cal procedures enable those counterpulsatile devices to be implanted 
earlier, intending to achieve possible myocardial reverse remodeling or 
to stop or slow down the deterioration of heart failure. Implantation via 
subclavian artery or via descending aorta has been adopted respectively 
for connecting the counterpulsatile devices to human circulatory system. 
To study the implant site effect on device efficacy, an in-vitro mock loop 
comprising systemic, coronary and cerebral circulations with human 
arterial anatomy was used. An original para-aortic blood pump (PABP) 
and its modified variant with reduced inflow/outflow tract, both having 
40 ml stroke volume, were employed respectively as the descending 
and subclavian implant device. Standard hemodynamic and metabolic 
performance indices regarding cardiac support were obtained and com-
pared to evaluate the counterpulsation efficacy. In general, descending 
aortic implant achieved much better counterpulsation effectiveness than 
did subclavian implant. When supported by subclavian counterpulsa-
tion, severe device-induced blood steal, which was not mentioned pre-
viously, was found in the right posterior cerebral artery (RPCA) and the 
right vertebral artery (RVA). This induced ischemic complication was 
caused by the systolic unloading of the pump on the regional circulation 
associated with the site effect of subclavian implantation.

feAsibility of fluid stRuctuRe iNteRActioN simulAtioNs 
As A desigN tool of A PulsAtile totAl ARtificiAl heARt
Simon J Sonntag, Tim AS Kaufmann, Torsten Linde, Ulrich Steinseifer, 
Thomas Schmitz-Rode. Department of Cardiovascular Engineering, 
Institute of Applied Medical Engineering, RWTH Aachen University, 
Aachen, Germany.

Purpose: Total Artificial Hearts (TAHs) act as a bride to transplantation 
or as a destination therapy for patients with terminal heart insufficiency. 
The advanced engineering concepts demand new tools to augment the 
development process. The feasibility of Fluid Structure Interaction (FSI) 
simulations as a design tool are considered for the Aachen TAH, a double 
chamber membrane pump actuated by pusher plates. Objective is to per-
form hemodynamic analysis and structural evaluation.  methods: Com-
plex membrane kinematics necessitated fully coupled 3D FSI simulations 
to accurately predict the interaction between the structural components 
and the fluid. Partitioned coupling was provided by ANSYS Multiphys-
ics. An extensive analysis of the contact condition, mesh deformation 
and coupling stability was indispensable to achieve an optimal balance 
between accuracy and stability. A validation of the results was performed 
using particle imaging velocimetry and high-speed video recordings. 

Results: Results of the 
flow field and mem-
brane motion corre-
spond well with the 
experiments. Blood 
flow related prob-
lems like presence of 
recirculation areas, 
washout behavior and 
blood damage can be 

evaluated in detail. Design optimization of the pusher plate is currently 
performed based on estimated stresses. Results in one slice during begin-
ning (left) and end (right) of diastole.

the helicAl flow totAl ARtificiAl heARt: desigN coNcePt 
ANd iNitiAl develoPmeNt
Yusuke Abe,1 Kohei Ishii,1 Takashi Isoyama,1 Itsuro Saito,1 Yusuke Inoue,1 
Toshiya Ono,1 Hidemoto Nakagawa,1 Kazuhiko Ishihara,2 Minoru Ono,3 
Kou Imachi.1 1Department of Biomedical Engineering, The University of 
Tokyo (UT); 2Department of Materials Engineering, UT; 3Department of 
Cardiac Surgery, UT, Tokyo, Japan.

To realize a small size total artificial heart (TAH) with high perfor-
mance, high durability, good anatomical fitting, and good blood com-
patibility, we are developing the helical flow TAH (HFTAH). The HFTAH 
was designed by using two helical flow pumps (HFPs). The HFP is a novel 
rotary blood pump that consists of a multi-vane wheel impeller involving 
rotor magnets, stator coils at the core position, and pump housing having 
double helical volutes. The wheel impeller is set outside the stator and is 
supported with the hydrodynamic levitation bearing formed between the 
impeller and the stator. The axial side of the impeller is suspended with 
two pair of the repulsion magnets. Since the volutes are formed at both 
sides of the impeller, the blood flows with a helical flow pattern inside 
the pump. The HFPs for left and right hearts were designed to be 80 mm 
in diameter and 40 mm wide, and 64 mm in diameter and 37 mm wide, 
respectively. With the combination of the left and right HFPs, the size of 
the HFTAH was designed to be 80 mm in diameter and 84 mm wide. 
The inner surface was entirely coated with antithrombogenic materials. 
The maximum output was 19 L/min against 100 mmHg of pressure head. 
To test the HFTAH in animal, the HFTAH was implanted in a goat. The 
HFTAH could be implanted in the goat with good anatomical fitting. The 
goat survived for one week. We are expecting that the HFTAH could be 
an excellent TAH as a next generation device.
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PRecliNicAl ANd cliNicAl testiNg of A Novel, ultRAPuRe 
NitRic oxide deliveRy system As A tReAtmeNt foR Pulmo-
NARy hyPeRteNsioN
Robert F Roscigno,1 Gregory B Vasquez,1 Kurt P Dasse,1 David H Fine,1 
Mark A Lovich,2 Richard J Gilbert,2 Matt Tector,3 Alfred J Tector,3 Andrew J 
Boyle.3 1GeNO, LLC, Cocoa, FL; 2Department of Anesthesiology and Pain 
Medicine and Bioenergy Research Laboratory, Steward St. Elizabeth’s 
Medical Center, Boston, MA; 3Cardiovascular Division, Aurora St. Luke’s 
Medical Center, Milwaukee, WI.

Inhaled nitric oxide (NO) can selectively dilate pulmonary blood ves-
sels, improve oxygenation and decrease pulmonary hypertension (PH). 
Current delivery approaches are associated with the unavoidable co-
delivery of potentially toxic concentrations of nitrogen dioxide (NO2). 
We present a novel approach for generating NO based on flowing NO2 
through a low-resistance ascorbic acid/silica gel cartridge, which avoids 
high concentrations of NO mixing with oxygen, an integral feature of 
existing approaches that can lead to NO2 formation. methods: NO 
purity was assessed by chemiluminescence, cavity attenuated phase 
shift and mass spectroscopy. Preclinical safety and efficacy was assessed 
in a hypoxemia (FiO2 15%) induced swine model of PH. Single-dose 
and 14-day repeat-dose toxicity studies were also conducted. Ultrapure 
NO (20 PPM) was delivered for 15 min. by nasal cannula to patients 
with chronic PH during RHC and in patients undergoing RHC during 
evaluation for cardiac transplant; hemodynamics were measured prior 
to and following NO exposure.  Results: In vitro assessments showed 
highly purified NO. Toxicity studies confirmed NO2 levels less than 
0.15 ppm during delivery (300 ppm NO). Preclinical studies showed 
inhaled NO (1-80 PPM) significantly reduced PH in anesthetized swine 
(P<0.05), without measurable NO2 or methemoglobinemia. During 
acute dosing in patients, NO2 levels (0.04-0.35 PPM) were below the 
FDA limit (3PPM). No adverse events were observed.  conclusions: These 
studies demonstrate a potent, safe and miniaturizable method to gener-
ate pure NO and allows for reconsideration of its role as both an acute 
and chronic therapy for PH.

3d ANAtomic modeliNg of lvAd iNflow cANNulA 
oRieNtAtioN
Thang V Truong,1 Ryan Stanfield,2 Trevor A Snyder,1 Craig C Elkins,1 Paul 
J Kanaly,1 John S Chaffin,1 James W Long.1 1Integris Advanced Cardiac 
Care, Integris Baptist Medical Center, Oklahoma City, OK; 2Department 
of Mechanical Engineering, University of Utah, Salt Lake City, UT.

For Left Ventricular Assist Devices (LVADs) to effectively unload the left 
ventricle and perfuse the body, the inflow cannula (IC) should be aligned 
with the mitral valve (MV). We hypothesized that direct IC-MV alignment 
is 45° right-posterior from an inferior-superior axis originating from the 
left ventricle (LV) apex. Our objectives were to 1) compare in vivo IC 
orientation to our hypothesized optimal angle and 2) determine approxi-
mate optimal angles for IC-MV alignment. Using Mimics® 14.0, 3-D ana-
tomic models were created from computed tomography (CT) scans for 24 
LVAD implanted patients (22 Heartmate® II & 2 Heartmate® XVE). We 
observed that in vivo IC angulation was 22°±15° rightward and 21°±12° 
posterior from the apical z-axis; 38% of patients fell in this range. Optimal 
angulation for IC-MV alignment was found to be 34º±8° rightward and 
15°±7° posterior; only 8% of patients fell in this range. Two of 24 patient 
experienced complications (low VAD output, LV thrombus) attributable 
to IC position. Other troublesome VAD observations (transient hemolysis, 
spurious power spikes, etc.) may result from unrecognized sub-optimal 
IC alignment. Studies of changes in IC-MV placement with time may pro-
vide additional insight. In conclusion, anatomic reconstruction has the 
potential to be a useful preoperative tool to obtain patient specific opti-
mal alignment yielding a more efficient LVAD implantation.

the mvAd® PumP: hAlt ANd shock testiNg
Swapna Narayana Reddy, Justin Wolman, Fernando Casas, Charles 
Shambaugh, Jeffrey LaRose. HeartWare Inc., Miami Lakes, FL.

Purpose: Highly Accelerated Life Testing (HALT) and Shock testing 
were conducted on the MVAD® Pump. The goal was to determine the 
temperature, vibration, and shock operational limits of the MVAD pump. 
The stress levels during HALT and Shock testing are typically far beyond 
those experienced by the unit in its normal operating environment. These 
higher-than-normal stresses accelerate the time to failure and precipi-
tate defects more rapidly than under actual service conditions. methods: 
The MVAD Pump is a 3rd generation full output axial pump supported 
by a contactless passive hydraulic suspension system. HALT and Shock 
testing were conducted on 5 MVAD Pump units. The HALT and Shock 
testing protocols consisted of applying a sequence of stepped tempera-
ture soaks (-20C to 100C), rapid temperature transitions (-20C to 100C 
at 60C/min), high G random vibrations (5 GRMS to 60 GRMS), and half-
sine shock loads (5 G to 50 G in 10ms) while the pump was operated 
at various conditions. Pump performance parameters were obtained 
pre and post testing and used to evaluate unit performance deviations. 
 Results: The operational limits of the pump have been determined (Cold 
Tlimit < -20C, Hot Tlimit >100C, Vibration limit > 60 GRMS, Positive Axial 
Shock limit = 40 G, Negative Axial Shock limit = 15 G, and Radial Shock 
Limit > 50 G). Evaluations for hydraulic performance (HQ maps), power 
consumption (PQ maps), impeller magnetization strength, and electrical 
resistance (motor phase-phase) did not reveal any performance degrada-
tion after testing. In summary, HALT and Shock testing confirmed the 
MVAD Pump’s capability to maintain operation under extreme condi-
tions. CAUTION: Investigational device. Limited by United States law 
to investigational use.

the mvAd® PumP: feAtuRe comPARisoN with the hvAd® 
PumP
Fernando Casas, Carlos Reyes, Justin Wolman, Michael Brown, Jeffrey 
LaRose. HeartWare Inc., Miami Lakes, FL.

Purpose: A feature and performance comparison between the 
MVAD® and HVAD® pumps was conducted. Physical parameters 
as well as hydraulic and electrical performances were compared in 
the context of patient usability and circulatory support capabilities. 
 methods: The MVAD and HVAD pumps are both 3rd generation full out-
put pumps supported by contactless passive hybrid hydraulic magnetic 
suspension systems. A head-to-head feature comparison of both pumps 
was conducted using MVAD and HVAD design and in-vitro data as well 
as feedback from the clinical HVAD trials and commercial experience 
to date. Physical characteristics (size, weight, displacement, priming 
volume, etc.) were tabulated. Hydraulic and electrical performances 
were compared using experimental HQ curves and Power-Flow maps. 
Support capabilities were compared using reference HQ curves and 
patient support ranges obtained from a random sample of HVAD patient 
observed pump flows.  Results: The reduced size of the MVAD Pump 
facilitates its use in smaller patients while, by design, has the potential to 
provide similar support as the HVAD Pump. Although the HVAD Pump 
is more powerful and capable of providing higher flows needed in larger 
patients, the MVAD Pump is capable of providing full support for the 
patient population being currently supported by the HVAD and is also 
designed to provide support for the smaller patient population and for 
RVAD applications. Overall, the MVAD Pump promises to provide full 
support for the vast majority of heart failure patients. CAUTION: Investi-
gational device. Limited by United States law to investigational use.
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effect of RotARy blood PumP Pulse chARActeRistics oN 
cARdiAc woRkloAd
Tohid Pirbodaghi,1 Alberto Weber,2 Thierry Carrel,3 Shannon Axiak,3 Stijn 
Vandenberghe.1 1ARTORG Cardiovascular Engineering, University of 
Bern, Neuchatel, Switzerland; 2Cardiac Surgery Department, Inselspital 
University Hospital, Bern, Switzerland; 3Department of Veterinary 
Anesthesia, University of Bern, Switzerland.

background: Rotary blood pumps (RBPs) running at constant speed 
are the current standard for mechanical circulatory support. Their oper-
ating range is delineated by suction and regurgitation events, leaving 
limited control on cardiac workload. This study investigates if different 
ratios of systolic/diastolic support are advantageous over constant speed 
operation. methods: A CentriMagTM RBP with modified controller was 
implanted in four sheep with left ventricular (LV) apex to descending 
aorta cannulation. Real-time QRS detection with custom software was 
used to trigger pump speed, which switched between a high and low 
value. Four different combinations with different pulse amplitude were 
tested (range: 1000-4000 rpm). All had the same average speed and 
were compared to baseline and constant speed. LV pressure and vol-
ume, coronary flow, and pump flow were analyzed.  Results: LV Stroke 
Work could be altered between 64% and 93% of baseline and 72% 
and 106% of constant speed value, thereby tuning cardiac unloading 
by only changing the pump speed pattern with equal number of revolu-
tions per heartbeat. Maximum unloading is obtained with the highest 
speed during diastole and high pulse amplitude, which also results in 
highest mean coronary flow (110 % of baseline). End diastolic volume in 
the pulsatile modes varied from 85% to 94% of baseline 96% to 107% 
of constant speed value. Pump pulsing results always in an increase 
in pulse pressure up to a max. of 175% compared to constant speed. 
We conclude that high speed during diastole and high pulse amplitude 
unload the heart the most. The present study is an initial step to more 
accurate modulation of RBP speed to maximize control of cardiac load.

PRelimiNARy evAluAtioN of imPlANtAbility ANd biocom-
PAtibility of A miNiAtuRized mAgNeticAlly susPeNded ceN-
tRifugAl blood PumP
Chen Chen,1,2 Chengke Yin,2 Yunshan Ma,1 Chanyan Lin,3 Guanghui Wu,3 
Yu Wang,1 Peng Yang,1 Wenbo Qu,1 Lingfei Yao,1 Xiao Ma,1 Feng Yao,1 
Xuedan Tan,1 Yike Zhang,1 Xiujian Liu,3 Chuangye Xu.3 1CH Biomedical 
Inc, Suzhou, Jiangsu, China; 2Biomanufacturing Research Centre, 
Soochow University, Suzhou, Jiangsu, China; 3Biomedical Engineering, 
Beijing Anzhen Hospital, Capital Medical University, Beijing, China.

Purpose: We reported the design and bench test results of a minia-
turized maglev centrifugal blood pump developed by CH Biomedical 
Inc at last year’s ASAIO conference. This presentation is to provide an 
update on our product R&D progress, especially on the evaluation of 
device implantability and biocompatibility. methods: We built several 
test units per print and subjected them to in vitro hemolysis test and 
chronic in vivo study. The pumps were implanted in the sheep chest for 
anatomic fitting and thrombogenecity evaluation. Two sheep weighing 
60 kg and 44 kg were implanted with the pumps and had maintained 
good health condition until scheduled termination of study on POD 19 
and 36 respectively. Gross and histopathological examinations of throm-
boembolism and bleeding in the major organs as well as examination of 
tissue deposition in the explanted pumps were conducted at necropsy. 
Results and summary: The in vitro blood compatibility test showed 
insignificant hemolysis with NIH index of 7.5±1.7 mg/100L. The in vivo 
study showed that the pump (2.2” in outer diameter and 1.22” in thick-
ness) fitted very well inside the sheep chest cavity. There was no pump 
failure, and no event of postoperative infection or end organ dysfunc-
tion. Necropsy revealed no evidence of thromboembolism or bleeding 
in the major organs, except extremely small amount of tissue deposition 
detected in the pump. Therefore, the current pump should be able to 
achieve blood compatibility benefits of magnetic suspension due to its 
unique flow path design, and to significantly alleviate invasiveness of 
implantation with its remarkably reduced pump size in its class.

does tReAtiNg Acute cARdiogeNic shock with biveNtRicu-
lAR Assist devices imPRove suRvivAl: A siNgle iNstitutioN 
Review
John F Lazar,1 Matthew Schiralli,3 Brian Pisula,1 Marabel Schneider,1 
Todd Massey.1 1Cardiac Surgery, University of Rochester, NY; 2General 
Surgery, University of Rochester, NY.

introduction: Ventricular assist devices (VADs) for refractory cardio-
genic shock has significantly improved survival in a group of patients that 
previously faced a grim outcome. Determining survival based on type of 
refractory cardiogenic shock (acute from acute on chronic from post car-
diotomy) has proved difficult as each group is usually examined in total 
as acute heart failure. The purpose of this study was to exam patients 
who presented in acute refractory cardiogenic shock and received 
biventiruclar assist devices to determine if they had improved survival 
compared to current data. methods: Data from all patients with acute 
refractory cardiogenic shock who underwent implantation of biventricu-
lar assist devices (n = 25) at the University of Rochester between January 
2006 and December 2011 were retrospectively reviewed. Preopera-
tive patient demographics and clinical status and operative outcomes 
were reviewed. Results: 10 biventricular Centrimag extracorporeal assist 
devices (BiVAD) and 15 Hybrid (HeartMate II LVAD and Centrimag 
extracorporeal RVAD) VADs were placed. 17 patients were transferred 
from outside hospitals and 8 were from our institution. Rate of RVAD 
explant was 93.33% for the Hybrid group and 40% for BiVAD group. 
From 2006-2007 survival to discharge was 32.5 % but 79% from 2008-
2011. Overall 1-year survival after explant was 81.25%. conclusion: 
Biventricular assist devices increase survival after refractory cardiogenic 
shock with the Hybrid approach having the greatest impact on explant 
and survival. When compared to the SHOCK trial these results offer 
an alternative treatment algorithm and a reproducible technique with 
improved survival.

AoRtic occlusioN duRiNg extRAcoRPoReAl Assisted 
oRgAN PeRfusioN iN doNoRs AfteR cARdiAc PReveNts ceRe-
bRAl PeRfusioN
David S Demos, Nick Teman, Brian Gray, David Colturi, Robert H 
Bartlett, Alvaro Rojas-Pena, Jeff Punch. Extracorporeal Life Support 
Laboratory, University of Michigan, Ann Arbor, MI.

Extracorporeal Support (ECS) is used to assist organ donation in 
donors after cardiac death (DCDs). There are ethical concerns about 
cerebral and coronary reperfusion and thusly not meeting the definition 
of death. Supraceliac aortic occlusion can be used to eliminate this risk, 
and Near-infrared spectroscopy (NIRS) can confirm lack of oxygenated 
cerebral blood flow. methods: 5 swine (30 kg) were used as DCDs with 
the automatic perfusion system (APS), an automated, portable ECS cir-
cuit designed for abdominal organ reperfusion in DCDs. Anesthetized 
animals were instrumented to measure hemodynamics via the right 
carotid artery and internal jugular vein. A NIRS probe was placed on the 
shaved scalp. Cardiac arrest was induced by apnea and warm ischemia 
was extended for 30 minutes. The iliac vessels were cannulated for ECS, 
and the supraceliac aorta was ligated to mimic use of an aortic balloon. 
ECS was run for 4 hours. Hemodynamic and NIRS data was recorded. 
 Results: ECS was established in all DCDs, obtaining flows over 60 mL/
kg/min and perfusion pressures of 76 ±5 mmHg. NIRS level at baseline 
was 67.5 ±3% (normal above 60%). At cardiac arrest, NIRS fell to 17.4 
±2.6%. NIRS remained below 22.7 % for the duration of ECS. Mean 
arterial pressure in the carotid artery and central venous pressure from 
the internal jugular vein both remained below 11 mmHg, with a pulse 
pressure of zero. conlusion: Supraceliac aortic occlusion during ECS-
assisted organ donation prevents cerebral reperfusion, improves abdom-
inal organ resuscitation, and maintains the definition of death. NIRS can 
be used to confirm lack of cerebral blood flow.
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extRAcoRPoReAl membRANe oxygeNAtioN suPPoRt iN 
AcARdiA
Sotirios Marinakis, Denis Berdajs, Dominique Delay, Enrico Ferrari, 
Lars Niclauss, Mathieu Van Steenberghe, Tanina Rolf, Ludwig Karl von 
Segesser. Cardiovascular Surgery, CHUV, Lausanne, Vaud, Switzerland.

Purpose: To explore the feasibility of an extracorporeal membrane 
oxygenation (ECMO) support in acardia and to test its mid-term hemo-
dynamic stability. methods: ECMO support was established in 5 calves 
(58.6 +/- 6.9 kg) by the transjugular insertion to the caval axis of a self-
expanded cannula, with a carotid artery return. After baseline measure-
ments, ventricular fibrillation was induced, great arteries were clamped, 
heart was excised and right and left atria remnants, containing the pul-
monary veins, were sutured together leaving an atrial septal defect over 
the caval axis cannula. Measurements were taken with the pulmonary 
artery (PA) clamped, declamped and anastomosed with the caval axis 
for a total of 6 hours.  Results: Initial pump flow was 4.1 +/-0.8 L/min 
dropping to 2.6 +/-0.9 L/min (P= 0.014) 10 minutes after induction of 
ventricular fibrillation. After cardiectomy, with the PA clamped it raised 
not significantly to 3.4 +/-0.9 L/min. Declampation of the PA with con-
tinuous aspiration of its blood return, was followed by a significant pump 
flow increase to 3.9 +/-0.9 L/min. PA anastomosis to the caval axis per-
mitted the stabilisation of pump flow close to baseline values (3.9 +/-1.1 
L/min) for a total of 6 hours. Mean arterial pressure followed the same 
pattern.  conclusions: ECMO support in acardia is feasible only if ade-
quate drainage of pulmonary circulation is assured to avoid pulmonary 
congestion and loss of volume from the right to left shunt of bronchial 
vessels. PA anastomosis to the caval axis not only improves pump flow 
but provides an acceptable mid-term hemodynamic stability, permitting 
a peripheral access ECMO support and closure of the chest in extreme 
scenarios indicating a heart explantation.

iN vitRo blood dAmAge testiNg of A PulsAtile totAl ARtifi-
ciAl heARt with A Newly desigNed mock looP
Felix Graef, Christina Egger, Ilona Mager, Marco Laumen, Thomas 
Schmitz-Rode, Ulrich Steinseifer. Dept. of Cardiovascular Engineering, 
Inst. of Applied Medical Engineering, RWTH Aachen University, Aachen, 
Germany.

Purpose: Hemocompatibility of blood pumps is a critical parameter 
to be validated prior to in vivo testing. In contrast to rotary blood pumps 
a standard for testing a pulsatile total artificial heart (TAH) is not yet 
established. This study investigates hemolysis of the left ventricle of 
the ReinHeart TAH in a specially designed mock loop using heparin-
ized porcine blood. The results are compared with a clinically approved 
VAD. methods: The mock loop design allows all measurements such 
as flow or pressure to be without blood contact thus preventing addi-
tional blood damage. Two identical mock loops with a priming volume 
of 640 ml each were set up to allow simultaneous measurements. The 
left ventricle of the ReinHeart TAH with a stroke volume of about 40 ml 
and two bileaflet heart valves was investigated. As a reference a pulsatile 
VAD with a 54 ml stroke volume and two polyurethane heart valves was 
compared. The pumps were operated at 120 bpm with an aortic pressure 
of 120 to 80 mmHg and a mean atrial pressure of 10 mmHg, generat-
ing an output flow of about 5 l/min. The hemoglobin concentration was 
set to 12±1 g/dl and by adding bicarbonate the base excess was set to 
0±5 mmol/l. The hemolysis induced by each system was determined by 
measuring the free plasma hemoglobin and subsequently calculating 
the normalized hemolysis index (NIH). Results: The average NIH values 
of the VAD and the ReinHeart TAH were 0.018 and 0.03, respectively. 
 conclusion: The results give an insight to hemolysis of the current Rein-
Heart TAH design. The new mock loop provides a valuable platform for 
the device development and validation. A procedure has been estab-
lished to verify hemolysis in pulsatile blood pumps.

imPRoviNg the ARteRiAl PulsAtility APPlyiNg RefeReNce 
model coNtRol of cf-lvAd flow RAte: AN exPeRimeNtAl 
study
Selim Bozkurt, Frans N van de Vosse, Marcel CM Rutten. Department of 
Biomedical Engineering, Eindhoven University of Technology, Eindhoven, 
Netherlands.

Purpose of this study was to increase the arterial pulsatility of a contin-
uous flow left ventricular assist device (CF-LVAD) over a cardiac cycle, 
without reducing the level of support. Experiments were done in a mod-
el-controlled mock circulation system. The Micromed HeartAssist5 was 
used as CF-LVAD. The CF-LVAD operating speed was regulated applying 
a PI controller to flow rate. A reference flow rate was generated using 
a numerical cardiovascular system which includes left heart chambers, 
valves and the total circulation. The flow rate through the aortic valve 
from the numerical model was used as reference flow rate for the control 
application. The pump was controlled to co-pulsate with the left ventri-
cle. For an accurate comparison between pulsatility and support level of 
pulsatile operation, the CF-LVAD was also operated at a constant speed 
providing the same mean pump output. To quantify the pulsatility energy 
level, equivalent pressures (EEP) were used. The heart rate was kept at 
75 bpm in the experiments. Contractility and resistance were the same 
for both CF-LVAD operating modes. The total flow rates were 5.2 L/min 
and mean arterial pressures were 87mmHg in both operating modes. 
However, EEP in varying speed operating mode was 94 mmHg while it 
was 90 mmHg in constant speed operating mode. Also pulse pressure 
was nearly 34 mmHg in varying speed operating mode while it was 30 
mmHg in constant speed operating mode. So, while overall perfusion 
rates are the same for constant and variable pump speeds, pulsatility in 
the arterial pressure increased.

iN-vivo PeRfoRmANce study of A duRAble cARdioPulmo-
NARy suPPoRt system coNsistiNg of A hydRodyNAmicAlly 
levitAted ceNtRifugAl PumP
Tomonori Tsukiya,1 Toshihide Mizuno,1 Yoshiaki Takewa,1 Toshiyuki 
Osada,2 Takashi Yamane,3 Eisuke Tatsumi,1 Yoshiyuki Taenaka.1 1Nat’l 
Cerebral Cardiovasc Ctr; 2Mitsubishi Heavy Industries, Ltd.; 3Nat’l Inst 
Advanced Industrial Science Technology.

The purpose of the study is to evaluate durability, in vivo hemodynam-
ics, and biocompatibility of a newly developed durable cardiopulmonary 
support system consisting of a compact centrifugal blood pump with the 
hydrodynamically levitated impeller. In vivo study was conducted by 
making a veno-arterial bypass between the inferior vena cava and the 
carotid artery with the newly developed centrifugal pump and a mem-
brane oxygenator. The centrifugal pump including the driving motor has 
the dimensions of 123 mm x 59 mm, weighing 500 grams. Four adult 
goats were used in the study. After installation, the devices were fixed to 
the specially designed harness, and the animals were kept in the cage 
for the scheduled 30 postoperative days. No anticoagulant therapy was 
employed. Three goats survived for 30 days and were electively termi-
nated. One goat died of bleeding at 21 POD due to the rupture of the 
carotid artery. The cardiopulmonary support systems were able to deliver 
2.79±0.29 L/min of blood flow. The animals demonstrated normal end-
organ function. The plasma free hemoglobin level increased during the 
first week, but returned and stayed within the normal range thereafter. 
The blood contacting surface of the centrifugal pump was free of throm-
bus for all cases. Small amount of thrombus was observed on the casing 
of the membrane oxygenator after 30 days, but the gas transfer was kept 
within normal. In conclusion, the newly developed hydrodynamically 
levitated centrifugal blood pump and the membrane oxygenator demon-
strated sufficient durability and excellent biocompatibility as a long-term 
cardiopulmonary support system.
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hydRodyNAmic beARiNg foR the helicAl flow totAl ARti-
ficiAl heARt
Kohei Ishii,1 Kyohei Hosoda,2 Takashi Isoyama,1 Koki Ariyoshi,2 Itsuro 
Saito,1 Yusuke Inoue,1 Emiko Nakano,2 Hidemoto Nakagawa,1 Toshiya 
Ono,1 Kazuhiko Ishihara,3 Yusuke Abe.1 1Department of Biomedical 
Engineering, Graduate School of Medicine, The University of Tokyo, 
Bunkyo-ku, Tokyo, Japan; 2Graduate School of Medical Sciences, Kitasato 
University, Sagamihara, Kanagawa, Japan; 3Department of Materials 
Engineering, Graduate School of Engineering, The University of Tokyo, 
Bunkyo-ku, Tokyo, Japan.

The helical flow pump (HFP) is a novel rotary blood pump designed 
for the helical flow total artificial heart (HFTAH). In the HFP, with a com-
bination of a hydrodynamically suspended multi-vane impeller and a 
double-volute pump housing generates a helical flow inside the pump. 
The HFP can create a pulsatile flow by regulating rotational speed. A 
HFTAH left pump with hydrodynamic bearing was fabricated. The left 
pump is 80 mm in diameter and 40 mm in width. 19 L/min can be 
obtained for 100 mmHg head at 2500 rpm. To optimize the hemolytic 
characteristics of the HFTAH, the structure of hydro- dynamic bearing 
were evaluated. Four types of the three-lobe hydrodynamic bearing were 
made by titanium alloy (Ti-6Al-4V). Effects on hemolytic characteristics 
from the blood passage angle and the gap clearance were investigated. 
For the thrust support, a flat, a convex and a magnet-repulsion sup-
ports were evaluated. Bovine blood was used in hemolytic test. Hemo-
lysis increased when blood passage grooves were tilted by 10 degree. 
Decreasing the gap clearance from 50 to 30 um improved hemolytic 
characteristics effectively. Better stability on thrust support was obtained 
by using repulsive magnets. The lowest hemolysis was obtained when 
radial bearing gap clearance was 30 um with magnetic thrust bearing.

combiNAtoRy evAluAtioN of PReoPeRAtive Risk iNdices 
well PRedicts the RequiRemeNt of biveNtRiculAR Assist 
device
Taro Shiga,1 Koichiro Kinugawa,1 Teruhiko Imamura,1 Naoko Kato,1 
Miyoko Endo,3 Toshiro Inaba,1 Hisataka Maki,1 Masaru Hatano,1 Atsushi 
Yao,1 Takashi Nishimura,4 Yasunobu Hirata,1 Shunei Kyo,4 Minoru Ono,2 
Ryozo Nagai.1 1Department of Cardiovascular Medicine, The University 
of Tokyo Hospital, Tokyo, Japan; 2Department of Cardiothoracic Surgery, 
The University of Tokyo Hospital, Tokyo, Japan; 3Department of Organ 
Transplantation, The University of Tokyo Hospital, Tokyo, Japan; 
4Department of Therapeutic Strategy for Heart Failure, Graduate School 
of Medicine, The University of Tokyo, Tokyo, Japan.

background: Patients with biventricular assist device (BiVAD) place-
ment have a poor prognosis, but preoperative risk factors for the necessity 
of BiVAD have not fully been elucidated. Aim: To establish preoperative 
predictors for BiVAD requirement. methods and Results: We retrospec-
tively reviewed data from 75 patients who received left ventricular assist 
device (LVAD) between November 2002 and August 2011. Overall, 9 
patients (12%) required BiVAD therapy, and the survival rate of BiVAD 
patients was significantly lower than that of LVAD patients (p <0.001). A 
multivariate analysis for BiVAD requirement showed serum levels of total 
bilirubin (TB) level ≥ 2.5 mg/dl (odds ratio [OR], 6.658; p=0.027) and 
left ventricular diastolic diameter (LVDd) ≤ 62 mm (OR, 10.97; p=0.009) 
were significantly associated with BiVAD requirement. Preoperative cen-
tral venous pressure (CVP)/pulmonary capillary wedge pressure (PCWP) 
ratio ≥ 0.5 (OR, 13.09; p=0.028) was also significantly associated with 
BiVAD requirement. A new scoring (Todai RV failure score: TRV score) 
for predicting BiVAD requirement was created from the combination of 
CVP/PCWP ratio (≥ 0.5), body surface area (≤ 1.4 m2), preoperative use 
of continuous hemodiafiltration, B-type natriuretic peptide (≥ 1171 pg/
ml), TB (≥ 2.5 mg/dl) and LVDd (≤ 62 mm) showed significantly larger 
AUC (0.931; p=0.002) than right ventricular stroke work index by ROC 
analysis. TRV score over 25 showed significantly high probability of 
BiVAD requirement (OR, 24.0; p=0.008).  conclusion: Our new scoring 
method, TRV score including CVP/PCWP ratio can be a novel risk strati-
fication tool for BiVAD therapy.

ouR exPeRieNce iN the develoPmeNt of AN imPlANtAble 
AxiAl PumP
GP Itkin, AM Nevzorov, SU Shemakin, EG Shokhina. Lab Biotechnical 
Systems, FSCTAO name ak. V.I.Shumakov, Moscow, Russian Federation.

Since 2008 we have been developing an implantable axial pump, 
using a CFD. The latest version of the titanium pump VISH-7 has a size of 
100 mm length, 30 mm width, weight 260 g. The rotor of pump is sup-
ported by blood immersed bearings.The pump provides a flow rate 3-8 
l/min at a rotor speed of 5,000-10,000 rpm. The pumps was implanted 
in 2 calves: one in paracorporeal fashion and second in the chest cavity 
of the calf (without cardiopulmonary bypass). The purpose of this study 
is to evaluate long-term operation of the pumps. The inlet cannula of 
diameter 12 mm was inserted into the left ventricle through the apex 
and the pump output was anastomosed to the ascending thoracic aorta 
through 14 mm vascular graft. The calf with paracorporeal pump has 
lived from 62 days. During the experiment the pumps were changed in 
7 days (three times), 2 weeks and 9 days (without anticoagulants). The 
anticoagulation therapy was continued with a warfarin dose to achieve 
a target INR of 1.5 to 2.5 from normal. During every change of pump, 
it was disassembled and a visual assessment of thrombosis on internal 
surfaces of the pumps was performed. The calf with implanted pump has 
lived from 50 days. On the 62th and 50th day, the planned euthanasia of 
both calves was made. The results of visual inspection after the change 
of pumps and after the end of the experiments showed the absence of 
any blood clots in the cavities of the pump and in it’s bearings. Gross 
and microscopic sections of kidney, liver, and lung revealed no evidence 
of microemboli. These results allow us to hope of obtaining a positive 
results in additional preclinical tests to prepare the systems for implanta-
tion of the pumps in the clinic.

veNtRiculAR Assist device (vAd) PARAcoRPoReAl ANd 
totAlly imPlANtAble iNseRtioN techNique
Danilo R Galantini,1 Carlos M Contreras,1 Eduardo G Bock,1 Mirian T 
Shibata.2 1Dante Pazzanese; 2UEL.

materials/methods: Six human corpses and blood centrifugal pumps 
were used. Modified anterior mediastinotomy: a transverse 5-cm wound 
is performed in third right intercostal space, laterally to the sternal edge. 
Dissection planes. Spreader application and exposure of the anterior 
mediastinum. Longitudinal pericardiotomy parallel to the superior vena 
cava and exposure of the ascending aorta and right pulmonary artery. 
Preparation of the aorta for the by-pass with a reinforced 14 mm PTFE 
tube, the outlet cannula of the device. Lateral clamping of the ascend-
ing aorta. Longitudinal aortotomy and anastomosis of PTFE tube with 
continuous 2-0 Prolene single plan suture. Left anterolateral toracotomy: 
the access for the left ventricle apex and the inlet pump cannula con-
nection is performed through this incision in the fourth left intercostal 
space. Dissection planes. Spreader application. Anterolateral mediasti-
num exposure. Pericardiotomy paralelly to the phrenic nerve and large 
enough to expose the LV apex. Approximately 1 cm distant and parallel 
to the anterior interventricular artery, 4 cardinal points with 2-0 Ethibond 
are done, to fix the access cannula to the LV. Left longitudinal ventricu-
lotomy of the apex. Connection of the inlet cannula from the apex to 
the pump with cardinal points of 2-0 Ethibond. Finaly, the teflon tube is 
passed through the anterior mediastinum in craniocaudal direction and 
from the right to the left. Connection of this tube to the pump, with the 
circuit completed. Results. Both paracorporeal and totaly implantable 
techniques were performed succesfully, respectively, in 4 corpses and 
with a larger pump and in 2 corpses with a smaller titanium prototype.
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veNtRiculAR sePtum shift by coNtiNuous-flow lvAd 
PumPiNg ANd its coRRectioN by beAt to beAt RotAtioNAl 
sPeed coNtRol
Mamoru Arakawa,1,2 Yoshiaki Takewa,1 Takashi Nishimura,3 Yuichiro 
Kishimoto,1 Akihide Umeki,3 Masahiko Ando,3 Shunei Kyo,3 Hideo 
Adachi,2 Eisuke Tatsumi.1 1Department of Artificial Organs, National 
Cerebral and Cardiovascular Center, Suita, Osaka, Japan; 2Department of 
Cardiovascular Surgery, Jichi Medical University, Saitama Medical Center, 
Saitama, Japan; 3Department of Cardiothoracic Surgery, The University 
of Tokyo, Bunkyo-ku, Tokyo, Japan.

Right ventricular failure (RVF) is one of serious complications with 
left ventricular assist device (LVAD). Ventricular septum shift toward the 
left ventricle at LVAD support is conceived to be an factor in emergence 
RVF. Previously, we have developed a novel pump controller of contin-
uous-flow LVAD (EVAHEART; Sun Medical Technology Research Corp.), 
which can change the rotational speed (RS) synchronized with the car-
diac cycle. We hypothesize that decreased systolic RS using our control-
ler might change ventricular septum movement. Acute heart failure was 
created in 8 adult goats (54.3±5.0kg) by coronary microsphere (75µm in 
diameter) embolization of LAD and RCA. EVAHEART was installed via 
left thoracotomy. LV and RV pressures were monitored and ventricular 
septum movement was measured by echocardiography. Three differ-
ent control modes, Circuit-Clamp (No pump support), Continuous RS 
and Decreased RS in Systole with full bypass, were investigated. We 
found the decreased systolic duration in Continuous RS, and it was sig-
nificantly alleviated by Decreased RS in Systole (Circuit-Clamp/Continu-
ous RS/Decreased RS in Systole: 42.9±4.4% / 23.8±4.4% / 36.5±4.6% 
(p<0.01)). We also found RV %fractional shortening including septum 
contraction were improved in Decreased RS in Systole. (Circuit Clamp / 
Continuous RS / Decreased RS in Systole: 33.4±8.7%/ 34.2±9.8%/ 
48.8±12.8% (p<0.05)).  summary: The shortened systolic duration con-
tinuous-flow LVAD might be attributable to concessive strong left ven-
tricular unloading, causing for the ventricular septum shift. Our newly 
developed decreased RS in systole mode may alleviate this septum 
movement.

In VITro evAluAtioN of A Novel Autologous AoRtic vAlve 
(biovAlve) with A sPeciAl PulsAtile ciRculAtioN ciRcuit
Hirohito Sumikura,1 Yasuhide Nakayama,2 Kentaro Ohnuma,1 Yoshiaki 
Takewa,1 Eisuke Tatsumi.1 1Department of Artificial Organs, National 
Cerebral and Cardiovascular Center Research Institute; 2Department of 
Biomedical Engineering, National Cerebral and Cardiovascular Center 
Research Institute.

Purpose: We developed an autologous valved conduit with a sinus 
of valsalva, named the BIOVALVE, for an aortic valve replacement by 
using in-body tissue architecture technology, and we evaluated its valvu-
lar function and durability in in vitro experiments. methods: Cylindrical 
mold for BIOVALVE organization was placed into the dorsal subcutane-
ous pouches of goat (weight of 50 kg), and an implant that was encapsu-
lated with connective tissue was extracted two months later. Cylindrical 
mold was removed from the implant and we obtained the BIOVALVE 
(16 mm in inside diameter) completely produced only by connective 
tissue. The BIOVALVE was connected to a pulsatile mock circulation sys-
tem (LaboHeart NCVC, IWAKI Co., Ltd, Japan) at the aortic valve posi-
tion. Saline at 37 °C was used as the working fluid and the immersion 
fluid of BIOVALVE. The valvular function was examined under pulsatile 
condition which simulated systemic circulation. In addition, continuous 
operation was carried out in order to evaluate the durability. Results: The 
flow rate ranged between 4.7 and 8.8 L/min at the mean AoP of 80-92 
mm Hg at beating rate of 70 to 120 bpm. Smooth opening and rapid 
closing of the leaflets were confirmed by the flow and pressure wave-
forms. The durability test demonstrated that even after the BIOVALVE 
pulsated more than 700,000 times under systemic circulation conditions 
(beating rate = 70 bpm, flow rate = 4.8 L/min, mean AoP = 82 mm Hg), 
stable continuous operation was possible without excessive reduction of 
flow rate or burst. conclusions: The developed BIOVALVE demonstrated 
good valvular function and durability for the aortic valve replacement in 
the initial in vitro study.

develoPmeNt ANd evAluAtioN of A comPAct weARAble 
PNeumAtic dRive uNit foR A veNtRiculAR Assist device
Kentaro Ohnuma,1 Akihiko Homma,2 Hirohito Sumikura,1 Eisuke 
Tatsumi,1 Yoshiaki Takewa,1 Yoshiyuki Taenaka,1 Toshihide Mizuno,1 
Tomonori Tsukiya,1 Nobumasa Katagiri,1 Kakuta Yukihide,1 Hiroshi 
Mukaibayashi,3 Kazuo Katano.3 1National Cerebral and Cardiovascular 
Center, Suita, Osaka, Japan; 2Tokyo Denki University, Japan; 3IWAKI CO., 
LTD., Japan.

introduction: A pneumatic VAD is still widely used in Japan espe-
cially for treating the acute severe heart failure patients. Conventional 
pneumatic drivers, however, are large, heavy, high power consumption. 
To solve these problems, we have been developing a wearable pneu-
matic drive unit (WPD). In this paper, we present current status of devel-
opment, and evaluation of the battery powered system in the animal 
tests. methods: The core unit of the WPD consists of a brushless DC 
motor, a crankshaft, a cylinder-piston and non-circular gears (generating 
the systolic ratio). The size and weight are 101 x 174 x 135 mm and 
1.35 kg. The battery powered system constructed by a AC-DC converter 
and a Li-ion battery (Rating: 14.4 V 4400 mAh) x 2, a DC-DC converter 
to convert to the input voltage of the drive unit of 24 V, a power source 
selector to switch the AC power and the stored DC power in the bat-
tery and a controller for charge/discharge of batteries. The WPD systems 
were examined in chronic animal tests. Two Holstein calves underwent 
a left heart bypass.  Results: The battery powered system was examined 
4 times during the chronic animal tests. As a result, the battery opera-
tion time was a maximum of 6:27 h (Mean power consumption: 13.1 
W, Beating rate: 70 bpm, Bypass flow: 4.0 L/min), a minimum of 5:42 h 
(Mean power consumption: 14.8 W, Beating rate: 70 bpm, Bypass flow: 
3.5 L/min). In addition, the WPD system showed sufficient performance 
for driving a pneumatic VAD in chronic animal tests. conclusion: The 
developed WPD system realized a small size, light weight and long bat-
tery operation time. It was suggested that our system has a potential to 
improve QOL of the patients.

PReveNtioN of AoRtic iNsufficieNcy iN A coNtiNuous-
flow lvAd by chANgiNg RotAtioN sPeed iN syNchRoNizA-
tioN with the cARdiAc beAt
Yuichiro Kishimoto,1,3 Mamoru Arakawa,1 Akihide Umeki,2 Masahiko 
Ando,2 Takashi Nishimura,2 Yoshiaki Takewa,1 Motonobu Nishimura,3 
Eisuke Tatsumi.1 1Department of Artificial Organ, National Cerebral and 
Cardiovascular Center Research Institute, Osaka, Japan; 2Department of 
Cardiothoracic Surgery, The University of Tokyo, Japan; 3Department of 
Organ Regeneration Surgery, The University of Tottori, Japan.

While LVAD is becoming an important therapeutic option, native aor-
tic insufficiency (AI) occurrence has been reported with its prolonged 
use. To reduce the pump flow promotes native antegrade flow across the 
aortic valve, but this may result in insufficient support against patient’s 
requirements. Previously, we have developed a novel pump controller of 
continuous-flow LVAD, EVAHEART (Sun Medical Technology Research 
Corp.) that changes its rotation speed (RS) synchronized with the car-
diac cycle. In this study, we investigated if a newly developed delayed 
copulse mode, in which the assist timing of systole support was delayed 
for a very short period, could open the aortic valve without reducing 
the pump flow. We studied 9 adult goats (52.6±4.1kg). EVAHEART was 
installed via left thoracotomy. We conducted 3 modes; intermittent low 
speed (ILS) mode that decreased RS to 1200rpm, intermittent copulse 
mode with 90% bypass rate, intermittent delayed copulse mode with 
90% bypass rate. All of them were changed intermittently from constant 
RS with full bypass rate (baseline). After changing to each mode, the 
total flow (pump flow + native flow) in ILS decreased than the other 
two modes (ILS/copulse/delayed copulse: 2.4±1.0 (p<0.05) / 3.1±1.0 / 
3.1±0.9 (L/min) as compared with baseline: 3.3±0.9 (L/min)). Max aor-
tic valve area was the largest in delayed copulse mode (ILS / copulse / 
delayed copulse: 2.2±0.1 / 1.2±0.5 / 2.5±0.2 (p<0.05) (cm2) as compared 
with baseline: 0.3±0.4 (cm2)). Delayed copulse mode is able to open the 
aortic valve without reducing the pump flow. This novel drive mode may 
have a potential to prevent AI during prolonged LVAD support.
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levitRoNix ceNtRimAg thiRd-geNeRAtioN mAglev coNtiN-
uous flow PumP As bRidge to solutioN
Antonio Loforte, Andrea Montalto, Paola Lilla Della Monica, Angela 
Lappa, Carlo Contento, Francesco Musumeci. Department of Cardiac 
Surgery and Transplantation, S Camillo Hospital, Rome, Europe, Italy.

introduction: The Levitronix ventricular assist device (VAD) is a mag-
netically levitated rotary pump designed for temporary extracorporeal 
support. The aim of this study is to report our early results with the 
device. materials and methods: Between 2004 and 2011, 49 consecu-
tive adult patients were supported with Levitronix at our institution (39 
men; age 60.3±11.2, range: 31-76 years). Indications for support were: 
(Group A, n=44) failure to wean from the cardiopulmonary bypass in the 
setting of post-cardiotomy (n=26), primary donor graft failure (n=4) or 
right ventricular failure after axial or centrifugal long-term LVAD place-
ment (n=14); and (Group B, n=5) refractory heart failure after acute myo-
cardial infarction. Results: The mean support time was 10.2±6.6 days 
(range 3 to 43 days) in Group A and 8.6±4.3 days (range 5 to 11 days) 
in Group B. In the post-cardiotomy cohort (Group A), thirteen (50%) 
patients were weaned from support as all supported graft failure patients. 
Twelve patients of long-term LVAD cohort were weaned from RVAD with 
removal of the temporary pump performed through a right mini-thora-
cotomy in 6 of them. One patient was bridged to heart transplantation 
(Htx). Overall 14 (31.8%) patients died on support in Group A. In Group 
B, one patient was bridged to Htx and four died on support. Overall 
bleeding requiring re-operation occurred in 18 (36.7%) cases and cere-
bral major events in 4 (8.1%). There were no device failures. Overall 29 
(59.1%) patients were discharged home. conclusions: Levitronix Cen-
triMag proved to be effective as a bridge to decision in patients with 
refractory acute cardiogenic shock in several clinical scenarios.

the effects of AiR exPosuRe NegAtive PRessuRe oN humAN 
blood iNflAmmAtoRy ResPoNse PlAtelet ActivAtioN
Ahmed M El-Sabbagh, Cory Toomasian, Guerlain Ulysse, Alvaro Rojas-
Pena, Terry C Major, Robert H Bartlett. ECLS Laboratory, Department of 
General Surgery, University of Michigan, Ann Arbor, MI.

Cardiopulmonary bypass (CPB) elicits a systemic inflammatory 
response, increasing with time on cardiotomy suction. Previous studies 
showed that the combination of air exposure and negative suction causes 
hemolysis. This study describes the effects of both negative pressure and 
air expose independently, and in combination on leukocyte & platelet 
activation and cytokine production in an in vitro model. methods: Fresh 
blood (20 mL) was drawn from 13 healthy donor into3.2% citrated tubes 
and then divided into 4 tubes to be tested in different conditions using 
a test chamber made from a 50 mL polypropylene tube, vacuum pump 
and gas flow meter. Test conditions were grouped as following: A: con-
trol; B: negative pressure at -600 mmHg, 10 min; C: 100 ml/min, air 
exposure, 10 min; D: combined negative pressure and air flow, 10 min. 
Samples were studied via flow cytometry. Leukocyte CD11b was mea-
sured on granulocytes & monocytes; platelet p-selectin was measured on 
platelet. Inflammatory cytokines were determined using a fluorescence 
assay for IL-8, IL-6 and TNF.  Results: Results expressed as % change 
when compared to A:100. There was no change in the number of cells or 
platelets. Granulocytes were activated in C:256±25 and D:223±28, but 
not in B:99±11. Similar results were found with monocytes. There was 
no platelet activation in groups B:93±5, C:125±13 or D:109±10. IL-8 
was increased in D:186±17, while no changes observed on other cytok-
ines. conclusion: Granulocyte & monocytes were activated by excessive 
air exposure, but not by negative pressure. This suggests that the inflam-
matory response during CPB is related to excess air exposure and could 
be decreased by minimizing it.

PeRiPheRAl extRAcoRPoReAl membRANe oxygeNAtioN sys-
tem As sAlvAge tReAtmeNt of PAtieNts with RefRActoRy 
cARdiogeNic shock
Antonio Loforte, Andrea Montalto, Federico Ranocchi, Paola Lilla 
Della Monica, Angela Lappa, Carlo Contento, Francesco Musumeci. 
Department of Cardiac Surgery and Transplantation, S Camillo Hospital, 
Rome, Europe, Italy.

background: The novel Permanent Life Support-PLS (Maquet, Jostra 
Medizintechnik AG, Hirrlingen,Germany) as peripheral veno-arterial 
extracorporeal membrane oxygenation (ECMO) support system has been 
investigated as treatment for patients with refractory cardiogenic shock 
(CS). methods: Between 2007 and 2011, 73 consecutive adult patients 
were supported on peripheral PLS ECMO system, at our institution 
(55 men;age 60.3±11.6 years,range:23-84 years). Indications for sup-
port were failure to wean fron cardiopulmonary bypass in the setting of 
postcardiotomy (n=50) and primary donor graft failure (n=8), post-acute 
myocardial infarction CS (n=12) and CS on chronic heart failure (n=3). 
Results: Mean support time was 10.9±7.6 days (range:2-34 days). Over-
all 26 (35.6%) patients died on ECMO. Among survivors on ECMO, 44 
(60.2%) patients were successfully weaned from support and 3 (4.1%) 
were switched to a mid-long-term ventricular assist device. Thirty-three 
(45.2%) were successfully discharged. By comparing survivors with non-
survivors on ECMO, stepwise logistic regression identified blood lactate 
level and CK-MB relative index at 72 h after ECMO initiation, and num-
ber of packed red blood cells (PRBCs) transfused on ECMO as significant 
predictors of mortality on ECMO [p=0.011, odds ratio(OR)=2.48; 95% 
confidence interval (CI)=1.11-3.12; p=0.012, OR=2.81, 95% CI=1.026-
2.531;and p=0.012, OR=1.94; 95% CI=1.02-5.21;respectively]. con-
clusions: Patients with an initial poor hemodynamic status could benefit 
by rapid peripheral istallation of PLS ECMO. The blood lactate level, 
CK-MB relative index and PRBCs transfused should be strictly monitored 
during ECMO support.

AlteRNAtioN of lv PReloAd by coNtiNuous-flow lvAd 
with NAtive heARt loAd coNtRol system (Nhlcs) iN 
chRoNic heARt fAiluRe model
Mamoru Arakawa,1,2 Yoshiaki Takewa,1 Takashi Nishimura,3 Akihide 
Umeki,3 Masahiko Ando,3 Yuichiro Kishimoto,1 Shunei Kyo,3 Hideo 
Adachi,2 Eisuke Tatsumi.1 1Department of Artificial Organs, National 
Cerebral and Cardiovascular Center, Suita, Osaka, Japan; 2Department of 
Cardiovascular Surgery, Jichi Medical University, Saitama Medical Center, 
Saitama, Japan; 3Department of Cardiothoracic Surgery, The University 
of Tokyo, Bunkyo-ku, Tokyo, Japan.

background: Previously, we have developed a novel pump control 
system in a continuous-flow LVAD, EVAHEART (Sun Medical Technol-
ogy Research Corp.), and demonstrated that we can change the LV load 
such as LV end-diastolic volume, pressure and myocardial oxygen con-
sumption by changing its rotational speed (RS) in synchronization with 
the cardiac cycle. In this study, we assessed this system installation for 
chronic heart failure (CHF) models. methods: CHF was introduced in 
6 adult goats (59.0 ± 3.8 kg) by coronary microsphere embolization 
(50µm, 0.265 ± 0.017million) to the left ascending artery and sub-
sequent rapid ventricular pacing. Three goats survived and developed 
CHF successfully, showing decreased ejection fraction (from 92.3± 4.0 
% to 47.7± 3.2 %) and cardiac output (from 5.7 ± 1.2 to 4.0 ± 0.1 L/
min). Then, the EVAHEART was installed via left thoracotomy and effects 
of different 3 modes, Continuous (constant RS), Diastolic Assist Mode 
(increase RS in diastole) and Systolic Assist Mode (increase RS in systole) 
were examined.  Results: As the results, there was a trend that the ratio 
of LV end-diastolic volume (0% Bypass = 100%) was decreased in Dia-
stolic Assist Mode (75.2 ± 10.1%) and increased in Systolic Assist Mode 
(92.1 ± 12.9%) as compared with Continuous Mode (80.6 ± 10.7%) at 
the full bypass.  conclusions: The NHLCS has a provability to control 
the LV preload actively by changing the RS of continuous-flow LVAD 
in synchronization with cardiac cycle, providing the most favorable LV 
load dor the recovery of the native heart.
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imPoRtANce of liNquistic detAils iN messAges foR the 
sAfety of vAds
Heinrich Schima,1,2,3 Zeno Deckert,2 Johann Horvat,2 Farsad Eskandary,2 
Stephane Mahr,2 Daniel Zimpfer.2 1Center of Med. Phys. and Biomed. 
Res, Med. Uni. Vienna, Austria; 2Dept. of Cardiac Surgery, Med. Univ. 
Vienna, Austria; 3Cluster for Cardiovasc. Res., Ludwig-Boltzmann-Society, 
Vienna, Austria.

To solve VAD controller-alarms also by non-experienced bystanders, 
it has been proven, that display messages on the controller can signifi-
cantly improve the proper reaction (Geidl et al. Artif Org 2011). How-
ever, recently we experienced, that in spite of a controller with alarm 
texts an accidential pump cable disconnection could be only solved 
after receiving assistance of the VAD-coordinator. To clarify the reasons, 
we mimicked this situation in a mock setting and tested the reaction 
with different translations of the initial message. methods: A test setup 
with Heartware-pump, controller and mock circulation was used. The 
pump was disconnected, the pump cable hidden as in the event beneath 
a blanket. Laypersons were asked to solve the situation, starting with 
the original translations of “Pump stopped”-“Pumpe gestoppt” and 
“Connect driveline” -“Verbindungskabel anschl.”. If persons could not 
solve the situation, a different translation was offered: “Pumpe steht” 
resp. “Pumpenkabel anschließen”.  Results: All 5 test persons could not 
solve the situation with the original translation within a given time of 
3 minutes. After offering the modified translation, all persons solved 
the problem within 30 seconds (p<0.05). conclusion: Even small lin-
quistic differences (In this case: Passive vs. intransitive wording, clearer 
discrimination between cable types) can lead to critical differences in 
the usability and thereby safety of VAD-peripherals. Detailed discussions 
with professional translaters and/or practical tests of failure scenarios 
with laypersons may optimize the usability.

coNtiNuous moNitoRiNg of heARt RAte ANd its vARiAbil-
ity iN RotARy blood PumP ReciPieNts
Francesco Moscato,1,3 Marcus Granegger,1,3 Michael Edelmayer,1,3 Daniel 
Zimpfer,2 Georg Wieselthaler,2 Heinrich Schima.1,2,3 1Center for Medical 
Physics and Biomedical Engineering, Medical University of Vienna; 
2Department of Cardiac Surgery, Medical University of Vienna; 3Ludwig 
Boltzmann Cluster for Cardiovascular Research, Vienna.

Heart rate variability (HRV) has been proven to be a quantitative 
marker of autonomic activity during rotary blood pump (RBP) assistance. 
Also, a certain rise in the incidence of ventricular tachycardia has been 
observed after RBP placement. Therefore, a continuous monitoring of the 
heart rate (HR) and HRV would be helpful for therapeutic optimization. 
A method was developed to estimate HR and HRV from the pump flow 
signal only and results were compared to the ECG. 142 data-sets each 
of five minutes duration from 10 RBP recipients were analyzed (74 at 
the ICU, 48 at the normal ward and 20 during catheter-spiroergometry). 
Classical HRV parameters such as the standard deviation of the NN 
intervals (SDNN), the root mean square of the difference of successive 
intervals (RMSSD), the triangular index (TI), as well as the occurrence of 
arrhythmic patterns were evaluated. Medians and inter-quartile ranges 
were: HR: 98.8(89.6-117.1) bpm; SDNN: 17.9(7.1-38.1) ms; RMSSD: 
11.9(8-42) ms; TI: 22.4(17-42.2) ms. Bland-Altman analysis showed 
accordance between pump flow and ECG derived parameters (mean±SD 
of the difference in HR –0.3 ±0.8 bpm; SSDN 1±4 ms; RMSSD 3±7 ms; 
TI 6±12 ms). Ventricular tachycardia, atrial fibrillation and extra-systolic 
beats could be detected from the flow signal reliably. The HR estima-
tion accuracy from the pump flow was not influenced by hemodynamic 
changes due to pump speed variations, exercise or Valsalva maneuvers. 
Results showed that the HR, HRV and the occurrence of arrhythmia can 
be all monitored from the pump flow signal only. The proposed method 
can provide the physician a continuous feedback about the heart rhythm 
for both therapeutic adjustment and optimization.

siNgle ceNteR exPeRieNce with RiNg thRombus foRmAtioN 
oN iNlet beARiNg with AxiAl flow left veNtRiculAR Assist 
device
Mark S Slaughter,1,2 Michael A Sobieski,1,2 Sara Townsend,2 Kelly C 
McCants,1,2 Emma J Birks.1,2 1Division of Thoracic and Cardivascular 
Surgery, University of Louisville, KY; 2Center for Advanced Heart Failure 
and Thoracic Transplantation, Jewish Hospital, Louisville, KY.

Next-generation continuous flow left ventricular assist devices have 
significantly improved patient outcomes. In particular, the incidence 
of adverse events appears to be significantly reduced compared to first 
generation pulsatile devices. Pump thrombosis continue to occur, how-
ever, and is well documented in the literature. The thrombi reported with 
next-generation devices have generally been partial thromboses associ-
ated with significant abnormalities in the system performance data as 
displayed on the system monitor and hemolysis. We describe a series 
of ring thrombus formations (Figure1) on the inflow bearing and inflow 
stator of the Heartmate II axial flow pump (Thoratec Corporation, Pleas-
anton, CA) and the retrospective analysis of anti-coagulation and anti-
platelet management.

iNvestigAtioN of left Right flow bAlANciNg APPRoAches 
of the ReiNheARt totAl ARtificiAl heARt
Marco Laumen, Elena Cuenca, Thomas Finocchiaro, Kristin Kuipers, 
Christina Egger, Thomas Schmitz-Rode, Ulrich Steinseifer. Department 
of Cardiovascular Engineering, Institute of Applied Medical Engineering, 
RWTH Aachen University, Aachen, Germany.

Purpose: The ReinHeart Total Artificial Heart (TAH) is a double cham-
ber diaphragm pump with a linear magnetic drive. Two pusher plates 
eject alternately blood out of the chambers. The left and right ventric-
ular outflows have to be balanced. Particularly, higher left outflow is 
required because of the Bronchial Shunt Flow (BSF). In this study dif-
ferent approaches to achieve left right flow balance were investigated 
in-vitro and in-vivo. methods: Two experiments were executed in an 
actively controlled mock loop. In the first experiment, the BSF was mea-
sured while the pressures were set to physiological values. In the sec-
ond experiment, the BSF was set to a constant level and the left atrial 
pressure and central venous pressure, representing the inlet and outlet 
pressures, respectively, were compared. Four different approaches were 
tested: 1) varying diastole-systole time ratio to affect filling volume, 2) 
reducing the right pusher plate size to increase diaphragm elongation, 
3) offsetting the right pump chamber to reduce stroke volume, and 4) 
varying the pressure in the Compliance Chamber (CC) to control the 
filling pressure gradient. Additionally these approaches were tested in 
two calves for 5 hours.  Results: All approaches influence flow balance 
significantly: a diastole-systole time duration of 50% provides highest 
BSF. Offsetting the right chamber increases the BSF by 100mL/min per 
mm and a minimization of the right pusher plate further increases the 
BSF by 200mL/min. The pressure in the CC was used to control the fill-
ing pressure gradient and thus the filling volume. This mechanism was 
validated in-vivo; however, the appropriate CC pressure was lower than 
in the in-vitro tests.
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elAstANce-dRiveN mock ciRcuit coNtRolled with vARi-
Able ARteRiAl cAPAcitANce ANd ResistANce
EG Eken, S Seker, EM Sezer, KA Kadipasaoglu. Biomedical Engineering, 
Bahcesehir University, Besiktas, Istanbul, Turkey.

Passive arterial elastance during diastole may be difficult to simulate 
in a mock circuit (MC) due to volume-dependent resistive properties of 
compliance vessels. We constructed a feedback control algorithm in 
Simulink, which we implemented using D-Space to drive an 8-chamber 
physical MC formed of closed acrylic reservoirs of area A filled with 
pressurized air above a water column of height h. Air pressure in ven-
tricular reservoirs was dictated by a time-varying activation function 
and regulated via microprocessor-controlled pneumatic valves. Aortic 
and pulmonary arterial resistances [R(h)] during diastole were com-
puted numerically using capacitive decay characteristics of an RC cir-
cuit analogue, dR/dh = [d2h/dt2 + A/(dP/dh)*(1/R)] * (AR2/P); where total 
reservoir pressure P = gh + /(H-h) - Patm, and the work parameter  
determines reservoir geometry (height H) and initial air-water pressure 
ratio therein. The proportional control algorithm used the diameter of 
and flow through aortic reservoir outlet pipe as control and feedback 
variables, respectively. Ventricular and arterial pressures were satisfacto-
rily maintained within desired physiologic range during normal (resting, 
exercise) and pathological (systolic/diastolic LV failure) physiologies. The 
MC is intended for testing the performance of new LVAD prototypes and 
for control of LVAD operation.

PlAtelet fuNctioN iN cARdioPulmoNARy byPAss by 
multiPlAte®
Hiromu Kehara, Tamaki Takano, Taishi Fujii, Noburo Ohashi, Kazunori 
Komatsu, Takamitsu Terasaki, Yuko Wada, Tatsuichiro Seto, Daisuke 
Fukui, Jun Amano. Shinshu University School of Medicine.

Purpose: Platelet function in Cardiopulmonary bypass (CPB) is still 
unclear although some papers reported that platelet function decreased 
after cardiopulmonary bypass (CPB). The aim of this study was to evalu-
ate changes in platelet function in CPB by Multiplate®. methods: We 
investigated 12 patients who underwent coronary artery bypass grafting 
(5), valve plasty and replacement (6) and cardiac tumor resection (1). 
Platelet function analysis was performed using the Multiplate® (Dyna-
byte). Platelet aggregation was initiated by adenosine diphosphate (ADP 
test), arachidonic acid (ASPI test), and thrombin receptor–activating 
peptide (TRAP-6, TRAP test). We measured platelet function before 
operation (A), at heparin infusion (B), 30 minutes after CPB starts (C), 
at aorta de-clamp (D), after discontinuation of CPB (E), after protamine 
infusion (F), at intensive care unit arrival (G), and post-operative day 
1 (H). Data were compared with before operation. Results: Mean age 
was 65.8±10.2years. ADP test was 74.8±16.6 AUC, and ASPI test was 
84.6±29.4 AUC, and TRAP test was 120.6±26.6 AUC before operation. 
The ADP test was significantly lower at C, D, E, F, G, and H. The ASPI test 
significantly decreased at B, C, D, and recovered from E. The TRAP test 
was significantly decreased at C. The TRAP test was significantly higher 
at D, E and H. conclusions: The platelet function by Multiplate® most 
greatly decreased after 30min after CPB starts. The platelet function didn’t 
continuously decrease with CPB time. It was suggested that decrease in 
platelet function mainly caused by contact with foreign materials and 
fluid just after starting CPB.

the fiRst tuRkish AxiAl-flow: iNitiAl desigN ANd NumeRic 
ANAlysis
K Toptop, KA Kadipasaoglu. Biomedical Engineering, Bahcesehir 
University, Besiktas, Istanbul, Turkey.

The design, production, testing, and commercialization of LVADs in 
developing countries is a medical, technological, scientific and eco-
nomic imperative. We present the virtual design characteristics and per-
formance test results of the first Turkish axial-flow LVAD. The patented 
rotor design includes a central flow channel carved inside the main 
block, which carries permanent magnets. A concentric gap between 
rotor block and stator minimizes the distance between rotor and stator 
magnets (thus improving electromagnetic efficiency) and serves as a sec-
ond blood pathway (thus augmenting forward flow). Dual sets of 3 heli-
cal blades each, placed on the rotor shaft and on the external surface of 
the rotor block, ensure unidirectionality of the flow. Initial pump dimen-
sions are as shown. Torque coefficient (Kb), calculated as 0.11 N-m/Amp, 
was not significantly affected from gap thickness. A mesh size between 
0.1 mm to 0.8 mm was used with 8.8 million elements in ANSYS to test 
flow patterns and shear stresses at 9550 rpm and 11000 rpm. Hemody-
namic and electromagnetic efficiencies of the initial pump design were 
satisfactory. Iterations continue to minimize whirl at diffuser exit. PIV 
studies will be conducted on the optimized design.

simulAtioN of cARdiovAsculAR coNditioNs ANd cRiticAl 
eveNts iN A fully AutomAted mock ciRculAtoRy looP.
Charles E Taylor, Graham S Kelly, Stephen J Warren, Gerald E 
Miller. Biomedical Engineering, Virginia Commonwealth University, 
Richmond, VA.

Accurate simulation of cardiovascular dynamics through the use of a 
mock circulatory loop (MCL) is integral to the evaluation of ventricular assist 
devices and valves. A systemic MCL has been constructed that is capable 
of simulating a wide range of cardiac conditions and dynamics that can 
be crucial for investigating device performance. Each device in the mock 

loop is controlled via 
a microprocessor and 
USB enabled. Figure 1 
shows two points in a 
simulation where set 
points were changed for 
each device in the MCL, 
with each unit’s control-
lers quickly adapting 
to the new set points. 
Figure 2 illustrates the 
compliance chambers 
ability to maintain com-
pliance on a set point 
curve (red), pressure-
volume (PV) relationship 
(blue), and compliance 
determinations for the 

diastolic and systolic 
portions of the PV curves 
(green). This unit is capa-
ble of executing compli-
ance changes in runtime, 
with set point control to a 
curve. Simulation results 
from normal and patho-
logical states will be pre-
sented with a focus on 
compliance.
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efficAcy of miNiAtuRized imAcoR tRANs-esoPhAgeAl 
echocARdiogRAm (tee) PRobe iN mechANicAl ciRculAtoRy 
suPPoRt
Christopher Y Kang, Caitlyn M Johnson, Harrison Pitcher, Hitoshi Hirose, 
Nicholas C Cavarocchi. Cardiothoracic Surgery, Thomas Jefferson 
University Hospital, Philadelphia, PA.

Ventricular assist devices (VAD) and extracorporeal membrane oxy-
genator (ECMO) are utilized in cardiac surgical care units to provide 
mechanical circulatory support. The hTEE probe (ImaCor) allows real 

time visualization of cardiac function. It can 
immediately reveal the effect of changes in 
support, diagnose the cause of hemodynamic 
instability, and more definitively determine 
the need and timing for operative interven-
tion. methods: A retrospective review of 
23 patients in which the hTEE probe was 
used. Patients were divided into one of three 
groups; LVAD; ECMO; Post-Cardiac Surgery. 

Post cardiac surgery patients include those status post coronary artery 
bypass grafting, valve replacements, and heart transplants. Results: The 
results of using the hTEE probe in LVAD, ECMO patients are shown. 
conclusions: From our experience, the hTEE probe is a cost saving, read-
ily accessible point of care device that directs clinical management of 
patients with artificial devices and can determine the need for alterations 
in therapy.

seRiAl Right veNtRiculAR evAluAtioN AfteR lvAd imPlANtA-
tioN. imPlicAtioNs foR cANdidAte selectioN ANd left veN-
tRiculAR RecoveRy
Dan D Le, Jose A Tallaj, Salpy V Pamboukian, Melissa C Smallfield, 
Deepak Acharya, Robert C Bourge, Sumanth D Prabhu, William L 
Holman, James K Kirklin, Martin Cadeiras. Cardiovascular Disease, 
University of Alabama-Birmingham, Birmingham, AL.

background: Right ventricular (RV) function is a major predictor of 
outcomes before and after MCSD. Understanding RV dynamics short- 
and long-term after MCSD is key to guide selection and management 
of MCSD candidates and recipients. We hypothesized that the RV is 
resilient and a biomarker of left ventricular (LV) recovery. method: We 
conducted a retrospective study in 20 patients (age 53±16 years, 80% 
male) who received HeartMate II™ MCSD in a single center. Patients 
were followed with serial TTE for at least 1-year. RV and LV function 
were evaluated at baseline, 1-6, 6-12, and 12-24 months. Repeated 
measures and regression analysis were used to evaluate functional RV 
and LV recovery.  Results: RV improved early after MCSD and predicted 

recovery of LV function. 
LVEF was 22.6±11 
at baseline, 26.9±10 
at 82 days (median), 
31.2±12 at 241 days 
and 36.4±12% at 544 
days (p<0.001). RVEF 
was 27.15±11.5%, 
3 5 . 2 8 ± 1 1 . 5 % , 
39.6±11.3% and 
43.7±9.5% respectively 
(p <0.001). Limited by 
sample size, regression 
analysis showed LV 
function only predicted 

by RV recovery. conclusion: Prediction of RV and LV recovery is impor-
tant to set goals of advanced heart failure therapies. RV had very high 
potential of recovery and predicted LV recovery. Novel methods such 
as genetic or molecular profiling could best perform to predict RV and 
LV recovery.

cAN thRomboelAstogRAPhy (teg) PRedict gAstRoiNtesti-
NAl bleediNg iN PAtieNts with coNtiNuous flow PumPs?
Homam Ibrahim, Arvind Bhimaraj, Drew Hall, Jerry D Estep, Guillermo 
Torre-Amione, Brian Bruckner, Matthias Loebe. The Methodist Hospital, 
Houston, TX.

Purpose: GIB is common in patients with continuous flow left ven-
tricular assist devices (LVAD). While Warfarin affects TEG, little is known 
about it’s predictive ability for bleeding in these patients. methods: Con-
tinuous flow LVAD implants from January 2008 through October 2011 
were reviewed. It is our practice to collect TEG values at monthly inter-
vals. GI bleeding was defined as a decrease of hemoglobin of at least 
1g/dl and evidence of angiodysplasia or AVM’s on upper or lower GI 
endoscopy. 31 TEGs for bleeders and 69 for non bleeders were analyzed. 
A comparison of different components of TEG and standard hematologi-
cal clotting parameters between the 2 groups was performed using a two 
sided t-test. An ROC curve was constructed for the significant variable. 
 Results: Of 131 patients screened, 11 were bleeders. There was no sig-
nificant difference between bleeders and non bleeders in regard to INR 
(1.7 vs 1.9 respectively, P= 0.3), Platelet count (198 vs 227 p= 0.08), R 
time (7.1 vs 7.8 p=0.07), K time (1.7 vs. 1.6 p=0.4) or  angle (68 vs 67 
p=0.5). Maximum amplitude(MA) however, was significantly decreased 
in the bleeding compared to the non-bleeding group (63 vs 68 P=0.01). 
An ROC analysis revealed a value of 65.0 to have 76% sensitivity and 
15% specificity. Routine coagulation parameters might not be sufficient 
to monitor risk of GI bleeding in LVAD patients. MA was the most accu-
rate lab parameter to predict bleeding. Tailoring anticoagulation with 
TEG parameters in LVAD patients needs to be prospectively studied.

fiRst-time flow visuAlizAtioN of tRANscAtheteR AoRtic 
vAlve-iN-vAlve
Ahmad Falahatpisheh,1,2 Jimmy L Su,2,3 S Hamed Alavi,2,3 Arash 
Kheradvar.1,2,3 1Mechanical and Aerospace Engineering Department, 
University of California, Irvine; 2Edwards Lifesciences Center for 
Advanced Cardiovascular Technology, Irvine; 3Biomedical Engineering 
Department, University of California, Irvine.

introduction: Assessment of trans-aortic flow in vitro is crucial to eval-
uate the performance of Transcatheter Aortic Valves (TAVIs). The leaflet 
deformation during valve-in-valve implantation can significantly affect 
the flow field downstream the new valve. The laminarity of flow and 
flow behavior in sinuses of Valsalva are also indicators of implantation 
outcome. This study is focused on quantitative assessment of trans-aortic 
flow downstream of a TAVI implanted in another bioprosthetic valve. 
methods: A TAVI was implanted inside a 29mm porcine valve in aortic 
position of a model of left ventricle in a heart-flow simulator. Velocity 
field passing through the axis of the TAVI was quantified using particle 
image Velocimetry at 1kHz. Laminarity, and particle residence time 

were defined based on 
the obtained velocity 
field. Results: The data 
illustrates laminarity of 
the flow during systole 
(Figure 1). Additionally, 
flow passing the TAVI 
generates two oppo-
site sign vortices in the 
sinuses of Valsalva adja-
cent to the wall and stays 
undisturbed downstream 
the valve. conclusions: 
Flow visualization in 
vitro indicates a success-

ful implantation of a TAVI in valve. Particle residence time data reports a 
well-circulated flow having no stagnation zones.
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iNtRA-cARdiAc cycle oPtimizAtioN of PoweR tRANsfeR 
efficieNcy iN A Novel iNtRA-AoRtic ciRculAtoRy suPPoRt 
device
Jason J Heuring,1 Michael P Cuchiara,1 Benjamin A Hertzog,1 Reynolds 
M Delgado.2 1Procyrion, Inc., Houston, TX; 2Texas Heart Institute, 
Houston, TX.

Purpose: We developed tools and techniques to measure and opti-
mize instantaneous motor-to-hydraulic power transfer efficiency in a 
novel intra-aortic micro-axial entrainment pump for long-term partial 
circulatory support (PCS). The pump sits in the thoracic aorta and occu-
pies about 10% of the vessel cross-section. Total flow depends on pul-
satile native flow around the device and the entrainment of native flow 
by the device output jets and is influenced by pump impeller design and 
outflow nozzle configuration/location. Observing and optimizing these 
dynamics within a cardiac cycle requires instantaneous measurements. 
methods: Instantaneous motor electric power and developed hydraulic 
power (pump output to isolate impeller design and total flow to include 
entrainment effects) were measured across varying impeller designs, 
outflow configurations and pump geometries. Pump modulation within 
the cardiac cycle (with and without flow feedback) was also explored. 
 Results: Relationships within the cardiac cycle between design factors, 
pump modulation and total flow/efficiency in a novel PCS paradigm 
with pulsatile native flow were characterized. Measured power transfer 
efficiency can vary dramatically across the cardiac cycle and instanta-
neous measurement is important in optimizing flow/efficiency. Results 
suggest meeting certain geometric constraints and modulating applied 
power in sync with native flow during the cardiac cycle are vital to this 
optimization.

the PhysiologicAl effects of the ARtificiAl PumP-luNg 
device iN AN oviNe model
Xufeng Wei, Giacomo Bianchi, HoSung Son, Pablo G Sanchez, Tieluo Li, 
Tao Zhang, Shuqun Niu, Zhongjun J Wu, Bartley P Griffith. Department 
of Surgery, University of Maryland, Baltimore, MD.

background: A novel wearable artificial pump-lung (APL) device has 
been developed with excellent performance and biocompability. Given 
concern that this device has more complicated consequences of gas 
exchange, acute and chronic physiological effects of the APL device 
were investigated in an ovine animal model. methods: The APL device 
was implanted in 5 adult Dorsett hybrid sheep. The device was surgically 
connected between the right atrium and pulmonary artery. Oxygen with 
5% CO2 was used as sweep gas. The hemodynamic and mechanical 
unloading effects in the right ventricle were measured at different pump 
flows. The blood gas analysis and biochemistry were studied for 30 days. 
 Results: During implantation, pump flow increased from 0.93±0.20 to 
3.21±0.14 as pump speed was increased from 3000 rpm to 6000 rpm, 
while mean arterial blood pressure, central venous pressure, and pulmo-
nary artery pressure did not significantly change. The right ventricle was 
unloaded by the device and totally collapsed under high pump speeds. 
Over 30 days, average pump flow was 2.88±0.04 Liter/min. The blood 
was fully oxygenated through the device without alteration of the PCO2. 
The mixed venous oxygen saturation (SvO2), PCO2, and PH remained 
normal. Heart and respiratory rate did not significantly change. Hemodi-
lution was seen during the first week and recovered during the following 
weeks. No acid-base or electrolyte disturbances occurred after recov-
ery from the surgery. conclusion: The APL device connected from the 
right atrium to pulmonary artery can provide respiratory support, as well 
as mechanical circulatory support to the failing right heart. No adverse 
physiological effects were found in the long-term study.

effect of coNcomitANt sPeed iNcReAse with exeRcise oN 
iNvAsively meAsuRed hAemodyNAmics iN PAtieNts with 
coNtiNuous flow left veNtRiculAR Assist devices (lvAds)
Kavitha Muthiah,1 Desiree Robson,1 Ross Pritchard,1 Robyn Walker,1 
Peter Macdonald,1 Anne Keogh,1 Eugene Kotlyar,1 Phillip Spratt,2 Kumud 
Dhital,2 Emily Granger,2 Paul Jansz,2 Christopher S Hayward.1 1Cardiac 
Failure and Transplant Unit, St. Vincent’s Hospital, Sydney, NSW, Australia; 
2Cardiothoracic Surgery, St. Vincent’s Hospital, Sydney, NSW, Australia.

background: LVADs improve both functional capacity in patients 
with end-stage heart failure. With exercise at fixed LVAD pump speed, 
pump flow increases, however pulmonary capillary wedge pressure 
(PCWP) also increases, limiting exercise capacity. Whether increasing 
pump speed with exercise ameliorates this is unknown. methods: We 
measured invasive haemodynamics while increasing pump speed with 
supine exercise in 8 stable HeartWare LVAD patients (mean age 44.3 
years, mean 177 days post implant). Continuous cardiac output (CCO), 
mixed venous oxygen saturation (SvO2) and pressures (RA, PCWP, MAP) 
were measured with continuous LVAD flow and echocardiography at 
baseline and with pump speed increments of 80 rpm every 2 minutes up 
to a maximum speed of 320 above baseline. Patients were then exercised 
until limited by fatigue. During exercise, pump speed was increased as 
above.  Results: PCWP decreased with increased pump speed at rest, but 
increased with exercise and remained high despite at max pump speed 
(Table). MAP and LV dimensions did not change significantly. 

conclusion: Increasing pump speed of cen trifugal LVADS is not associated 
with an improvement in invasively measured central haemodynamics.

PoweR ANd telemetRy foR A Novel PARtiAl ciRculAtoRy suP-
PoRt device thRough tRANscutANeous eNeRgy tRANsfeR
Jason J Heuring,1 Michael P Cuchiara,1 Benjamin A Hertzog,1 Reynolds 
M Delgado.2 1Procyrion, Inc., Houston, TX; 2Texas Heart Institute, 
Houston, TX.

Purpose: We validated and characterized the suitability of transcu-
taneous energy transfer (TET) to power a novel intra-aortic micro-axial 
entrainment pump for long-term partial circulatory support. Over a long-
term, indwelling leads represent a high infection risk. A TET system elim-
inates this risk by inductive coupling across the skin. This work answered 
key design questions and characterized operating requirements and 
performance parameters. methods: The TET system comprises a Class-E 
power amplifier with a self-oscillating feedback network and a two-way 
telemetry system. The system autotunes transfer frequency and level to 
optimize efficiency and minimize power consumption. Output current 
and voltage were measured over a range of configurations. System com-
ponents are shown in Fig 1.  Results: The system transferred sufficient 
power over several centimeters and a range of coil orientations to drive 

the pump while 
charging an 
implantable bat-
tery (to allow a 
full range of user 
activity). The TET 
system can trans-
mit various control 
signals and receive 
biological and sys-
tem performance 
data. The latter are 
used to optimize 
transfer frequency 
and power. This 
study shows the 

TET system may be suitable for long term use under practical real world 
constraints. Design and performance should allow for a high quality-of-
life for users in everyday situations.

Table 1.

Results Baseline Max Speed
Exercise+Baseline 

Speed
Exercise+Max 

Speed p

Speed (RPM) 2686+/-113 2983+/-141 2686+/-113 2896+/-174 0.001
Pump Flow (L/min) 5.2+/-1.0 5.8+/-1.2 6.0+/-1.1 7.0+/-1.2 0.001
RA 8+/-4 8+/-4 16+/-6 19+/-6 0.001
PCWP 13+/-3 8+/-4 22+/-6 23+/-3 0.001
SVO2 64+/-8 61+/-24 43+/-14 26+/-8 0.001

*p, repeated measures ANOVA 
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out with the old ANd iN with the New: A New AlgoRithm 
foR tReAtmeNt of gi bleediNg iN vAd PAtieNts
Konrad Sarosiek, Linda Bogar, Hitoshe Hiroshe, Pitcher Harrison, 
Barbara Ebert, Nicholas Cavarocchi. Cardiothoracic Surgery, Thomas 
Jefferson University, Philadelphia, PA.

Conventional bleeding algorithms to diagnose and treat GIB in 
patients (pts) with non-pulsatile ventricular assist devices (NP-VAD) can 
take days while pts are repeatedly transfused and incur additional hospi-
tal costs. We reviewed our experience of GIB in VAD pts and now pres-
ent a new algorithm based on Deep Bowel Enteroscopy (DBE) to speed 
diagnosis/treatment. DBE is a new technology that allows clinicians to 
see and endoscopically treat GIB up to 400cm beyond the Ligament 
of Treitz. 62 pts received a NP-VAD and were reviewed for episodes 
of GIB. GIB was defined as heme-positive stool or hematemeisis, and 
a drop in Hgb>1gm. 14 pts experienced 45 episodes of GIB of which 
37(82%) were in the upper GI tract and 97% were bleeding from AVM. 
We created 3 groups: Group A in which no diagnosis was made and 
DBE was not done yet 73% experienced rebleeding; Group B in which 
multiple diagnostic modalities were used and resulted in DBE being per-
formed for treatment; and Group C in which DBE was done on initial 
presentation resulting in 100% treatment. *9 episodes (not included) 
were diagnosed/treated with upper endoscopy which is done at the same 
time as DBE. As technology changes, so should our approach to treat-
ment; conventional methods of managing GIB in VAD pts must change. 
Our algorithm calls for performing DBE upon initial presentation prior to 
standard imaging studies to promptly identify and treat GIB thus limiting 
the number of transfusions, procedures, and overall hospital costs.

sAfe dose study of the iNtRAvAsculAR iNfusioN of A PeR-
fluoRocARboN bAsed oxygeN cARRieR iN A swiNe model
Daniel Ortiz,1 Juan D Perez,1,2 Sergio D Galvis,1 Diana M Vasquez,1 
Camila I Castro,1 Juan C Briceño.1,2 1Biomedical Engineering, Universidad 
de los Andes, Bogotá, Colombia; 2Fundación Cardioinfantil - Instituto de 
Cardiología, Bogotá, Colombia.

We are developing a new perfluorocarbon based oxygen carrier 
(PFCOC). The aim of this study was to establish the safe dose and sec-
ondary effects of its intravascular use in a swine model. The PFCOC was 
infused intravenously at a rate of 10 ml/min to 12 healthy swine (16kg) 
in three doses:1.5 (n=4), 3.0 (n=4) and 4.5 gPFC/kg (n=4). PFCOC was 
prepared the same day of the infusion. Blood samples were taken before 
infusion, every hour for 6 hours, and daily for a week after infusion. 
Analysis included: renal function (creatinine, BUN), hepatic function 
(ALAT, ASAT), immune response (C3, C4), inflammatory markers (com-
plete blood count) and coagulation disorders (D dimer, PT, PTT). Clinical 
symptoms and behavior were evaluated daily. Animals were euthanized 
at day 7 and macroscopic and histopathologic examination of brain, 
liver, kidneys, spleen and lungs was performed. All animals completed 
the protocol. No signs of hepatic, renal, immune or coagulation disor-
ders were evidenced at any PFC dose. Complete blood count showed 
transient thrombocytopenia with a peak of 67% of baseline at day 3 
independent of dose. Clinical evaluation showed transitory skin rash 
immediate to infusion with no signs of discomfort or symptoms of any 
kind. Histopathologic evaluation showed granuloma in the lung with 
oil-like formations, widening of alveolar septum, evidence of cerebral 
hypoxia in all subjects and small bleeding in the kidney in 2.These com-
plications were not evident during clinical evaluation. In conclusion, 
the animals tolerated PFCOC at the set doses. Despite the overall results 
agree with previous safety studies of PFCOCs the safe dose could not be 
determined in the present study.

Results with AN ANticoAgulAtioN PRotocol iN 99 totAl 
ARtificiAl heARt ReciPieNts
Jack G Copeland,1 Hannah Copeland,1 Paul Nolan,2 Richard Smith.2 
1Surgery, UC San Diego, CA; 2Artificial Heart, University of Arizona, 
Tucson, AZ.

background: 1000 SynCardia total artificial hearts have been 
implanted, yet there is no agreement on preventing bleeding and stroke. 
methods: Our protocol from 1994 to 2010: Immediately post-implanta-
tion: dipyridamole 100 mg per NG q 6 h and pentoxyfylline 800 mg per 
NG q 8 h. Heparin started when chest tube bleeding was < 30 ml/h at 
500 units per hour and adjusted to keep the patient normocoagulable by 
coagulation index on thromboelastography (TEG). Aspirin 81 mg po qd 
once the platelet count exceeded 149,000 and, using platelet aggrega-
tion studies to confirm effect. Warfarin substituted for heparin only after 
liver function returned to normal.  Results: 99 patients were implanted for 
87± 95 days/pt (23.6 patient years). There were: 8 strokes diagnosed by 
CT head scan (incidence 0.3 strokes per patient year). Five of the eight 
strokes occurred in the first post-implant week. The remaining 3 were 
during a support period of 21.7 years for an incidence of 0.14 strokes 
per patient year. 7 other events included: 3 with incidental lesions on CT 
scan, 1 with TIAs, 1 with a contusion, 1 with air embolism, and 1 with 
pre-implant ischemic damage. There were 25 (25%) mediastinal explo-
rations for post-implantation bleeding. Nearly all (23/25) were within 
7days after implantation.  conclusions: Once thromboelastograpy, plate-
let aggregation studies and anticoagulant and antiaggregant therapies 
were instituted after the first post operative week, strokes and bleeding 
were rare events (0.14 strokes/pt/year). We believe this data supports the 
concept of our multi-drug anticoagulation protocol based upon throm-
boelastography and evaluation of platelet function.

PulsAtile cARdioPulmoNARy byPAss AugmeNts hemo-
dyNAmic eNeRgy comPARAble to thAt of the NAtive 
ciRculAtioN
Ricardo A Bello, Ilya Trusov, Wunimenghe Oriyanhan, Steven J Forest, 
Marino Flores, Trace Baker, Gerardo Moreno, Samuel Weinstein. 
Cardiovascular and Thoracic Surgery, Montefiore Medical Center, Bronx, 
NY.

The benefits of pulsatile CPB vs. continuous flow CPB remain con-
troversial. We evaluated surplus hemodynamic energy (SHE) delivered 
by an EKG-triggerred pulsatile pump in a swine model. Aorto-atrial can-
nulation was performed through a median sternotomy in 11 pigs. Heart 
rates were 84-144 bpm. Flow measurements in the descending aorta 
(DA), left carotid (LC) and right coronary artery (RCA) were recorded 
pre-bypass (PB), and then during centrifugal non-pulsatile (CNP), roller 
non-pulsatile (RNP), centrifugal pulsatile (CP), and roller pulsatile bypass 
(RP). The pump was EKG-triggered at 1:1 and 1:2. SHE was computed 
using previously described methods. A linear mixed model analysis was 
used to compare differences in SHE between the modalities. Due to 
wide variability in the heart rate, SHE was normalized and thus values 
shown are per beat. RP bypass 1:2, when compared to 1:1, produced 
a significant increase in SHE in the DA and LC (1096±533, p=0.01; 
524±401, p=0.03) that approximated PB values. In contrast to CNP 
bypass (DA: 16±16 erg/cm3, LC: 14±20 erg/cm3), each pulse of CP and 
RP produced small but significant increases in SHE in the DA (223±95, 
p=0.01; 177±83, p=0.01), LC (169±107, p=0.04; 149±72, p=0.01) and 
trended towards significance in the RCA (244±130, p=0.02; 401±340, 
p=0.07). Pulsatile perfusion increases SHE above non-pulsatile bypass, 
but not above that of the native circulation. At 1:2, each pulse achieved 
SHE comparable to the native circulation. The ability to reproduce SHE 
at the level of the native circulation with 1:1 triggering may be depen-
dent on the duration of the pump ejection period.

Table 1.

Results Group A Group B Group C* p value

# of episodes 15 6 7  
DBE performed? Never Late Early  
Ave PRBC (U) 4.1 6.3 1.3 0.001
Days to treatment n/a 5.33 0.4 0.0002
Ave # of tests 2.4 3.5 1.14 0.005
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Right heARt fAiluRe AfteR coNtiNuous flow lvAd imPlANt: 
iNtRAoPeRAtive mANAgemeNt techNiques foR PReveNtioN
Brian A Bruckner, Tadashi Motomura, Raquel Bunge, Wade Fischer, 
Matthias Loebe. Transplant Surgery and Mechanical Assist Devices, The 
Methodist Hospital DeBakey Heart Vascular Center, Houston, TX.

background: Right heart failure (RHF) is a critical issue for surgical 
planning in heart failure patients and new onset of RHF may occur dur-
ing/after LVAD implantation. A significant body of literature has focused 
on RHF risk prediction or stratification for patients undergoing LVAD 
implantation. However, it is equally important to discuss perioperative 
management strategies to prevent RHF. methods: An Institutional INTER-
MACS database was retrospectively reviewed which respresented our 
LVAD population over the past 3 years.  Results: Ninety-three patients 
underwent long-term LVAD implantation either for bridge to transplant 
or destination therapy. Of these, 71 patients received the HeartMate® II 
device (Thoratec Corporation, Pleasanton, CA). Use of a temporary right 
ventricular assist device (in post-operative period) was required follow-
ing surgery for 6 patients (8.5%: 3 BioMedicus, 2 Levtronix CentiMag, 
1 TandemHeart) and 2 of these patients eventually required long term 
RVAD support (Thoratec pVAD). This HeartMate® II group (n=71) was 
routinely supported by temporary right heart assist (10-30 min support 
in OR) immediately after LVAD implantation by using a unique bypass 
circuit (“Berlin Bridge”) created between the PA venting line and the 
venous drainage line. conclusion: Incidence of post-operative RHF was 
relatively low and clinical outcomes were satisfactory in our HeartMate 
II group with only 6 patients requiring post-operative right heart support 
(4/6 cases alive at 30 days). Prophylactic use of the “Berlin Bridge” tem-
porary intra-operative right heart bypass was effective in reducing our 
post-operative incidence of RHF requiring mechanical support.

diRect histoPAthology exAmiNAtioN of loNg-teRm dRug 
elutiNg steNt imPlANts
Aaron W Roberts,1 Maximilian Buja,2 Fred J Clubb.1 1Veterinary 
Pathobiology, Texas AM University, College Station, TX; 2Pathology 
and Laboratory Medicine, University of Texas Health Science Center, 
Houston, TX.

Recent publications questioned the safety of drug eluting stents when 
implanted long term. Clinical testing was limited to abbreviated time 
spans. However, at implant durations >18 months, clinical complications 
were observed with drug eluting stent(DES) implantation in humans. A 
comprehensive and direct method for evaluating autopsy tissue is neces-
sary to validate the questions concerning the long term safety of DES 
implants. Autopsy and transplant specimens were collected from archive 
at the Texas Heart Institute in Houston, TX. Specimens were selected for 
their similar clinical histories and stent designs. The difference between 
the two was a DES vs., a bare metal stent (DES = 6y implant, BMS = 2y). 
Specimens were evaluated using high-resolution micro x-ray, microCT, 
and plastic histology techniques. Significant differences in the healing 
response, tissue composition, and architecture of the neo-intima and 
endothelium were found. Struts in the DES were in poor apposition to 
the vessel wall and the healing response was incomplete. Struts were 
exposed to the lumen of the vessel and a loose, flaxen, neo-intima with 
poor endothelial covering provided sites of active thrombogenesis. 
The BMS contained thicker neo-intima, however the structure of the 
neo-intima and endothelium was consistent with a complete healing 
response. Furthermore, re-stenosis was no greater than 40%. The dif-
ferences shown at an extended implant time imply the need for further 
examination and testing of the safety and efficacy of DES. MicroCT and 
microgrinding techniques examine the structure and nature of the heal-
ing response, endothelial and neo-intimal morphology from autopsy 
specimens.

PRedictoRs of shoRt ANd loNg teRm moRtAlity iN destiNA-
tioN theRAPy PAtieNts oveR Age 60 uNdeRgoiNg hmii lvAd 
PlAcemeNt
Brian A Bruckner,1 Raquel R Bunge,1 Arvind Bhimaraj,2 Jerry Estep,2 
Matthias Loebe.1 1Thoracic Transplant Surgery and Mechanical Assist 
Devices, The Methodist Hospital DeBakey Heart Vascular Center, 
Houston, TX; 2Cardiology Heart Transplantation, The Methodist Hospital 
DeBakey Heart Vascular Center, Houston, TX; 3Cardiopulmonary 
Transplantation, Texas Heart Institute, Houston, TX.

background: The HeartMate II (Thoratec Corporation) LVAD for des-
tination therapy has provided a suitable option for older patients with 
advanced heart failure. However, preoperative risk stratification of 
older (age>60 yrs) patients needs to be elucidated. methods: Thirty-two 
patients (age>60 yrs) underwent HeartMate II LVAD placement between 
Jan 1, 2009 and Jan 1, 2012 as destination therapy. Outcome measures 
included age, survival, presence of renal failure, ventilator dependence/
ICU stay, need for temporary mechanical support, inotrope dependence, 
and redo chest.  Results: Twenty-six male and six female patients with 
end stage heart failure (n=27 ischemic cardiomyopathy, 85%) under-
went LVAD placement. Of the 32 patients, 10 required preop support 
(IABP or Tandem heart), 21 were inotrope dependent, 6 had preop renal 
failure with 3 requiring dialysis, 4 were on ventilator in ICU, and 15 
had previous cardiac surgery. Survival for patients ≥ 60 years of age 
was 80% at 1 month, 68% at 6 months, and 64% at 1 year. The major-
ity of the deaths in this cohort occurred within 30 days (7/32, 22%) 
and when separated from the remaining population statistics, revealed 
6 month and 1 year survival of 81% and 79%, respectively. Risk fac-
tors for 30 day and 6 month mortality included preoperative dialysis 
(p=0.03), presence of mechanical support (p=0.04), and redo chest 
(p=0.03).  conclusions: LVAD patients ≥ 60 years of age have good func-
tional recovery and survival at 6 months and 1 year. The greatest risk of 
death occurred within the immediate postoperative period (<30 days) 
and renal failure, preop mechanical support and redo chest increased 
mortality.

moNitoRiNg cARdiAc RecoveRy Post lvAd imPlANtAtioN 
by NoN-coNtAct PhotoPlethysmogRAPhy of PeRiPheRAl 
ARteRiAl PulsAtility
Jeffrey E Thatcher,1,2 Rohin Moza,1,2 Michael T Mueller,2 Kevin D Plant,2 
Wensheng Fan,2 Jose Melendez,2 J. Michael DiMaio.1,2 1Cardiovascular 
and Thoracic Surgery, UT Southwestern Medical Center, Dallas, TX; 
2Spectral MD Inc., Dallas, TX.

Non-contact Photoplethysmography (PPG) was developed to image 
blood perfusion over an area of tissue. We demonstrated an increase in 
PPG signal was related to the return of pulsatile flow in a patient showing 
cardiac recovery after left ventricular assist device (LVAD) implantation. 
PPG scans from a continuous-flow LVAD patient were obtained post-
implantation from day 1 to 36. The signal was collected from the palm by 
inputting 850 nm light and capturing with a CMOS camera. PPG signals 
from each pixel over 7 seconds were analyzed by averaging, linearization, 
filtering, and fast Fourier transform (FFT). The maximum FFT value (FFTM) 
from each scan was determined. Patient blood pulsatility was calculated 
as fractional pulse pressure (PPf) from blood pressure and mean arterial 
pressure (MAP) measurements. Between the first and fifth week, patient 
systolic pressure increased from 6±3 mmHg to 22±17 mmHg above MAP. 
FFTM values in this time frame increased (P<0.001) showing that our PPG 
signal increased as pulsatile blood flow returned to the hand. Linear regres-
sion was performed on PPf and FFTM values showing a high correlation 
(r2=0.84). As we address issues related to PPG acquisition we expect this 
association to improve. This research shows non-contact PPG imaging as a 
method to monitor the intensity of blood pulsatility in the extremities.
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moRtAlity withiN the fiRst yeAR of suPPoRt with A heARt-
mAte ii left veNtRiculAR Assist device
Antone J Tatooles, Colleen T Gallagher, Laura A Coyle, Geetha Bhat, Pat 
S Pappas. Center for Heart Transplant and Assist Device, Advocate Christ 
Medical Center, Oak Lawn, IL.

Purpose: With the approval of the HeartMate II (HMII) left ventricular 
assist device (LVAD) more centers are implanting devices for destination 
therapy (DT). However, its clinical acceptability has been limited due to 
various adverse events such as gastrointestinal bleeding, cerebral vascular 
accident, infection and device malfunction. The purpose of this study was 
to evaluate patients who survived less than one year with a HMII LVAD 
at a high volume center. methods: From March 2005 through December 
2010, 121 patients received a HMII as either a primary implant (n = 98) 
or a HM XVE to HMII pump exchange (n=23) for DT. Cause of death was 
evaluated for all patients who lived less than one year.  Results: One year 
survival for all patients was 81.8% (n=99). Cause of death included right 
sided heart failure 6(27%), cerebral vascular accident 6(27%), acciden-
tal disconnect 3(13%), bowel ischemia 2(9%), unknown cause 2(9%), 

respiratory failure 1(5%), 
multisystem organ failure 
1(5%) and anoxic enceph-
alopathy 1(5%). conclu-
sion: One year survival 
at experienced centers is 
approaching that of heart 
transplant. Early mortal-
ity is multifactorial with 
neurological events and 
right ventricular failure as 
leading causes of death. 
Patient selection, identify-

ing risk factors and focused strategies on preventing early mortality is 
critical to the overall success of LVAD therapy for DT.

multidisciPliNARy fuNctioNAl mobility PRogRAm foR 
lvAd PAtieNts
Raquel Bunge,1 Christiane Perme,2 Brian A Bruckner,1 Wade Fischer,1 
Tadashi Motomura,1 Barbara Elias,1 Matthias Loebe.1 1Thoracic Transplant 
Surgery and Mechanical Assist Devices, The Methodist Hospital DeBakey 
Heart Vascular Center, Houston, TX; 2Physical Therapy, The Methodist 
Hospital, Houston, TX.

background: Candidates for LVAD implantation tend to have frail 
hemodynamics as well as physical disabilities due to their chronic heart 
failure status. methods: Our physical therapy program is personalized 
and has 4 phases which address functional limitations. Phase-I includes 
patients who are in the acute phase with multiple medical problems 
and/or unable to stand up. Phase-II is for patients who are in the sub-
acute phase; continue to have multiple medical problems but who are 
stable and ready to start pre-gait activities. Phase-III includes patients 
with resolving medical problems who are able to start gait re-education 
activities. Phase-IV patients are stable and without significant medical 
problems. The physical therapy evaluation includes the assessment of 
mental status, vital signs, skin integrity, strength, range of motion, sensa-
tion, coordination, balance, gait, endurance, and the prior level of func-
tion. The program is initiated within 48 hours of implant. The physical 
therapy occurs once daily for 7 days/week and the duration of a treat-
ment session is 15 minutes to 1 hour.  Results: 78 patients were treated in 
our rehabilitation program starting Jan 1, 2010. 20 patients were classi-
fied as Phase I, 31 were Phase II, 16 were Phase III, and 11 were Phase 
IV. 12/20 (60%) Phase 1 patients were improved to Phase IV at time 
of discharge to home. 25/31(81%) Phase II patients were improved to 
Phase IV, and 12/16(75%) Phase III patients improved to Phase IV. con-
clusion: LVAD patients are able to recover more effectively from their 
severe heart failure status with the aid of an appropriate mobility pro-
gram. Our aggressive stepwise PT program provides significant clinical 
benefit for post-LVAD recovery.

mANAgemeNt of ecmo PAtieNts with AoRtic Root 
thRombus
Antone J Tatooles, Colleen T Gallagher, Sejal Modi, Daniel Costantini, 
Pat S Pappas, Geetha Bhat. Center for Transplant and Assist Device, 
Advocate Christ Medical Center, Oak Lawn, IL.

background:Cardiogenic shock is a condition with high mortality and 
limited therapeutic treatment after conventional therapies have failed. 
The use of extracorporeal membrane oxygenation (ECMO) offers a life-
saving option for those critically ill patients. Complications of ECMO 
can limit long term support. methods: Two patients presented at our 
institution in acute cardiogenic shock. Both patients were supported 
with an intra-aortic balloon counter pulsation, multiple inotropes and 
supported with ECMO which was emergently inserted peripherally via 
femoral artery and vein. Both patients were anticoagulated with continu-
ous infusion of heparin post operatively. One patient required antico-
agulation with argatroban. ACT goal of 200 with a range of 130-204, 
PTT maintained at 42-50 seconds in both patients.  Results:Patients were 
weaned off ECMO after a mean support of 71 hours and supported with 
Levontronix Centrimag short term mechanical circulatory support. Both 
patients were evaluated for a ventricular assist device as a bridge to deci-
sion. Intra operative transesophageal echocardiography revealed mas-
sive thrombus of the aortic root despite optimal anticoagulation regimen. 
Aortic root thrombus was successfully removed intraoperatively. Patients 
awoke without neurological deficits despite presence of thrombus. con-
clusion: Veno-arterial (VA) femoral cannulation of ECMO allows mini-
mally invasive resuscitation of patients in shock to have biventricular 
support and pulmonary support. Despite optimal anticoagulation man-
agement aortic root thrombus can develop. Both patients survived with-
out neurological deficits.

RecoveRy of eNd-oRgANs ANd imPRoved moRtAlity iN 
Adult PAtieNts oN ecmo
Joshua K Wong,1 Vei Shaun Siow,1 Thomas N Smith,1 Harrison Pitcher,2 
Linda Bogar,2 Hitoshi Hirose,2 Nicholas C Cavarocchi.2 1Jefferson 
Medical College, Thomas Jefferson University, Philadelphia, PA; 2Division 
of Cardiothoracic Surgery, Thomas Jefferson University Hospital, 
Philadelphia, PA.

With increasing use of ECMO in adults, we seek to objectively mea-
sure End-Organ recovery and correlate intensive care mortality scores 
and complications with patient survival. This is a retrospective review 
of patients who were placed on ECMO from Oct 2010 to Dec 2011. 
End-Organ function was measured through Pa02/Fi02 ratios, lactate 
levels, MELD and mortality scores (SAPSII/APACHEII/SOFA). Complica-
tions were recorded and analyzed. Twenty-three patients were placed 
on VA-ECMO and 5 on VV-ECMO. 22 (73%) patients were successfully 
weaned off ECMO, and 13 (46%) survived to discharge. In 12 patients 
with liver injury pre-ECMO, the median MELD score was 21 vs 13 post-
ECMO (p<0.01). In 7 patients with ARDS, the pre-ECMO Pa02/Fi02 
ratio was 71 vs 200 post-ECMO (p<0.01). Lactate levels improved in 13 
patients pre-ECMO vs post-ECMO; 9.2 vs 1.8 (p<0.01). Predicted mor-
tality improved from a mean of 68% to 32% by SAPSII and APACHEII 
scores. However, SOFA scores were not significantly different pre vs post 
ECMO. These scores did not correlate with successful ECMO wean or 
patient survival. Complications occurred in 20 (71%) patients and was 
increased in patients who died (80%) vs patients who survived (62%) 
(p<0.01). However, complications were higher (82%) in the subgroup of 
11 patients weaned to recovery, of which 9 (82%) survived to discharge. 
End-Organ recovery improves predicted mortality of the ECMO patient. 
However commonly used mortality scores did not correlate with survival 
and are not clinically useful in ECMO patients. The high survival despite 
the increased rate of complications in patients weaned to recovery indi-
cates that the ability to wean to recovery is an important predictor of 
patient survival.
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A siNgle ceNteR exPeRieNce with tPA AdmiNistRAtioN foR 
lvAd thRombus
Edwin C McGee, Jr., Karen A Meehan, Robert Gordon, Sukit C Malaisrie, 
Hyde M Russell, Richard Lee, Patrick M McCarthy. Bluhm Cardiovascular 
Institute, Northwestern Memorial Hospital/Northwestern University 
School of Medicine, Chicago, IL.

background: Device thrombus is a rare but significant cause of device 
malfunction in patients supported with continuous flow Ventricular 
Assist Devices (VADs). Administration of tissue plasminogen activator 
(tPA) has been described as a way to manage device thrombus but little 
data has been published. materials and methods: A single center ret-
rospective review was conducted of patients undergoing implantation 
of continuous flow VADs over a 4 year period (12/07-12/11). Patients 
that had clinical evidence of device thrombus were analyzed for modes 
of treatment and outcome.  Results: 123 Continuous flow VADs were 
implanted in 109 patients as bridge to transplant and destination therapy 
indications (78 HM II, 39 HVAD, 6 Ventrassist). 8 episodes of device 
thrombus occurred in 6 patients. All had a subtherapeutic INR due to 
held or inadequate anticoagulation. Peripheral and/or central tPA was 
administered in 5 patients (average dose 45mg), most in conjunction 
with integrillin. All patients demonstrated an initial normalization in 
power and flow, but pump parameters suggestive of thrombus recurred 
in 4 of 5 patients. Complications included pericardial effusion (2/8) and 
hemoptysis (1/8). Outcomes included cleared device thrombus (1/6); 
transplantation (4/6), withdraw of care due to multi-organ failure (1/6); 
and device exchange (5/4).  conclusions: Managing continuous flow 
devices without anticoagulation increases the risk of device thrombus. 
tPA with integrillin can serve as a temporizing measure but is not with-
out complication. Programs engaged in implantation of continuous flow 
devices need algorithms for the management of device thrombus, ulti-
mately including pump exchange if lytic therapy fails.

AN AggRessive Policy of PumP exchANge sAlvAges most 
PAtieNts with PumP mAlfuNctioN
Edwin McGee, Jr., Karen Meehan, Robert Gordon, Rick Lee, Sukit 
Malaisrie, Hyde Russell, Patrick McCarthy. Bluhm Cardiovascular 
Institute, Northwestern Memorial Hospital/ Northwestern University 
School of Medicine, Chicago, IL.

background: Advances have been made in the biocompatibility 
and durability of ventricular assist devices. Be it rare, device failure is 
a significant source of morbidity. We sought to describe the manage-
ment of device failure in our institution. materials/methods: A single 
center retrospective study of 167 mechanical assist devices placed in 
141 patients in a single center from 7/05-12/11 was conducted. Pump 
malfunction occurred in 15 patients; 13 VADs were exchanged in 12 
pts. Causes of device failure included thrombus, bearing failure, cracked 
housing leading to massive air loss, electrical failure, and occlusion of 
outlet graft from slipped bend relief.  Results: HeartMate XVE (3/3) were 
exchanged to HM II via a combined subcostal and sternotomy approach. 
Thoratec PVAD (1/1) with an air leak from a spontaneous crack in the 
pump housing was exchanged without opening the chest. HeartMate II: 
thrombus (3), electrical failure due to internal lead insulation fracture (4), 
and bend relief obstruction (1) were all managed by subcostal exchange. 
1 patient died of presumed embolic stroke. HeartWare HVAD: thrombus 
(4 cases of pump thrombus in 3 patients) were managed with device 
exchange and subsequent transplant (3); (1) pump thrombus successfully 
managed with intraventricular tPA and integrellin.  conclusions: Device 
exchange was required in 13 of 141 patients and in 11 of 109 continu-
ous flow patients. Thrombus and electrical failure due to compromised 
internal lead insulation integrity were the most common modes of failure 
encountered. Urgent listing for transplantation with a failing pump is 
unpredictable. An aggressive policy of pump exchange can salvage most 
patients with device malfunction.

outcomes foR PAtieNts suPPoRted by A heARtmAte xve 
lvAd thAt RequiRed exchANge foR A heARtmAte ii lvAd
Rajko Radovancevic, Igor D. Gregoric, Sayf Said, Sylvia Carranza, Eric 
Johnson, O.H. Frazier. Center for Cardiac Support, Texas Heart Institute 
at St. Luke’s Episcopal Hospital, Houston, TX.

Purpose: We analyzed our experience in replacing the HeartMate 
XVE (HM-XVE) with the HeartMate II (HM-II) axial-flow left ventricular 
assist device (LVAD) for pump-related complications. methods: From 
7/05 to 12/10, 38 patients (pts) required HM-XVE replacement with the 
HM-II.We analyzed end-organ function, adverse events, and mortality 
in these pts.  Results: Of the 33 men and 5 women (age 46±13 y), 8 
had the LVAD as a bridge to transplantation, and 30 had it as destina-
tion therapy. Seventeen pts (45%) had ischemic cardiomyopathy, and 
17 (45%) had diabetes. The reasons for LVAD replacement were device 
malfunction (n=34), device-related infection (n=2), and gastrointestinal 
erosion (n=2). Before HM-II implantation, laboratory results were sig-
nificantly better than before HM-XVE implantation, indicating improved 
end-organ function. Seventeen pts (45%) had HM-XVE infections, 10 pts 
had HM-II infections. The support period was 966±614 d (range 195-
3090 d) overall; 453±238 d (range 78-1469 d) before device exchange 
(HM-XVE); and 513±483 d (range 0-1840 d) after exchange (HM-II). The 
longest survivor was 29-y-old man with 3090 d (8.5 y) of support on 
both LVADs. Eight HM-II pts had a transplant after 70-754 d, 3 were 
weaned after 464-981 d, and 9 are still being supported (517-1840 d). 
After LVAD exchange, 6 died in perioperative period. 

conclusion: HM-XVE to HM-II exchange represents an increased opera-
tive risk for HM-II implantation, but can be done with excellent long 
term outcomes.

weighted method to PRedict dAmAge iN medicAl devices
Samuel J Hund, James F Antaki. Carnegie Mellon University, Pittsburgh, PA.

The most common method for predicting blood damage uses Lagran-
gian particles tracking. Due to the large number of cells, it is computa-
tionally prohibitive to simulate each one. Damage predictions are based 
on an average value of representative particles, yet this study endeavors 
to show that a flux weighted average will yield a more accurate predic-
tion. The study examined two tubes, diameters of 0.6 and 0.3cm and 
flow rates of 1(Re=1061) and 0.2(Re=421)lpm respectively. The flux was 
analyzed by dividing the tubes into 10 equal areas. 101 particle tracks 
were uniformly distributed along the radius and damage was predicted 
using the Richardson model (A=4.1e-8) for RBCs and the PAS for PLTs. 
Given the assumption of uniform cell concentration, it was observed that 
19% of the cells pass through the core and only 1% pass through the 
edge. RBC damage was 3.61e-04% and 3.80e-05% for the standard and 
weighted means respectively. Since the majority of cells travel through 
the core, the weighted mean was almost an order of magnitude less than 
the standard method. The distribution of RBCs and PLTs in the smaller 
tube is not uniform and showed 32.2% of the RBCs passing core and 
only 0.02% near the edge. Conversely, 14% of the PLTs pass through 
the core and 6.0% passed through the edge. Hemolysis predictions were 
1.32e-3%, 1.22e-4%, and 4.51e-5% for the standard, the weighted/
uniform, and the weighted/non-uniform distribution respectively. The 
PAS was 2.72, 0.350, and 0.786 for the standard, weighted, and non-
uniformly weighted. A flux weighting allows for a better representation 
of the cell population, and hence can give a more accurate damage 
prediction.

Table 1

 Before HM-XVE Before HM-II p=

BUN 43±22 24±14 <0.0001
Creatinine 2.1±0.9 1.6±1.3 0.0002
SGOT 347±706 45±39 0.037
SGPT 278±536 27±26 0.036
T bilirubin 3.0±4.2 1.3±0.9 0.032
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effects of hemodilutioN with cRystAlloids ANd colloids 
oN Rbc vAsodilAtoRy sigNAliNg ANd oxygeN AffiNity
Jan Simoni,1 Joe X Castillo III,2 Paula Simoni,3 John F Moeller,1 Grace 
Simoni,1 Michael D Tomison,1 Samuel J Campbell,1 John A Griswold.1 
1Surgery, Texas Tech University Health Sciences Center, Lubbock, TX; 
2Universidad Autónoma de Guadalajara School of Medicine UAG, 
Guadalajara, Jalisco, Mexico; 3Clinical Pharmacy, Covenant Medical 
Center, Lubbock, TX.

Excessive hemodilution is a common limitation with crystalloids 
and volume overload with colloids. Although both fluid therapies are 
intended to normalize hemodynamic parameters they may lead to end 
organ perfusion deficiencies. It was established that RBC besides act-
ing as oxygen carriers tightly control vascular tone. RBCs exposed to 
increased shear stress, low pO2 or acidic pH release ATP that increases 
blood flow by stimulating P2Y receptors. Since fluid therapy affects the 
biochemical and rheological properties of blood, this study examined 
the impact of crystalloids (0.9% NaCl and Lactated Ringers) and col-
loids (Hespan and Human Albumin) on dynamics of RBC shear-induced 
ATP release and respiratory function. methods: Fresh human blood was 
diluted 3 : 1 with crystalloids and 1 : 1 with colloids and subjected to 
a shear rate of 100 s-1. After 30 min of treatment RBC were evaluated 
for O2 affinity (P50 and Hill coefficient) with a Hemox Analyzer (TCS 
Scientific Corp., New Hope, PA) and release of ATP using luciferase-
luciferin and Lumi-Aggregometer (Chrono-Log Corp., Havertown, PA). 
 Results: 0.9% NaCl blocked ATP release by 89% and slightly increased 
RBC O2 affinity as compared to whole blood. Lactated Ringers almost 
completely blocked ATP release and markedly decreased RBC O2 affin-
ity. Hespan blocked ATP release by 70% and did not affect P50. Human 
albumin showed no effect on studied parameters.  conclusions: The 
effect of hemodilution with crystalloids or colloids on RBC vasodila-
tory signaling and respiratory function must be taken into consideration 
particularly in patients with hemodynamic instability and compromised 
peripheral O2 delivery.

comPARAtive PAthology of AN imPlANtAble left AtRiAl 
PRessuRe moNitoR
Karen E Trainor,1 Aaron Roberts,1 Brad R Weeks,1 Nicolette Jackson,1 
Richard W Troughton,2 Christopher J Charles,2 Miriam T Rademaker,2 
Iain C Melton,2 Ian G Crozier,2 Werner Hafelfinger,3 Dan E Gutfinger,3 
Neal L Eigler,3 William T Abraham,4 Fred J Clubb Jr.1 1Veterinary 
Pathobiology, Texas AM University, College Station, TX; 2Department of 
Cardiology, Christchurch Hospital University of Otago, Christchurch, 
New Zealand; 3Cardiac Rhythm Management Division, St. Jude 
Medical, Sylmar, CA; 4Division of Cardiovascular Medicine, Ohio State 
University, Columbus, OH.

background: A direct left atrial pressure (LAP) monitor to manage 
patients with heart failure (HF) was studied with the aim of reducing hos-
pitalizations for acute decompensated HF. The LAP monitor is implanted 
into the left atrium using transseptal catheterization and affixed to the 
atrial septum by nitinol anchors. The objective was to evaluate the safety 
of permanent implantation in humans based on the comparative pathol-
ogy in animals. design: Tissue from 6 humans, 16 dogs, and 14 sheep 
was examined for thrombosis and tissue overgrowth using integrated 
microscopy techniques. Implant duration ranged from 42-1686 days. 
Two anchoring systems were studied; the original design (A) and an 
updated design (B) where the anchors were moved back to cause the 
pressure sensing diaphragm to advance by an additional 1.5 mm into the 
LA.  Results: Gross examination showed minimal-moderate tissue over-
growth. Micro-CT confirmed structural integrity. Low-vacuum SEM and 
histology showed the tissue overgrowth was comprised of neoendocar-
dium with no inflammation, erosion, or perforation. There was minimal 
to no neoendocardium over the sensor diaphragm in subjects implanted 
with design B compared with mild to moderate tissue coverage using 
design A. The reduced encapsulation of the Design B sensor diaphragm 
eliminated LAP waveform artifacts that were seen occasionally for 
Design A. conclusion: There was no evidence of excessive device/host 
reaction or active thrombogenesis in humans that followed the antiplate-
let therapy protocol. Both animal models closely approximate the find-
ings in humans and support the safety of the device. The canine model 
more closely approximates human tissue response to the LAP monitor.

fActoRs coNtRibutiNg to iNsufficieNt theRAPeutic 
ResPoNse to cloPidogRel ANtiPlAtelet theRAPy iN Pci 
PAtieNts
Suthipong Soontrapa,1 Teerapat Nantsupawat,1 Jan Simoni,2 Grace 
Simoni,2 Chanwit Roongsritong,3 Gary E Meyerrose,1 Ashwani Kumar.1 
1Internal Medicine, Texas Tech University Health Sciences Center, 
Lubbock, TX; 2Surgery, Texas Tech University Health Sciences Center, 
Lubbock, TX; 3Reno Heart Physicians, Reno, NV.

Platelet activation remains a major complication of PCI. Although dual 
antiplatelet therapy with clopidogrel and aspirin is the standard of care, 
the interaction between clopidogrel and proton-pump inhibitors (PPIs) 
reduces the benefit of this treatment. There is also evidence that platelet 
hyperreactivity is mediated by peri- and post-PCI ischemic events that 
generate prothrombotic factors, collagen and 8-isoprostane. The purpose 
of this study was to assess the role of these factors in the enhancement of 
platelet aggregability in PCI. methods: Platelet aggregation in response 
to collagen (COL), ADP, epinephrine (EPI), arachidonic acid (AA) and 
8-isoprostane was assessed immediately before, during and 6 hr after 
PCI by aggregometry (PICA, Model 600, Chrono-Log Corp., Havertown, 
PA) in 21 patients undergoing coronary stenting pretreated with aspirin 
and received a 600 mg dose of clopidogrel prior to the procedure. 9 
subjects were on omeprazole.  Results: Patients at the time of admission 
had enhanced platelet reactivity and the PCI procedure itself increased 
platelet aggregability. While clopidogrel and aspirin decreased the plate-
let response to ADP (by 30%; p<0.001) and AA (by 38%, p<0.10), this 
treatment showed no effect on COL and 8-isoprostane. Six hours after 
PCI platelets aggregability increased by 20% (p<0.035) in response to 
COL, and by 32% (p<0.001) in response to 8-isoprostane. PPI treatment 
reduced the antiplatelet effect of clopidogrel. conclusion: The enhanced 
platelet aggregability in post PCI phase that cannot be controlled with 
clopidogrel and aspirin is inevitably mediated by exposure of platelets to 
collagen, 8-isoprostane and PPI medication.

AgeNt bAsed modeliNg of the lvAd PoPulAtioN: PRedict-
iNg outcomes
Nathanael O Mason, Alok Chaturvedi. School of Managment, Purdue 
University, West Lafayette, IN.

We created an Agent Based Model (ABM) simulating a simple LVAD 
patient and population, the agent, was create from characteristics derived 
from the INTERMACs database. ABM allows for large simulations of 
agents based on simple rules. The LVAD community is ideal for ABM, 
because the population is very well characterized and is small. Each 
agent was designed with sensors, traits and actions. The primary trait we 
looked at was compliance. We examined how changes in average com-
pliance level of a population affects the overall mortality of simulated 
population. Figure 1 illustrates that as the mean compliance level falls so 
does the mortality of the simulated population of 1000 LVAD patients. 
We found that there was a critical level of compliance (CLC) for patients. 
Where if the average compliance falls below the CLC there is a dramatic 

increase in mortality 
and complications. The 
idea of a critical com-
pliance level is seen in 
many places around 
healthcare for two 
simple. One example 
is with PIC lines after 
2 weeks they must be 
replaced because the 
risk of infection greatly 
increases. Also in dial-
ysis patients, there are 
very specific guidelines 
when followed reduce 
the risk of mortality. 
ABM is ideal to help 
researchers and pri-

mary caregiver to understanding how small changes in behavior could 
affect the individual and the population in whole.
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mechANicAl ciRculAtoRy suPPoRt: emeRgeNcy PRoceduRes 
ANd educAtioN of commuNity seRvices
Juliane Vierecke, Martin Schweiger, Alexander Stepanenko, Nikolai 
Dranishnikov, Evgenji Potapov, Thomas Krabatsch, Roland Hetzer. 
Deutsches Herzzentrum Berlin, Germany.

introduction: The implantation of ventricular assist devices [VADs] is 
an effective and well recognized surgical treatment option for patients 
with terminal chronic or acute heart failure. In Germany it is estimated 
that approximately 400-600 patients with VADs of different kinds are 
living at home. Life-threatening complications during mechanical circu-
latory support (MCS) are rare with modern devices, but it is very impor-
tant that medical and paramedical personnel correctly assess emergency 
situations and react to them quickly and optimally. methods and Results: 
We developed an educational program for fire brigade paramedics 
and medical personnel as well as for state and federal police, includ-
ing airport based units. Additionally, a special checklist for emergency 
situations and specific VAD information cards have been developed and 
introduced. conclusion: Special education programs for the community 
should be established by every hospital running an MCS program. An 
emergency algorithm should be developed and included in the educa-
tion process of paramedics and other community services. Emergency 
cards allow quick and safe communication between the hospital MCS 
team and the person treating an unconscious MCS patient.

effect of iNflow cANNulA oN RotARy blood PumP sPeed 
PulsiNg stRAtegy
Kai Chun Wong, Thomas Schmitz Rode, Ulrich Steinseifer. Cardiovascular 
Engineering, Applied Medical Engineering, Aachen, NRW, Germany.

Alternation of the impeller speed to induce pulsatility in RBPs could 
influence ventricular volume and stroke work. In order to trigger these 
pulsations precisely with respect to the cardiac cycle, the physical 
properties of inflow cannulas (resistance, inertiance, compliance and 
geometric change) should be taken into account. This study was to 
determine the appropriate physical properties of cannula to fulfill the 
desired effect of these pulsations on hemodynamic. A mock circulation 
loop was operated to produce left heart failure conditions. A mixed flow 
RBP, connecting from ventricle to aorta, was configured to alter speed, 
with pulse peaks in systole or diastole. Tubings with different length, 
inner diameter, material and geometry were used as the inflow cannula. 
Pressure drops through cannulas, motor power, resulting hemodynamic, 
VAD flow, ventricular volumes, and stroke work were recorded. For 
pulse peak in systole, pressure drops through cannula were increased 
from 0.38mmHg with PVC 1/2” tubing to 1.33mmHg with PVC 3/8” 
tubing, with a phase delay decreasing from 0.06rad to 0.02rad. 1/2” tub-
ing double the original length resulted in similar phase delay (~0.06rad), 
but a higher pressure drop (0.81mmHg). Silicone 1/2” tubing produced 
a higher pressure drop (0.72mmHg), and a rise in phase delay (0.09rad), 
compared to PVC 1/2” tubing. Bended tubings led to higher pressure 
drops and longer phase delay than straight tubings. The same trend was 
found for pulse peak in diastole. 1/2” PVC straight tubing with less than 
150mm in length proved the most compatible with pulsatile operation, 
by providing the lowest pressure drop, mild phase shift and lowest motor 
power required for the RBP pulsatile strategy.

is theRe A diffeReNce iN stRuctuRAl RemodeliNg betweeN 
ischemic NoN-ischemic PAtieNts who uNdeRgo lvAd 
imPlANtAtioN?
Ana M Segura, Rajko Radovancevic, Zumrut Demirozu, Igor Gregoric, 
LM Buja, OH Frazier. Texas Heart Institute at St. Luke’s Episcopal 
Hospital, Houston, TX.

Purpose: To examine ventricular remodeling histopathologic changes 
in heart failure(HF) patients(pts) at the time of left ventricular assist 
device(LVAD) implantation & compare between pts with ischemic & 
non-ischemic cardiomyopathy(CMP). methods: We included 34 con-
secutive pts with severe HF who underwent HeartMate II LVAD implan-
tation from February to October 2010.Computerized morphometry was 
used to evaluate histopathologic parameters of fibrosis (perivascular, 
interstitial & replacement fibrosis) & hypertrophy(cytoplasmic & nuclear 
diameter) in left ventricular cores obtained at LVAD implantation. 
 Results: 19 pts(16 men & 3 women,age 58+10 years)had ischemic CMP 
& 15 pts(13 men & 2 women,age 52+14 years)had non-ischemic CMP.
Before LVAD implantation,demographics,hemodynamics, & laboratory 
results were similar between groups,although the ischemic group had a 
higher incidence of hypertension(63% vs 27%, p=0.045) & myocardial 
infarction(53% vs 0%,p =0.001)than the non-ischemic group.Total fibro-
sis & all types of fibrosis (perivascular,interstitial & replacement)were 
higher in ischemic group than in non-ischemic group(23.5+18.4% vs 
13.9+10.2%, p=0.032).However, hypertrophic changes were more pro-
nounced in the non-ischemic group,which had larger cytoplasmic diam-
eter(40.8+11.7 vs 34.9+9.7 %, p=0.084)& nuclear diameter(17.0+3.8 vs 
14.5+2.4%, p=0.046)than ischemic group. summary:Fibrosis seen at the 
time of LVAD implantation is more extensive in pts with ischemic CMP 
& may contribute to the irreversibility of HF.In non-ischemic pts with 
more severe hypertrophic changes & less fibrosis, LVAD unloading may 
contribute to reverse remodeling & functional improvement.

wAve tRAvel iN the thoRAco-AbdomiNAl AoRtA with ecg 
syNchRoNized thoRAtec PvAd
Stijn Vandenberghe,1 Raffael Amacher,2 Henriette Brinks,3 Michael 
Stoller,3 Shannon Axiak,4 Alberto Weber,3 Stefano deMarchi.3 1ARTORG 
Cardiovascular Engineering, University of Bern, Switzerland; 2Institute 
for Dynamic Systems and Control, ETH Zürich, Switzerland; 3Dept. of 
Cardiology and Cardiac Surgery, Inselspital Bern, Switzerland; 4Dept. of 
Veterinary Anesthesia, University of Bern, Switzerland.

background: Ventriculo-arterial coupling is a balanced mechanism, 
fine-tuned by nature. Pressure waves travel back and forth in the aorta 
and determine the shape of the arterial pressure waveform, and the load 
on the heart. We investigated how Ventricular Assist Devices disturb this 
balance, and alter the transfer of pulsatile energy. methods: A Thoratec 
PVAD was implanted in 8 sheep and run with a Medos VAD pneumatic 
driver. A real-time R-wave detector and timing control interface were 
used to control the timing of pump ejection with respect to heart con-
traction, yielding 10 different ‘phase shift’ settings (0%: co-pulsation, 
50%: counterpulsation). A Volcano Combo-wire was placed in the aorta 
at T13 level to measure pressure and Doppler velocity and this was ana-
lyzed to yield wave intensity (WI). Results: The ejection of the PVAD 
causes an additional forward compression wave with similar intensity as 
the native forward pushing wave (12,138 W/m2/s). For 0% phase shift, 
both waves are superimposed, resulting in the highest pulse pressure 
(155% of baseline) and WI (27,937 W/m2/s). For higher phase shifts the 
additional wave is proportionally delayed, resulting in deformation of 
the pressure waveform (with obvious phases of systolic or diastolic aug-
mentation) and reduction in pulse pressure (min.: 70%). For a phase 
shift of 50%, unloading is apparent as the native forward pushing wave 
is reduced to 3,600 W/m2/s while the PVAD wave maintains its inten-
sity. We conclude that a pulsatile VAD disturbs natural wave travel in 
the aorta in a complex way that also affects cardiac load and possibly 
peripheral perfusion and requires further investigation for implementa-
tion in the treatment strategy.
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iNductioN of NeoiNtimAl tissue to left veNtRiculAR APex 
with titANium-mesh
Takuma Miyamoto,1 Tomohiro Nishinaka,1 Kenji Suzuki,1 Toshihide 
Mizuno,2 Eisuke Tatsumi,2 Kenji Yamazaki.1 1Cardiovascular Surgery, 
Tokyo Women’s Medical University; 2Department of Artificial Organs, 
National Cardiovascular Center Research Insutitute.

background: Stroke is the crucial complication among patients sup-
ported by LVAD. Surface modification of inflow cannula could induce the 
neointimal tissue and prevent thromboembolism, but the characteristics 
of neointima have not been evaluated yet. The purpose of this study is to 
evaluate the neointimal tissue and tissue reaction on the titanium-mesh, 
especially the tissue growth and stability. method: We made titanium-
pins covered with or without titanium-mesh to mimick the inflow coud-
uit of VAD. The pin was sized 20mm in length, and 3mm in width, the 
wire diameter was 85µm, and the volumetric porosity of the wire struc-
ture was 40-70%. We implanted them to the left ventricular apex of male 
Japan-white rabbit. Then rabbits were sacrificed and tissues around the 
surface of the pins were evaluated histologically by standard stain with 
MMA resin embedded specimen, immunohistochemical stain (CD31), 
and low-evacuated SEM. Result: At 1 week, the thrombus was trapped 
in the mesh and it was thinner and flatter than control. The endothelial 
cells were observed after 3 months, and they were arranged and few 
platelets were observed on them at low-evacuated SEM. The thrombus in 
the mesh was gradually organized by connective tissue without massive 
inflammation, and capillaries were observed after 3 months of implant. 
After 6months, tissue was stable and muscle cells were derived in the 
mesh and no hyperplasia was observed. conclusion: The titanium-mesh 
prevented the massive thrombus formation at acute phase and induced 
stable neointimal tissue with endothelial cells and capillary at chronic 
phase. This surface modification could prevent the thrombus formation 
in the patient supported by LVAD.

iNcideNce of PostoPeRAtive bleediNg iN PAtieNts with A 
heARtmAte ii left veNtRiculAR Assist system seAled gRAfts
Juliane Vierecke, Evgenji Potapov, Alexander Stepanenko, Roland Hetzer, 
Thomas Krabatsch. Deutsches Herzzentrum Berlin, Germany.

introduction: The implantation of ventricular assist devices [VAD] is 
an effective surgical treatment option for patients with terminal chronic 
or acute heart failure. However, the incidence of post-operative bleed-
ing has remained high. Since the beginning of 2011 a sealed inflow 
graft was added to the HeartMate II LVAS (Thoratec) making both grafts 
(inflow and ouflow) sealed. methods:The primary study objective was 
to compare the amount of chest tube drainage at 48 hours between two 
groups: 20 patients implanted with non-sealed inflow and outflow grafts 
(retrospective data) and 20 patients implanted with the sealed inflow and 
outflow grafts (prospective) while using our standard institutional anti-
coagulation protocol in both groups. Patients were excluded from this 
study if they had known thrombophilia, a suboptimal pre-operative anti-
coagulation status, sepsis or infection before implantation. Additional 
secondary parameters included number of PRBC and FFP, days of ICU 
stay, days to discharge.  Results: A preliminary review and analysis was 
performed. The data of 20 HeartMate II patients with a non-sealed grafts 
(75% male, median age 57 years, 75% INTERMACS category 2 and 3) 
was compared to 12 HeartMate II patients implanted with a sealed grafts 
(100% male, median age 58 years, 92% INTERMACS category 2 and 
3). The chest tube drainage at 48 hours was lower in the sealed graft 
group: 1425 ml vs 1750 ml. The additional secondary parameters will be 
reported after completion of study enrolment. conclusion: This prelimi-
nary analysis indicates that introduction of the HeartMate II sealed grafts 
did lead to a decreased postoperative bleeding at 48 hours.

NoN-cARdiAc suRgeRy (Ncs) iN PAtieNts with A veNtRicu-
lAR Assist device
Juliane Vierecke, Martin Schweiger, Evgenji Potapov, Alexander 
Stepanenko, Nikolai Dranishnikov, Thomas Krabatsch, Roland Hetzer. 
Deutsches Herzzentrum Berlin, Germany.

introduction: The clinical course of patients requiring NCS during VAD 
support is not well described. Previous studies are limited in the number 
of patients with VADs and number of operations. methods: We reviewed 
the NCS procedures of our 190 patients with ongoing VAD support 
between 10/2010 and 10/2011.  Results: 50 of our patients underwent 
52 NCS procedures in 1 year. We documented 16 VAD-related NCS and 
36 non-VAD-related NCS; 14 of these procedures were urgent and 38 
were elective. Median age at time of NCS was 58 years; 92% were male 
and 52% had ischemic cardiomyopathy. Different devices were used: 
HeartWare 52%, HeartMate II 32%, INCOR 12%, Berlin Heart BVAD 
2%, HW BVAD 2%. One third of the non-VAD-related NCS were dental 
procedures, nearly one third pacemaker procedures, 17 % abdominal 
surgery, 9% vascular surgery, 5% basalioma excisions, 3% thyroidec-
tomy, 3% fixation after traumatologic fracture and 3% gynecological. 
One third of the VAD-related NCS was vascular operations, one third 
abdominal operations, and one third others. Eighty-four percent were 
admitted to our own institution and 65% of all NCS were performed 
there. There were no deaths directly related to the NCS procedure. The 
most common complication was bleeding requiring PRBC (in 25% of the 
non-VAD-related NCS). We saw excellent 30 day survival of the patients 
with non-VAD-related NCS (97%). The 30 day survival of patients with 
VAD-related NCS was 73%. One stroke occurred after a pacemaker bat-
tery exchange. Infection occurred in 11%. There were no technical VAD 
problems. conclusion: NCS is not uncommon during VAD therapy. In 
our experience, non-cardiac surgery in LVAD recipients is feasible with-
out significant morbidity or mortality.

sheAR iNduced PlAtelet ActivAtioN ANd sigNAl 
tRANsductioN
Shuqiong Niu, Tao Zhang, Katrina Williams, Bartley P Griffith, Zhongjun J 
Wu. Surgery, University of Maryland School of Medicine, Baltimore, MD.

Platelet activation caused by mechanical forces remains a challenging 
problem for patients implanted with blood contacting artificial organs. 
The relationship between platelet activation, signal transduction and 
non-physiological shear stress remains largely unknown. The aim of 
this study was to characterize the platelet activation and explore plate-
let signal transduction in response to well controlled shear stresses in a 
newly developed blood shearing device. Human blood anticoagulanted 
with acid-citrate-dextrose (ACD) were exposed to three levels of uniform 
shear stresses (25, 75, 125 Pa). The exposure time were set as 0.04, 0.76 
and 1.48 seconds to each level of the applied shear stresses. Platelet acti-
vation markers (surface P-selectin, soluble P-selectin and platelet derived 
microparticles (MPs)) were used. The signal transduction molecules 
(PI3K/AKT, ERK) were measured. Under the shear stress of 125 Pa with 
0.76 and 1.48 sec, percentage of the surface P-selectin (CD62p) positive 
platelets increased from a baseline level of 10% to 25% and 30%; the 
relative number of CD61-62p positive MPs elevated to 500 and 1000. 
Soluble P-selectin had no significant change. Signal pathway molecules 
shown that PI3K, pAKT, and pERK increased 17%, 30% and 30% respec-
tively, under the short exposure time of 0.04s independent of applied 
stress levels. There was no change for P38 and vinculin while the shear 
stress and exposure time were changed. The combination of elevated 
shear stress and short exposure time was shown to play an important 
role in shear induced platelet activation. Here we demonstrated that the 
signal transduction signal pathway related to granule secretion activated 
when the common platelet markers were not detectable.
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mechANicAl ciRculAtoRy suPPoRt iN iNteRveNtRiculAR 
sePtum RuPtuRe: Rescue theRAPy of bRidge?
Gianpaolo Romano,1 Cristiano Amarelli,1 Ciro Maiello,1 Nicola 
Galdieri,1 Antonella Capasso,1 Giuseppe Santoro,2 Maurizio Cappelli 
Bigazzi,2 Luca S De Santo,1 Michelangelo Scardone.1 1Department of 
Cardiovascular Surgery and Transplants, Monaldi Hospital, Napoli, Italy; 
2Department of Cardiology, Monaldi Hospital, Naples, Italy.

Posterior Interventricular Septum Rupture (IVSR) is associated with a 
massive necrosis of right ventricle. New techniques of surgical repair 
lowered the incidence of postoperative shunt but residual myocardial 
function after surgery is often poor. On the other hand stabilization with 
counterpulsation to warrant surgery on an healed tissue is not always pos-
sible. Mechanical Circulatory Support after surgery may be temporarily 
necessary but recovery is unlikely; to avoid undue costs and damages to 
myocardium related to surgery and to uneffective myocardial protection, 
ECMO may be used as a bridge to the optimal therapy when myocardial 
function is really poor. During 2011 of 8 patients referred for IVSRs 5 
patient were refused for emergent surgery due to the excessive surgical 
risks. Three of these patients underwent ECMO implantation as bridge to 
the optimal therapy. In 2 patients in age for Heart Transplantation, after 
the recovery of a good end-organ perfusion and a fast extubation, recov-
ery of myocardial function was not achieved despite myocardial unload-
ing, so the patients underwent successful Heart Transplantation. The 
third patient had a severe neurological dysfunction but recovered a good 
myocardial function and underwent successful Amplatzer implantation 
with a minimal residual shunt. This patient died after ECMO removal for 
cardiogenic shock; unfortunately this patient didn’t underwent coronary 
angiography so we had no data on the extent of the coronaric lesions. 
The summary of the 3 cases of posterior Postinfarctual IVSRs suggest that 
ECMO implantation as a bridge to surgery may warrant the choose of the 
optimal treatment for a challenging pathology.

comPARisoN of fluid dyNAmic NumeRicAl models ANd 
exPeRimeNtAl vAlidAtioN foR A cliNicAl veNtRiculAR Assist 
device
Jiafeng Zhang, Pei Zhang, Bartley P Griffith, Zhongjun J Wu. Department 
of Surgery, University of Maryland School of Medicine, Baltimore, MD.

With the recent advances in computer technology, Computational 
Fluid Dynamics (CFD) has become an important tool to design and 
improve blood contacting artificial organs and to study the device-
induced blood damage. Different CFD models have been employed to 
model blood flow in these devices, but the best approach remains debat-
able. The laminar and five turbulence models (Spalart-Allmaras, k-, k-, 
SST (Menter’s Shear Stress Transport), and Reynolds Stress) were imple-
mented to study blood flow in a clinically used circulatory assist device, 
CentriMag® centrifugal blood pump (Levitronix – Thoratec, MA). The 
pump was meshed by Ansys and simulated by Fluent 12.0. In parallel, 
a transparent replicate was constructed and selected views of the flow 
fields were measured with digital particle image velocimetry (DPIV). 
CFD results were compared with the DPIV results. All the CFD models 
predicted the similar flow pattern as the experiment. However, quantita-
tively, the laminar model over-predicted the area weighted velocity mag-
nitude by 26%. Some turbulence models, such as Spalart-Allmaras, SST 
and k-, over-predicted the area weighted velocity magnitude by 26.4%, 
22.6% and 20.3% respectively. On the other hand, k- with enhanced 
wall functions, k- with standard wall functions and Reynolds Stress 
models predicted the velocity field more accurately with a difference of 
only 3.2%, 7.0% and 0.3% respectively. In conclusion, for the circula-
tory assist devices, turbulence models generally provide more accurate 
results than the laminar model. Among the turbulence models, k- and 
Reynolds Stress models are the most optimal.

NiNety-dAy suRvivAl of A cAlf imPlANted with A 
 coNtiNuous-flow totAl ARtificiAl heARt
Jo A Winkler, Steven M Parnis, Jeff L Conger, Gil G Costas, William E Cohn, 
OH Frazier. CV Surgical Research, Texas Heart Institute, Houston, TX.

introduction: Development of the continuous flow total artificial 
heart (CFTAH) for cardiac replacement has been underway in our labo-
ratory since 2004. CFTAHs are believed to be superior to volume-dis-
placement TAHs because they are smaller and more durable. We studied 
the physiologic response to a pulseless steady state circulation for 90 
days in a calf model. materials and methods: The CFTAH consisted of 
2 axial-flow blood pumps with modified inlet conduits and siliconized 
polyester atrial cuffs. The devices were implanted in a 5-m/o, 88-kg Cor-
riente calf. Continuously recorded pump parameters included rotational 
speeds, flow, arterial pressure, and left and right atrial pressures. We 
evaluated end-organ function, hematologic parameters (including arte-
rial blood gases, cell counts, chemistries, hemolysis, coagulation param-
eters, and neurohormone levels), and the calf’s overall health. Results: 
Blood gases, cell counts, and chemistries were within normal ranges; 
BUN was 7.7 ± 2.1 mg/dL, Cr 0.7 ± 0.2 mg/dL, SGOT 285.3± 393.5 
IU/L, and SGPT 23.5 ±21.3 IU/L. There was no evidence of hemolysis 
(plasma-free Hgb 3.02 ± 1.73 mg/dL) or thrombosis. The calf maintained 
normal physiology, mentation, appetite, and activity for the 90-day study 
duration, and at necropsy, all end-organs were normal. All anastomosis 
sites were well healed. All metal CFTAH blood-contacting surfaces were 
free from thrombus, and all non-metal blood-contacting surfaces were 
well endothelialized and thrombus-free. conclusions: CFTAH technol-
ogy for cardiac replacement was safe and effective for 90-day support 
in our calf model, with no evidence of any adverse effect on end-organ 
function or of blood tissue alteration.

seveN-yeAR exPeRieNce with A coNtiNuous-flow totAl 
ARtificiAl heARt iN cAlves
Kelly M Harms, William E Cohn, Steven M Parnis, Jeff L Conger, Jo A 
Winkler, OH Frazier. Texas Heart Institute, Houston, TX.

background and Purpose: Over the last 7 years, we have developed 
and evaluated techniques for replacing the heart with a continuous-
flow total artificial heart (CFTAH) composed of 2 blood pumps. To bet-
ter understand the physiologic effects of non-pulsatile circulation, we 
have evaluated the CFTAH in 61 calves for up to 90 days. We describe 
our experience with the 25 calves that survived for 7 or more days. 
methods: We implanted dual axial (n=22) or centrifugal (n=3) pumps 
in calves (70-126 kg). Several iterations of customized atrial cuffs were 
developed to allow for proper fit, depending on the pump used. Arterial 
and pulmonary pressures (AoP, PAP), as well as left and right atrial pres-
sures (LAP, RAP) and pump parameters (speed, power, and flow) were 
monitored. Hematologic, biochemical, and neurohormonal levels were 
analyzed. At the end of each study, we performed a postmortem evalua-
tion.  Results: Calves survived between 7 and 90 (mean 21) days. Mean 
pressures (mmHg) were 91±17 (AoP), 25±8 (PAP), 15±7 (RAP), and 16±7 
(LAP). Flow was maintained at 8.9±1.7 L/min (right) and 9.4±2.1 L/min 
(left) by adjusting pump speeds. Hematologic, biochemical, and neuro-
hormonal values remained in the standard range. Seven animals under-
went treadmill exercise evaluations in which oxygen consumption (VO2) 
was found to be comparable to physiologic total body VO2. Although 
difficult to assess in many animals that developed morbidities refractory 
to treatment, in the 90-day term animal, end organs appeared unremark-
able and the CFTAH circuit appeared clean and free of thrombus. con-
clusion: Our experience shows that an animal can be physiologically 
and hemodynamically maintained by a CFTAH for up to 90 days.
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the effects of systemic ANd PulmoNARy coNtiNu-
ous blood flow Physiology oN micRovAsculAR geNe 
exPRessioN
Egemen Tuzun,1 Eva Schmelzer,2 Ergin Kocyildirim,2,3 Theresa W Fossum.1 
1Texas AM University Institute for Preclinical Studies, College Station, TX; 
2University of Pittsburgh McGowan Institute for Regenerative Medicine, 
Pittsburgh, PA; 3Department of Cardiothoracic Surgery, University of 
Pittsburgh, PA.

The purpose of this study was to assess the acute and chronic effects 
of total continuous systemic and pulmonary flow on microvascular gene 
expression in a bovine model implanted with dual Levitronix CentriMag 
Ventricular Assist System as a total cardiac replacement. Five cows under-
went placement of dual Levitronix CentriMag blood pumps, followed by 
fibrillation of the heart, thereby achieving a completely continuous sys-
temic and pulmonary circulation. We assessed the microvascular gene 
expression in skeletal muscle prior to fibrillation of the heart (baseline) 
and on postoperative days 1, 7, 14, 21 and 28 after the heart was fib-
rillated and the systemic and pulmonary flows were fully dependent 
on the dual continuous flow ventricular assist devices (CFVAD). We 
observed strong effects on skeletal muscle microvascular gene expres-
sions. In all animals, the expression of angiogenesis and cell-cell contact 
genes, such as VEGFR-1, occludin (OCLN), sprouty and tumor necrosis 
factor (TNF)-, was up- or down-regulated and these changes persisted 
until the study termination. Our pilot study suggested that fully systemic 
and pulmonary continuous blood flow physiology may result in altered 
microvascular gene expressions.

AoRtic vAlve PAthology ANd left veNtRiculAR Assist 
device imPlANtAtioN
Nikolay Dranishnikov, Alexander Stepanenko, Evgenij Potapov, Juliane 
Vierecke, Michael Dandel, Henryk Siniawski, Michael Huebler, Onnen 
Grauhan, Yu-Guo Weng, Thomas Krabatsch, Roland Hetzer. Department 
of Cardiothoracic and Vascular Surgery, Deutsches Herzzentrum Berlin, 
Germany.

introduction: Aortic valve regurgitation or the presence of mechani-
cal aortic valve prosthesis is a relative contraindication for implantation 
of left ventricular assist devices (LVAD). However, concomitant aortic 
valve replacement (AVR) by a biological prosthesis is one of the options 
in this situation. We analyzed our recent experience. methods: Between 
1.01.2008 and 15.01.2012, 318 adult patients were supported with a 
long-term implantable LVAD in our institution. In 19, AVR (6 redo and 
13 primary) was performed. Patients were divided into 2 groups accord-
ing to INTERMACS (IM) level: Group 1 (n=7) consisted of patients with 
IM level 1-2 and Group 2 (n=12) of IM level 3-4 patients. The control 
cohort included all other LVAD recipients during the studied period 
(n=299) and was similarly divided into two groups: Group 3 (n=162) 
with IM level 1-2 and Group 4 (n=137) with IM level 3-5. Perioperative 
data and outcomes were analyzed and compared (Group 1 compared to 
Group 3 and Group 2 to Group 4).  Results: CPB-time was significantly 
longer in Groups 1 and 2 compared with Groups 3 and 4 respectively 
(p≤0.001). Patients from Group 1 had a trend more often to develop right 
ventricular failure requiring a right ventricular assist device than those 
in Group 3 (p=0.09). ICU stay, duration of mechanical ventilation and 
in-hospital mortality in Group 1 were significantly higher than in Group 
3 (p<0.05). Patients from Group 2 have similar outcome compared to 
those from Group 4. conclusion: In stable patients simultaneous AVR 
and LVAD implantation are not associated with an impaired outcome. In 
patients with cardiogenic shock an additional AVR may impair outcome, 
therefore alternative techniques should be considered.

left veNtRiculAR Assist dRiveliNe fAiluRe AfteR 1 yeAR of 
suPPoRt: iNcideNce, oPeRAtive techNique ANd cliNicAl 
outcomes. siNgle-ceNteR exPeRieNce
Alexander Stepanenko, Nikolay Dranishnikov, Ewald Hennig, Friedrich 
Kaufmann, Juliane Vierecke, Beate Jurmann, Elke Lehmkuhl, Thorsten 
Drews, Hans Lehmkuhl, Yuguo Weng, Miralem Pasic, Evgenij V Potapov, 
Thomas Krabatsch, Roland Hetzer. Department of Cardiothoracic and 
Vascular Surgery, Deutsches Herzzentrum Berlin.

background:  In the last decade the duration of support in patients 
treated with left ventricle assist devices (LVAD) significantly increased. 
Consequently, patients are at risk of driveline damage requiring emergency 
surgical treatment (pump exchange, explantation or heart transplantation). 
methods: We evaluate incidence of driveline damage, surgical therapy 
options and clinical outcomes in total of 200 patients who were supported 
for over 1 year with rotary blood implanted at our institution. Results: In 
a total of 18 pts supported with different rotary pumps driveline damage 
occurred at a median of 886 days (range 351-1471). The median age was 
58 (range 28-74) years, one of them female. See table 1. 3 pts received 
heart transplantation. One patient died before device exchange and in one 
the device was explanted after 763 days showing myocardial recovery. In 
13 others the device was exchanged (5 with cardiopulmonary bypass and 
8 without). There was no perioperative mortality. In 2 pts temporary RVAD 
support was necessary for 18 and 4 days. conclusion: Pump exchange 

or heart transplantation 
in eligible candidates is 
a life-saving procedure 
with acceptable clinical 
outcomes for patients 
who suffer driveline 
failure. Regular evalu-
ation of technical com-
ponents including X-ray 
of the intracorporeal 
driveline after 1 year of 
support may early iden-
tify driveline damage.

A cAse seRies evAluAtioN of the imPellA 5.0 PeRiPheRAl left 
veNtRiculAR Assist device
Daniel Rinewalt,1 Richard Lee,1 Edwin C McGee Jr,1 Patrick M McCarthy,1 
Robert Gordon,2 William Cotts,2 S Chris Malaisrie.1 1Division of Cardiac 
Surgery, Northwestern University, Feinberg School of Medicine, Bluhm 
Cardiovascular Institute at Northwestern Memorial Hospital, Chicago, 
IL; 2Division of Cardiology, Northwestern University, Feinberg School 
of Medicine, Bluhm Cardiovascular Institute at Northwestern Memorial 
Hospital, Chicago, IL.

background: Many devices provide support in cardiogenic shock 
(CGS). Our study evaluates the Impella 5.0 in unloading the left ventricle 
(LV), decreasing myocardial oxygen consumption (MVO2) and acting as 
a bridge to recovery. methods: We reviewed six patients in CGS and col-
lected data before Impella insertion: blood pressure, mean arterial pres-
sure, pulmonary artery pressure, wedge pressure, cardiac output (CO), 
ejection fraction, pulse and central venous pressure. Device placement 
was via axillary (50%) or femoral (50%) artery with data entered into 
a simulator. Baseline pressure-volume (PV) loops were generated with 
simulator predicted improvements used to create additional PV loops. 
Pressure-volume area (PVA) and MVO2 were calculated. These values 
along with measured CO and pulmonary artery diastolic pressure (PAD) 
were compared before and after device placement with a paired t-test. 
 Results: PV loops revealed a decrease in end systolic/diastolic volume, 
preload and stroke work after device placement. PVA (12316 to 9427) 
and MVO2 (15.6 to 13.5) decreased compared to baseline (p<.01). 
Measurements of CO improved but did not reach significance (4.2 to 
5.1, p=0.06), however the PAD decreased significantly (27.7 to 18, 
p=0.01) all with minimal inotropic support. One patient did not recover 
from heart failure, two patients underwent transplant and three were 
bridged to recovery.  conclusions: Our study suggests the Impella 5.0 
supports patients in CGS indicated by improvements in CO and PAD. 
We illustrate decreased PVA and MVO2 as surrogates for LV unloading 
and reduced workload which have been shown to improve myocardial 
recovery. Further studies are needed to confirm these findings.

Table 1. Perioperative data.

Parameters INCOR I HeartMate II DuraHeart HeartWare

Support >365 
days, n

 61  66  7  66

Cum. Follow-up, 
pat./y.

146 145 19 101

Driveline failure, n   8   8  2 -
Pump exchange: 

on-pump/
off-pump 
procedure, n

2/6 5/3 2/0 -
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RelAtioNshiP betweeN heARt RAte ANd PumP flow iN 
PAtieNts imPlANted with coNtiNuous flow left veNtRicu-
lAR Assist devices (lvAd)
Kavitha Muthiah,1 Desiree Robson,1 Robyn Walker,1 James Otton,1 Andre 
Tay,1 Peter Macdonald,1 Anne Keogh,1 Eugene Kotlyar,1 Phillip Spratt,2 
Kumud Dhital,2 Emily Granger,2 Paul Jansz,2 Christopher S Hayward.1 
1Cardiac Failure and Transplant Unit, St. Vincent’s Hospital, Sydney, 
NSW, Australia; 2Cardiothoracic Surgery, St. Vincent’s Hospital, Sydney, 
NSW, Australia.

background: Continuous flow LVADS are the dominant mechanical 
support device. It is known that pump flow increases in response to exer-
cise, but whether this is due to the heart rate changes or to altered loading 
conditions is not clear. objective: We assessed the interaction between 
pump flow (L/min) and heart rate at constant pump speed in stable patients 
implanted with the HeartWare LVAD. methods: Nine stable patients ( 6 
M, 3 F) with implantable defibrillators/pacemakers were studied. Baseline 
pump/echo readings were recorded with the patient supine. HR was then 
adjusted from baseline by increasing the pacing rate by 10 bpm every 2 
mins up to a maximum of 40 bpm above baseline heart rate (n=9) and then 
decreasing until 30 bpm below baseline heart rate in patients who were 
pacemaker dependent (n=4).  Results: Mean patient age was 51.3years, 
and study performed at a mean of 151days post implant. 5 patients were 
in SR, 3 in paced rhythm and one in AF. Median pump speed was 2600 
RPM. Despite significant increases and decreases in heart rate, there was 
no effect on Flow, LVEDD or MAP (Table 1). conclusion:  Centrifugal 
cfLVAD flows are not significantly affected by changes in pac-
ing rate. Exercise induced changes in pump flows are likely to be 

related to 
altered load-
ing condi-
tions, rather 
than changes 
in heart rate.

feedbAck coNtRol of A left-veNtRiculAR Assist device
Erol Sezer, Berke Gur, Kamuran Kadipasaoglu. Bahcesehir University, 
Istanbul, Turkey.

Excessive LV unloading by continuous-flow LVADs may interfere with 
aortic valve opening and may reduce or remove the arterial pulse, both 
clinically undesirable phenomena. We present a fuzzy integral control 
algorithm that adjusts instantaneous pump flowrate (qp, L/sec) to regulate 
average aortic blood flow (Q, L/min). qp is formed of a sinusoidal pulse 
sequence with controlled amplitude and pulsewidth and placed within 
the cardiac cycle so as to provide sufficient systolic LV unloading and aor-
tic pulse as well as diastolic aortic pressure. Mean aortic pressure (MAP), 
which is proportional to Q, is used as feedback variable while amplitude 
and pulsewidth of qp are control variables. Ventricles are modeled by 
time-varying elastances in Simulink, while systemic and pulmonay ves-
sels (including the coronary arteries) and atria are represented by com-
pliance and resistance Windkessels. Exercise is simulated by increased 
right atrial return and systemic arterial resistance, while systolic failure is 
represented by severely decreased LV end-systolic elastance. Excessive 
LV unloading (Figure: No LV ejection) was eliminated within 8 beats 
and MAP remained above 100 mmHg for 4.8 < Q (L/min) < 8. We con-
clude that Q was successfully controlled during assistance of the failed 
LV under resting and exercise conditions. The algorithm can easily be 
implemented clinically since it only requires measurement of MAP.

cliNicAl outcomes iN oldeR PAtieNts with coNtiNuous 
flow left veNtRiculAR Assist devices
Ashim Aggarwal,1 Priya Sharma,1 Antone Tatooles,2 Pat Pappas,2 Geetha 
Bhat.1 1Center for Heart Transplant and Assist Devices, Advocate Christ 
Medical Center, Oak Lawn, IL; 2Cardiothoracic Surgery, Advocate Christ 
Medical Center, Oak Lawn, IL.

Purpose: There are an increasing number of older heart failure patients 
being evaluated for left ventricular assist devices (LVADs). The clinical 
outcomes in this patient population have not been well studied. The aim 
of this study was to determine outcomes in patients older than 70 years. 
methods: Data on 73 patients with Heart Mate II LVADs for destination 
therapy was evaluated retrospectively in patients dichotomized based on 
their age. Statistical analysis was done using chi square and student’s t 
test.  Results: The mean age of patients was 61.2±11.2 years with major-
ity being males (n=59,81%). The mean duration of VAD support was 
22.2±15.7 months. Both the groups were comparable in terms of demo-
graphics (race, BMI, BSA) and comorbidities (renal failure, diabetes mel-
litus, hypertension or hyperlipidemia). While the older patients had a 
higher incidence of (greater than mild) AI post VAD implantation, there 
was no significant difference in gastrointestinal bleeding, or mortality.

conclusion: Older patients with LVADs appear to have similar complica-
tions (except a higher incidence of AI) as the younger population. Their 
survival rates are also similar at 2 years. Advanced age should not be a 
sole contraindication to LVAD therapy.

iNcideNce ANd PRogNostic sigNificANce of mitRAl ReguRgi-
tAtioN iN coNtiNuous flow left veNtRiculAR Assist devices
Ashim Aggarwal,1 Priya Sharma,1 Rashmi Raghuvir,2 Antone Tatooles,3 
Pat Pappas,3 Geetha Bhat.1 1Heart Transplant and Assist Devices, 
Advocate Christ Medical Center, Oak Lawn, IL; 2Cardiology, Advocate 
Christ Medical Center, Oak Lawn, IL; 3Cardiothoracic Surgery, Advocate 
Christ Medical Center, Oak Lawn, IL.

Purpose: Presence of significant mitral regurgitation (MR) in patients 
with Continuous Flow Left ventricular assist devices (CF-LVADs) might be 
an early sign of VAD dysfunction. The aim of the study was to evaluate 
the incidence of MR(greater than mild) in patients with CF-LVADs and 
to assess its prognostic significance. methods: Data on 73 patients with 
Heart Mate II LVADs was evaluated retrospectively and patients assessed 
on basis of presence/absence of MR. Echocardiograms were done and 
assessed for severity of MR at 0-3,3-6,6-9,9-12,12-18,18-24 months post 
VAD implant for all patients.  Results: The mean age of patients was 61years 
with majority being caucasian (n=39,54%) and males (n=59,81%). The 
mean duration of VAD support was 22.2+/-15.7 months. Nine(12.7%) 
patients developed moderate MR at a mean of 20.6 months, none had 
severe MR. In multivariate regression model, MR was an independent pre-
dictor of mortality (OR 11.1, CI 1.7-69.9; p=0.01) after adjusting for age, 
renal dysfunction, months of VAD support and hypertension. None of the 
factors predicted development of MR in the regression model. 

conclusion: Development of significant MR in patients with otherwise 
normal VAD function is associated with an increased risk of adverse 
clinical outcomes and needs careful  monitoring.

Table 1. Clinical Characteristics Based on MR

MR
Age 

(years)
VAD Speed 

(RPM)
Pulsatility 

Index

LV end 
systolic 

diameter 
(cm)

LV end 
diastolic 
diameter 

(cm)

Duration 
of VAD 
support 
(Months) Death

Present (9,12.3%) 67±6.5 8765.5±1633.9 5.2±0.7 5.3±1.1 5.8±1.1 32.41±22.5  4(44.4%)
Absent (64,87.7%) 60.4±12.3 9027.9±1066.8 4.9±0.8 5.2±1.4 5.8±1.4 21.07±14.5 10(15.6%)
P Value 0.02 0.65 0.32 0.80 0.96 0.23 0.06

Table 1. Clinical characteristics based on age

Age (years)
Creatinine 

(mg/dl) Diabetes Hypertension

Months of 
VAD  

support
Aortic 

Insufficiency
Gastrointestinal 

Bleed Death

<70 (n=55,  
 75.3%)

1.22±0.37 17 (30.9%) 34 (47.9%) 22.29±16.26 17 (30.9%) 10 (18.1%) 10 
(18.1%)

≥70 (n=18,  
 24.7%)

1.27±0.40  9 (50.0%) 10 (55.5%) 22.24±14.44 10 (55.5%)  6 (33.3%)  4 
(22.2%)

P-value 0.62 0.15 0.78 0.99 0.04 0.20 0.74

Table 1.

Baseline 
(n=9)

Max Heart 
Rate (n=9) p

Baseline 
(n=4)

Min Heart 
Rate (n=4) p

Heart Rate 85.5+/-16.2 126.1+/-16.9 0.001 77.5+/-12.7 57.0+/-17.9 0.002
Flow (L/min) 5.22+/-1.31 5.16+/-1.28 0.91 4.40+/-0.53 4.40+/-0.56 1.00
MAP (mmHg) 75.0+/-11.0 72.6+/-5.7 0.58 79.3+/-3.0 78.0+/-2.3 0.34
LVEDD (mm) 55.0+/-12.9 53.9+/-17.2 0.88 45.3+/-16.7 45.5+/-15.6 0.91
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PumP flow estimAtioN fRom PRessuRe heAd ANd PoweR 
uPtAke foR the heARtAssist 5, the heARtmAte ii ANd the 
heARtwARe vAds
Kim Pennings,1 Jerson Martina,3 Ben Rodermans,4 Jaap Lahpor,3 Frans 
van de Vosse,2 Bas de Mol,1 Marcel Rutten.2 1Department of Cardio 
Thoracic surgery, Academic Medical Centre, Amsterdam, Netherlands; 
2Department of Biomedical Engineering, Eindhoven University of 
Technology, Netherlands; 3Department of Heart and Lungs, University 
Medical Center Utrecht, Netherlands; 4Department of Medical 
Technology, University Medical Center Utrecht, Netherlands.

In the near future long term mechanical support by means of 
implanted Left Ventricular Assis Devices (LVAD) will increase to achieve 
recovery or as destination therapy in heart failure. The effectiveness and 
user friendliness depends on the development of physiological control 
strategies of which accurate estimation of pump flow is essential. In this 
study, two pump models, estimating pump flow (Q) from pump speed (n) 
and pressure head (H) or power uptake (P), were developed and applied 
for HeartAssist 5 (HA5), HeartMate II (HMII) and HeartWare (HW) VAD. 
Models estimating pump flow from other pump parameters were devel-
oped based on static characterization experiments with blood, measur-
ing pump parameters at different pump speeds and loading conditions. 
Static pump flow was estimated accurately from pressure head in all 
three pumps. Due to the similarity in shape of the HQ-curves at different 
pump speeds, it was possible to scale pump flow and pressure head with 
n and n² respectively. In HA5 and HMII it appeared not possible to cor-
rectly estimate axial flow by using pump models, exclusively based on 
power uptake. Changes in pump flow corresponded with small changes 
in power uptake. Due to the non-monotonous relation between Q and 
P, low pump flows were overestimated when assuming an increase in 
pump flow with an increase in power uptake. For the HW, pump flow 
increased linearly with power uptake, resulting in a pump model which 
estimates static pump flow accurately. Static pump models based on 
power uptake and pump speed yield an estimated pump flow which 
deviates up to 4 L/min in the HA5 and HMII. The HW is best suited for 
this kind of flow estimation.

use of imPellA® As AN AdjuNct foR left veNtRiculAR 
uNloAdiNg duRiNg ecmo suPPoRt ANd As A bRidge to 
heARtmAte® ii left veNtRiculAR Assist device iN Acute cAR-
diogeNic shock
Allen Cheng, Michael F Swartz, H Todd Massey. Division of Cardiothoracic 
Surgery, University of Rochester, NY; Division of Cardiothoracic Surgery, 
University of Rochester, NY; Division of Cardiothoracic Surgery, 
University of Rochester, NY.

introduction: VA ECMO is an established therapeutic option for ree-
astablishing normal oxygen delivery and end-organs perfusion. However, 
VA ECMO has its limitation including LV thrombus formation, persistent 
insufficient LV unloading with increased LV wall stress, worsened pulmo-
nary edema and impedence of right heart function. Impella® has been 
used for LV unloading in the setting of cardiogenic shock and postcar-
diotomy patients. We present our experiences in the use of Impella® as 
an adjunct for LV decompression during ECMO support and as a bridge 
to HeartMate II LVAD in acute cardiogenic shock. methods: Emergently 
deteriorating patients with acute cardiogenic shock were placed on VA 
ECMO. Echo was obtained and PA catheter was placed. In patient with 
profound LV dysfunction, Impella® 2.5 was inserted percutaneously via 
femoral artery in the cath lab. ECMO and Imeplla is continued until 
end organ function is optimized. The patientts who responded and 
are suitable candidate for transplant are transition to HeartMate II as 
a bridge.  Results: Five patients (19-63 y/o) presented with acute car-
diogenic shock and inadequate LV unloading. Four patients have acute 
myocardial infarction and one has post-partum nonischemic cardiomyo-
pathy. Four patients have improved LV unloading and improved end-
organ function and were successfully transitioned to HeartMate II LVAD. 
 conclusion: Impella® can be used as a feasible and safe mean to unload 
LV in patients on VA ECMO to prevent acute pulmonary hypertension, 
severe pulmonary edema and LV thormbosis in patients transitioning to 
HeartMate II placement.
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Bivalirudin and EpoprostEnol infusions as an altErna-
tivE anticoagulation stratEgy in pEdiatric patiEnts on 
long-tErm BErlin HEart EXcor vEntricular assist dEvicE 
support
Jennifer M Rutledge,1 Sujata Chakravarti,2 M Patricia Massicotte,1 Holger 
Buchholz,3 David B Ross,3 Umesh Joashi.2 1Pediatrics, University of 
Alberta, Edmonton, AB, Canada; 2Pediatrics, Mount Sinai Medical Center, 
New York University, New York, NY; 3Surgery, University of Alberta, 
Edmonton, AB, Canada.

Thromboembolic events while on ventricular assist devices (VAD) 
remain a concern. We report a novel strategy for pediatric patients on 
long-term VAD support that have failed conventional therapy. Retrospec-
tive review of pediatric patients treated with bivalirudin/epoprostenol 
(BV/EP) while on VAD support. Six patients (0.8-14 yr; 6.7 - 29.7 kg) 
were treated. Diagnoses included cardiomyopathy (2); congenital heart 
disease (4). VAD support was LVAD (2) and BiVAD (4) with duration of 
support 21-155d; 3 patients required ECMO prior to VAD. BV/EP was 
used following recurrent thromboses on conventional medication (3), 
heparin-induced thrombocytopenia (2) and one patient considered high 
risk with a prosthetic mitral valve (1). BV dose was titrated to PTT 1.5-2X 
baseline (0.1-0.8 mg/kg/hr); EP dose ranged 2-10 ng/kg/min. Additional 
antiplatelet agents included ASA (5), dipyridamole (5), clopidogrel (5). 
No bleeding complications occurred. One patient suffered a cerebrovas-
cular infarct on therapy with subsequent complete recovery. No other 
complications occurred. Five patients were successfully transplanted 
and one patient died due to multi-system organ failure. This is the first 
report of bivalirudin and epoprostenol as an anticoagulation strategy in 
pediatric patients on long-term VAD support with few adverse events. 
The short drug half life facilitated conversion to standard regimens at 
the time of transplantation (HIT negative patients). Long term vascular 
access is required for use. Bivalirudin and epoprostenol should be con-
sidered for management of pediatric VAD patients who have failed stan-
dard regimens.

platElEt-dErivEd microparticlE gEnEration of Ecmo sys-
tEms at simulatEd flow ratEs for nEonatEs
Andrew DJ Meyer,1 Andrew A Wiles,2 Oswaldo Rivera,3 Robert J 
Freishtat,2 Khoydar Rais-Bahrami.3 1Pediatric Critical Care, UT Health 
Science Center, San Antonio, TX; 2Research Center for Genetic Medicine, 
Children’s National Research Institute, Washington, DC; 3Hospital-Based 
Subspecialties, Children’s National Medical Center, Washington, DC.

Platelets are the most commonly transfused blood product during 
extracorporeal membrane oxygenation (ECMO). Research has shown 
that besides their procoagulant properties, platelets are also important 
mediators of inflammation. Specifically, the release of platelet-derived 
microparticles (PMP) has emerged as a biomarker for increasing throm-
bogenicity and an inflammatory state. Few if any studies have examined 
the generation of PMPs in a neonatal ECMO system. The purpose of 
this study was to examine the generation of microparticles in a variety 
of pediatric ECMO systems. methods: Three newer components (Jostra 
Rotaflow centrifugal pump, Quadrox-D and Quadrox-iD Pediatric Oxy-
genator, Maquet, Wayne, NJ) were compared to the standard roller-head 
pump (Jostra, Maquet, Wayne, NJ) and silicone membrane oxygenator 
(Medtronic, Minneapolis, MN) in a simulated in vitro ECMO circuit cir-
culating whole swine blood at 300 ml/min. Five circuit combinations 
were examined for hemolysis and microparticle generation during 6 hrs 
of continuous use. Hemolysis was measured by plasma free hemoglobin 
(fPH) using a spectrophotometer. Microparticle generation was mea-
sured using flow cytometry.  results: All of the ECMO systems created 
fPH at a similar rate as compared to the static. The circuits with a cen-
trifugal pump had a significantly increased microparticle event rate com-
pared to the roller pump; 5.64 events/min vs. 0.88 events/min (p<0.001), 
respectively. summary: In a low-flow neonatal environment, centrifugal 
pumps generate more microparticles when compared to roller-head 
pumps. Further study examining if the generation of microparticles dur-
ing ECMO will predict patient outcomes is needed.

twistEd cardiovascular cagEs for intravascular aXial 
flow Blood pumps to support tHE fontan pHysiology
Amy L Throckmorton, Emily A Downs, Steven G Chopski. Mechanical 
and Nuclear Engineering, Virginia Commonwealth University.

Failing single ventricle physiology represents an ongoing challenge in 
mechanical assist device development, requiring pressure augmentation 
in the cavopulmonary circuit, reduction of systemic venous pressure, 
and increased cardiac output to achieve hemodynamic stabilization. To 
meet these requirements, we are developing a percutaneously-placed, 
axial flow blood pump to support ailing single ventricle physiology in 
adolescents and adults. We have modified the outer cage of the device to 
serve as both a protective and functional design component. This study 
examined the performance of 3 cage geometries with varying directions 
of filament twist using numerical simulations and hydraulic experiments. 
All 3 cage and pump models performed in acceptable ranges to support 
Fontan patients. The cage design employing filaments, which are twisted 
in the opposite direction of the impeller blades and in the direction of 
the diffuser blades (against-with), demonstrated superior performance by 
generating a pressure rise range of 5-38 mmHg of flow rates of 0.5-6  
L/min at rotational speeds of 5000-7000 RPM. The blood damage indi-
ces for all of the cages were found to be well below 2%, and the scalar 
stress levels were also below 200 Pa. This study represents ongoing prog-
ress in the development of the impeller and cage assembly.

intravascular mEcHanical cavopulmonary assistancE 
of 3-d patiEnt-spEcific fontan configurations
Emily A Downs,1 William B Moskowitz,2 Amy L Throckmorton.1 
1Mechanical and Nuclear Engineering, Virginia Commonwealth 
University; 2Pediatric Cardiology, Virginia Commonwealth University.

This study numerically examined the performance of an intravascular 
axial flow blood pump for mechanical hemodynamic support of patients 
in the difficult setting of Fontan failure, which presently has few treat-
ment options. Three anatomically accurate models and an idealized 
model with and without a blood pump in the inferior vena cava (IVC) 
were computationally analyzed. Pressure-flow characteristics, energy 
gain calculations, and blood damage analyses were examined for each 
model. The pump produced pressures of 1-14 mmHg for 1500-4000 
RPM, flow rates of 1-4 L/min, and pulmonary artery pressures of 8-24 
mmHg. Comparison of pump performance among the 4 models showed 
minimal inter-model differences in the pressure rise generated by the 
pump, the IVC pressure, and the energy imparted to the system by the 
pump. Blood damage analysis showed maximum fluid scalar stress val-
ues of 372 Pa or less in all of the models, and the blood damage index 
was less than 2% in all of the models. These results suggest that this 
axial flow blood pump performs consistently in a variety of Fontan vessel 
geometries with low risk of blood trauma. The findings of this study sup-
port the continued design and development of this blood pump.

ASAIO PEDIATRICS ABSTRACTS



 ASAIO PEDIATRICS ABSTRACTS 47

dEsign and dEvElopmEnt of Ecmo (EXtra-corporEal mEm-
BranE oXygEnation) for nEwBorn rEspiratory failurE
Tomoya Shibata,1 Tatsuya Aoki,1 Satoshi Nakagawa,2 Norihiko Hata,3 
Kazuhiro Nonaka,4 Yasuhiro Fukui,1,4 Akio Funakubo.1,4 1Graduate 
School of Science and Engineering, Tokyo Denki University, Hiki-gun, 
Saitama, Japan; 2Anesthesia and Intensive Care, National Center for Child 
Health and Development, Setagaya-ku, Tokyo, Japan; 3Frontier Reserch 
and Development Center, Tokyo Denki University, Hiki-gun, Saitama, 
Japan; 4School of Science and Engineering, Tokyo Denki University, Hiki-
gun, Saitama, Japan.

The Extra-Corporeal Membrane Oxygenation (ECMO) system for adult is 
used to care for newborn infants. However, this usage of ECMO has prob-
lems such as the shortage of blood fill ration and the infection from transfu-
sion of blood. In this study, the automatic ECMO system was developed to 
use for newborn infants. The oxygenator with low blood fill ration that had 
0.3 m2 membrane area and 30 mL fill ration was fabricated by analysis 
based on Computational Fluid Dynamics (CFD). The blood volume that is 
circulated through a circuit was decreased to 30 % of conventional system. 
This ECMO system can be located on side of bed due to 1/50 of size and 
1/36 of weight by comparison with conventional system. Automatically, 
the improved system conducts control of low flow rate and optimal pres-
sure with microcomputer, and equips warming device to reduce heat loss 

in extracorporeal circula-
tion. To deal with change 
of blood flow rate in this 
system, the blood flow 
rate is controlled by 
using the self-regulation 
program that is mounted 
with non-contact pres-
sure sensor. There results 
indicated that the devel-
oped ECMO system 
can conduct automatic 
control of gas and blood 

flow rates in long period of time. Figure 1. Automatic controls of optimal 
pressure and low flow rate with microcomputer.

in vitro drug adsorption of anti-arrHytHmic agEnts in 
a nEonatal EXtracorporEal lifE support circuit
Andrew DJ Meyer,1 Andrew A Wiles,2 Victoria Basalyga,3 Oswaldo 
Rivera,4 Robert J Freishtat,2 David L Wessel.4 1Pediatric Critical Care, UT 
Health Science Center, San Antonio, TX; 2Research Center for Genetic 
Medicine, Children’s National Research Institute, Washington, DC; 
3Division of Pharmacy, Children’s National Medical Center, Washington, 
DC; 4Hospital-Based Subspecialties, Children’s National Medical Center, 
Washington, DC.

Extracorporeal membrane oxygenation (ECMO) can be a lifesaving 
procedure in the management of children with hemodynamic unstable 
primary arrhythmias. Studies evaluating the pharmacokinetics of anti-
arrhythmic drugs on ECMO are limited to case reports, therefore making 
definitive dosing recommendations implausible. ECMO increases the 
volume of distribution of drugs due to the blood prime and the bind-
ing of drugs to the circuit materials. The purpose of this research was 
to examine the percentage of drug absorption of two anti-arrhythmic 
drugs in a neonatal ECMO circuit. methods: In a pilot study(n=2), the 
adsorption of lipophilic Amiodarone was compared to less lipophilic 
Lidocaine in an in vitro neonatal ECMO circuit with and without an oxy-
genator circulating whole swine blood at 300 mL/min. The neonatal cir-
cuit consisted of a Rotaflow centrifugal pump and a Pediatric Quadrox 
Oxygenator (Maquet, Wayne NJ). Drug levels and hemolysis were deter-
mined by conventional techniques. Platelet count was measured using 
flow cytometry.  results: Average drug recoveries at 120 minutes in the 
circuits were 27.6% and 19.7% for Amiodarone and 38.7% and 28% 
for Lidocaine with and without the oxygenator, respectively. Area under 
the curve calculations showed no difference with or without the oxy-
genator. All of the ECMO systems generated hemolysis and had platelet 
loss at a similar rate compared to the control circuit. summary: Even in a 
small prime environment, a great percentage of anti-arrhythmic drugs are 
adsorbed into the components of an ECMO circuit with a trend toward 
a greater absorption of lipophilic drugs. Further study to correlate these 
results to patient care is needed.

analysis of Hydiaulic and HEmolytic pErformancE of an 
aXial Blood pump
Fangqun Wang, Zhibing Wang, Hao Wang, Teng Jing, Jianghua Ji, Kunxi 
Qian. Department of Bioengineering, Jiangsu Unversity, Zhenjiang City, 
Jiangsu Province, China.

Rotary blood pumps has been proved valid as the bridge to heart 
recovery or heart transplantion. We have developed an axial blood 
pump for the long-term mechanical circulatory support(MCS) for pediat-
ric applications. We applies the streamlined method to the axial pump 
which achieved successfully in the centrifugal pump with the hemolysis 
index (IH) of 0.015, but high IH more than 0.1 is found in the axial 
pump. Computational fluid dynamics(CFD) is applied to optimizing of 
impeller design to improve hydraulic and hemolytic performance. After 
analysis the numerial data using CFD, three groups of improved impel-
lers (A), (B), (C) are designed . The impellers (A) adopt streamlined design 
with OD of 13mm and 15mm. The impellers (B) have the same design 
as impellers (A), except for the length, extended from 10mm to 20mm. 
The impellers(C) have the same and unchanged vane angles from inlet 
to outlet, and they are 60°, 45° and 30° respectively. Both hydraulic and 
hemolysis tests have been conducted in a mock circulation. The results 
show that at the rotating speed of 10000rpm and flow rate of 3L/min, 
differential pressure of the pump (A) reaches 55mmHg and 60mmHg for 
OD of 13mm and OD of 15mm respectively, and that of the pump (B) 
reaches 58mmHg and 102mmHg for OD of 13mm and OD of 15mm 
respectively, and that of the pump (C) reaches 37mmHg , 63mmHg and 
101mmHg for vane angle 60°, 45° and 30° respectively. Hemolysis tests 
were conducted with a differential pressure of 40mmHg and a flow rate 
of 3L/min and the minimum IH of the axial pump reaches 0.06, lower 
than permissible value 0.1. This paper provides a basis for designing the 
ultimate micro axial blood pump applied to in vitro and in vivo.

administration of antitHromBin concEntratE in 
infants and cHildrEn on Ecls improvEs anticoagulation 
Efficacy
Lindsay M Ryerson, Aisha K Bruce, Laurance Lequier, Satvinder Ghotra, 
M Patricia Massicotte, Mary E Bauman. Pediatrics, Stollery Children’s 
Hospital, Edmonton, AB, Canada.

Unfractionated heparin (UFH) is required in children on extracorpo-
real life support (ECLS) to maintain circuit patency. When high dose UFH 
is inadequate to maintain an anticoagulant effect, the addition of anti-
thrombin concentrate (ATC) is one method of increasing antithrombin 
(AT) levels and heparin effect. The half-life of ATC is greater than two 
days, but it may be consumed in a few hours in coagulopathic infants. 
The supplier recommended dose is 50 U/kg. In Canada, ATC is supplied 
in ~1000U vials and costs ~$1Cdn/U. The primary objective of this study 
was to review our experience giving a whole vial of ATC to patients on 
ECLS and heparin anticoagulation. Specifically, we wanted to examine 
AT levels pre and post administration of high dose ATC, evaluate the 
efficacy of high dose ATC administration as measured by the level of 
anticoagulation, evaluate the sustainability of effect and the incidence 
of adverse effects. A retrospective chart review of all infants and children 
on ECLS with UFH who received ATC between June 2008 and May 2011 
at Stollery Children’s Hospital, Edmonton, Canada was performed. 89 
doses of ATC were administered to 38 patients with a median age of 
1.2 months (IQR 0.33-188.6) on extracorporeal membrane oxygenation 
(ECMO) or ventricular assist device (VAD). Median dose of ATC was 
294U/kg (IQR 25-512). Mean AT level pre administration was 0.42 and 
0.89 post administration (P<0.001). Mean UFH level increased from 
0.23 pre AT administration to 0.37 (P<0.001). There were no associated 
adverse events including bleeding. The administration of high dose ATC 
is safe and increases the binding sites for UFH as reflected by increased 
UFH level.
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BiocompatiBility tEsting of tHE frozEn dEsign pEdia-
flow® pEdiatric vad
Salim E Olia,1,2 Timothy M Maul,1,2,3 Amanda R Daly,1,2 Peter D Wearden,1,3 
James F Antaki,1,4 Harvey S Borovetz,1,2 Marina V Kameneva.1,2 1McGowan 
Institute for Regenerative Medicine, University of Pittsburgh; 2Department 
of Bioengineering, University of Pittsburgh; 3Children’s Hospital of 
Pittsburgh, University of Pittsburgh Medical Center; 4Department of 
Biomedical Engineering, Carnegie Mellon University.

Pre-clinical testing of the PediaFlow Gen 4 ventricular assist device 
(VAD) was performed in vitro and in vivo. Three Gen-4 devices were 
evaluated in vitro at three flow rates (0.5, 1.0, and 1.5 L/min) for two 
hours each using ovine blood. The normalized index of hemolysis (NIH) 
was low and decreased with each pump iteration, which we attribute 
to progressively improved manufacturing. The NIH for the PF4.5 pump 
did not exceed 0.005 g/100L. PF4.3 was evaluated twice in vivo for five 
and fifteen days using the ovine model. The pump was placed via left 
thoracotomy using a modified 18 fr right angle DLP-style inlet cannula 
inserted into the apex of the left ventricle and a 5 mm ePTFE outflow graft 
anastomosed to the descending aorta. Both studies were ended prema-
turely due to weepage of the ePTFE leading to significant loss of plasma 
and attendant hypovolemia. Pump performance was unremarkable in 
both studies with no hemolysis observed indicating minimal mechanical 
blood trauma. Necropsy of the first animal revealed a severe constriction 
at the anastomosis site but both kidneys were free of infarction. The sec-
ond animal exhibited protein deposition surrounding the outflow can-
nula, and a moderate infarction was found on the left kidney. All future 
studies will employ non-permeable outflow grafts as we progress to the 
final series of in vivo studies for a clinical trial scheduled for 2013.

dEvElopmEnt of a pEdiatric oXygEnator witH intEgratEd 
pulsatilE pump and HEat EXcHangEr
Ralf Borchardt, Peter C Schlanstein, Jutta Arens, Ilona Mager, Thomas 
Schmitz-Rode, Ulrich Steinseifer. Department of Cardiovascular 
Engineering, Institute of Applied Medical Engineering, RWTH Aachen 
University, Aachen, Germany.

purpose: It is advantageous to reduce priming volume and surface 
areas of extracorporeal circuits, particularly for pediatric applications. 
To reduce the required priming volume the heat exchanger, pump, and 
oxygenator can be combined into a single device. methods: Flexible 
silicone tubes (Øi 2 mm, Øo 2.6 mm) were placed within an oxygen-
ators fiber bundle. The tubes expand and collapse due to tempered water 
pulsed through the tubes. In combination with magnetic pinch valves at 
the oxygenator’s in- and outlet they pump a pulsatile flow through the 
oxygenator, while the tempered water exchanges heat. PMP fibers were 
used for gas exchange, while restricting plasma leakage allowing for 
prospective long term operation. The pulsating tubes actively distribute 
blood inside the oxygenator, potentially reducing risks of recirculation 
areas and shunt flows. results: Gas and heat exchange were measured 
in-vitro, using porcine blood, following ISO 7199. Blood flows up to 600 
ml/min could be achieved. Gas transfer rates were at least 29.6 mlO2/
min and 28.5 mlCO2/min respectively. Heat exchanger efficiency varied 
between 19 and 46%, depending on the blood flow. Priming volume 
was 24 ml, gas exchange area was 0.25 m² and heat exchange area was 
0.017 m². conclusions: The in-vitro results demonstrate the feasibility of 
using silicone tubes inside an oxygenator as a pulsatile pump and heat 
exchanger. Although the heat exchange efficiency was lower than for 
commercially available devices, it is sufficient to compensate heat loss 
in short loops. This principle of combining an oxygenator, pump, and 
heat exchanger could potentially expand the range of future applications 
as it allows for the design of compact devices.

in-vivo HEmocompatiBility of HEparinizEd Hollow fiBEr 
mEmBranEs of tHE pEdiatric pump-lung (pEdipl) dEvicE
Narayana Garimella,1 , Bartley P Griffith,1 Zhongjun J Wu.1 1Department 
of Surgery, University of Maryland Baltimore, MD; 2Thoratec Corporation, 
Waltham.

purpose: Large blood contact surface area of Hollow fiber mem-
branes (HFMs) of oxygenators necessitates the application of sustain-
able hemocompatible modification to their outer blood contacting 
surfaces. The aim of this study was to improve the biocompatibility per-
formance and attain durability of the PediPL device by immobilizing 
a complex of heparin and quaternary ammonium salts over the HFM 
surfaces.  methods:  Heparin and quaternary ammonium salt complex 
solution of 2% concentration was diluted to yield 0.2% concentration 
and was applied to the blood contacting surfaces of the PediPL device. 
This coated device was evaluated with a non-coated PediPL device con-
nected in parallel in an acute in-vivo experiment conducted on sheep 
model for six hours. An identical blood flow rate and sweep gas was 
maintained with both devices throughout the experiment. Biological 
quantification methods and electromagnetic characterization techniques 
were applied for post experimental evaluation. Results and Conclusions: 
LDH assessments of adhered platelets were quantified to be 646 X 103 
platelets/cm2 on non-coated fibers against a zero value for the coated 
ones. Scanning electron microscopy observations of surfaces revealed 
that 50-80% of binders and 10-40% of membrane surfaces were covered 
with thrombus for the non-coated device and the values were negligible 
for the coated device. Histological staining had also revealed no throm-
bus on coated membrane surfaces in comparison with the non-coated 
ones. Conclusion: Heparinized HFMs in this work had no adverse physi-
ological effects on sheep and improved biocompatibility of the coated 
device was demonstrated. This study will be the basis for our future stud-
ies.

nEonatoX: a pumplEss EXtracorporEal lung support for 
prEmaturE infants
Jutta Arens,1 Mark Schoberer,2 Aileen Erben,2 Thorsten Orlikowski,2 
Daan Ophelders,3 Reint K Jellema,3 Boris W Kramer,3 Petra De 
Brouwer,2 Thomas Schmitz-Rode,2 Ulrich Steinseifer.2 1Department of 
Cardiovascular Engineering, Institute of Applied Medical Engineering, 
RWTH Aachen University, Aachen, Germany; 2Section Neonatology 
of the Department of Paediatric and Adolescent Medicine, University 
Hospital, RWTH Aachen University, Aachen, Germany; 3Department 
of Paediatrics, School of Mental Health and Neuroscience; School of 
Oncology and Developmental Biology; Maastricht University Medical 
Center, Maastricht, Netherlands.

Immaturity of the lung regularly impairs the gas exchange in preterm 
infant. The resulting mechanical ventilation in order to maintain vital 
oxygenation and CO2-elimination causes mechanical and inflamma-
tory destruction of lung tissue. Due to the size of currently available 
oxygenators and cannulas extracorporeal oxygenation is no treatment 
option. We hypothesized that by maintenance of the fetal cardiopulmo-
nary bypass and interposition of a tailored passively driven membrane 
oxygenator a substantial improvement in gas exchange can be achieved. 
We used modified 14 Ga. catheters for cannulation. The ideal length was 
investigated on premature lambs (n1 = 6) for max. flow, resistance, and 
viability. A requirement specification for the complete ECC was based on 
the collected data. A second (n2 = 4) and third test series (n3 = 7, 2293 
g ± 812, 132 days ± 0 gestational age (term: 150 days)) on premature 
Texel lambs showed the proof of principle of the novel pumpless extra-
corporeal lung assist (ECLA) circuit. Based on the first in-vivo-results an 
oxygenator with 0.116 m² gas exchange surface area and 14 ml priming 
volume (21 ml incl. tubing) was designed, produced and tested. In-vitro 
we measured a typical gas exchange of 82 mlO2/lblood and 73 mlCO2/lblood 
at 120 ml/min blood flow. In-vivo we observed a mean blood flow of 
108 ± 11 ml/min through the extracorporeal circuit. Pulmonary ventila-
tion could be interrupted by endotracheal tube clamping for up to 5 
hours. All animals were hemodynamically stable. In close cooperation 
of engineers and neonatologists we developed a pumpless ECLA suit-
able for premature lambs. This might be one step towards the use of an 
oxygenator as an artificial placenta.
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acutE in-vivo Evaluation of circulitE cHild cannula 
concEpts
Arielle Drummond,1 Bryan Fritz,1 Robert Farnan,1 Xufeng Wei,2 Zhongjun 
Wu,2 Bart Meyns,3 Yanping Cheng,4 David Morales,5 Geng Hua Yi,4 Gail 
Farnan,1 Bartley Griffith.2 1CircuLite, Inc.; 2University of Maryland; 3UZ 
Leuven; 4Jack H. Skirball Center for Cardiovascular Research; 5Texas 
Children’s Hospital.

Two Child Cannulae and corresponding Sewing Ring concepts were 
evaluated during two series of acute in-vivo studies. The overall purpose 
of the studies was to select an off-pump apical cannula concept to use 
in the CircuLite Child System that will undergo long-term animal (60 
day) evaluation. A 15kg porcine animal was selected as the model for 
these studies, due to a comparable ventriclular size anticipated in the 
target population. Initial evaluations consisted of two adjustable depth 
cannulae with mating sewing ring concepts (n=6) and assessed the ease 
of implantation as well as the placement of the cannula tip within the 
left ventricle (LV). One preferred concept was selected from these evalu-
ations but additional design modifications to the profile of the cannula 
extending from the LV apex and the adaptability to account for various 
ventricular wall thicknesses were necessary. As a result of these adapta-
tions, two low profile concepts were developed and evaluated further. 
In these studies (n=6), the ease of surgical implantation was evaluated as 
well as cannula tip depth and ventricular wall thickness. Gross examina-
tion demonstrated the cannulae were securely fastened to the ventricle 
with no visible damage to the inner ventricular wall from the placement 
of the cannula tip. From these studies one cannula/ sewing ring com-
bination was selected for further evaluation. The concept was selected 
because it demonstrated a reduction in associated implantation time 
and complexity with minimal blood loss during off-pump implantation. 
Based upon the results of these studies, the selected design is suitable to 
move forward with long-term studies.

pEdiatric intra-opErativE fit study using tHE circulitE 
cHild systEm
Arielle Drummond,1 Bryan Fritz,1 Robert Farnan,1 Gail Farnan,1 Bart 
Meyns,2 David Morales.3 1CircuLite, Inc.; 2UZ Leuven, Belgium; 3Texas 
Children’s Hospital.

A fit study was conducted in seven pediatric patients ranging from 
5-30kg. The purpose of this study was to evaluate the fit of the CircuLite 
Child System in the target patient population and receive feedback from 
pediatric cardiac surgeons about the design and placement of the Sys-
tem. Specifically, these studies assessed the angle at which the cannula 
is placed relative to the ventricular apex, conduit positioning and pump 
placement. Studies were performed at Texas Children’s Hospital (Hous-
ton, TX, USA) and UZ Leuven (Leuven, Belgium) and were approved by 
each institutional review board in patients that were scheduled for an 
unrelated open-heart surgery. A sterile kit was provided for each study 
that included a mock Pump, cannula and ruler. At the discretion of the 
surgeon, the cannula and pump were either placed within or over the 
chest cavity. Photographs of the various pump and cannula placement 
options were obtained. Displacement of adjacent organs by the System 
in each position evaluated was estimated by the physician. Results from 
this study indicated that an increase in the bend angle near the tip of the 
cannula is necessary as well as the need for various cannula lengths. 
Additionally, the most favorable placement of the pump was below the 
heart, to the right of the left ventricular apex. The studies confirmed that 
the existing size of the Child Pump is suitable for implantation in patients 
15kg and larger with minimal adjacent organ displacement. For patients 
that weigh ~5kg, a smaller pump is necessary. In conclusion, feedback 
from the surgeons provided valuable input to refine the design of the 
Child System and formulate design specifications for a system suitable 
for infant patients.

progrEss on tHE dEvElopmEnt of a pEdiatric vEntricular 
assist dEvicE in Brazil
Idágene A Cestari, Arlindo Riso, Helena TT Oyama, Simão Bacht, Sérgio 
A Hayashida, Ismar N Cestari, Vera Aiello, Marcelo B Jatene, Noedir AG 
Stolf. Heart Institute (InCor), University of São Paulo, SP, Brazil.

The use of VADs as bridge to transplantation improves survival of 
children listed for heart transplantation. Here we present the develop-
ment of a pediatric VAD intended for bridge to transplantation in our 
Institute. The system consists of a driver and a paracorporeal, pneumati-
cally driven pump made of two polyurethane chambers separated by a 
flexible diaphragm. Pumps with stroke volumes of 15 and 30 ml were 
designed providing output flows of 1 to 1.5 L/min and 1.8 to 3.9 L/min, 
respectively. Silicone cannulas were designed for biventricular support. 
The pumps were fitted with bovine pericardial valves and blood contact-
ing surfaces were heparin-coated. Hemodynamic performance was stud-
ied by biventricular implantation of the 15 ml pumps in pigs (n=7, 10-12 
Kg). Acute assistance was maintained for 2 h with CI above 3.0 L/min/m2 
in all animals with increased pulmonary resistance. Univentricular VAD 
implantation (n=5, female sheep, 20-27 Kg bd wt) with a target 30-day 
period were conducted. Anticoagulation therapy was established using 
daytime heparin boluses and overnight enoxaparin to maintain clotting 
time 2x normal. Two animals were sacrificed at 30 and 35 days with no 
systemic trombolembolism found although in one animal the LV cannu-
lation site showed organized trombi. One animal died intraoperatively 
due to lung atelectasis, 1 died 3 days after implantation due to respira-
tory problems, 2 died after 3 and 12 days due to LV cannula displace-
ment. During chronic studies, pump performance was very stable with 
minimal hemolysis. These initial studies contributed to design enhance-
ments, providing hands-on experience before the expected clinical 
evaluation of the device.

prEdicting EXErcisE tolErancE in patiEnts witH BidirEc-
tional glEnn: a couplEd lumpEd paramEtEr-oXygEnation 
modEl
Carolina Vallecilla,1 Reza H Khiabani,2 Nestor Sandoval,3 Juan C 
Briceno,1 Ajit P Yoganatan.2 1Group of Biomedical Engineering, 
Universidad de los Andes, Bogota, DC, Colombia; 2Wallace H. Coulter 
Department of Biomedical Engineering, Georgia Institute of Technology, 
Altlanta, GA; 3Cirugía Cardiovascular, Fundación Cardioinfantil - Instituto 
de Cardiología, Bogotá, D.C, Colombia.

Background: In Bi-directional Glenn (BDG) circulation, superior 
systemic resistance and pulmonary vascular resistance are in series. 
Therefore, only the blood from superior vena cava is oxygenated in the 
lungs and mixes in the ventricle with the blood returning from the lower 
body. Therefore, increments in oxygen extraction ratio (OER) could com-
promise exercise tolerance. methods: A mathematical model coupling 
the lumped parameter method with oxygen extraction equations was 
developed. Exercise conditions were modeled with incrementing heart 
rate and decreasing resistances from the resting values. Ventricular func-
tion parameters were calculated to find the ventricle capacity during 
exercise and OER levels.  results: In 5 of 6 patients OER exceeded the 

normal range, indicating that 
the incremented pulmonary 
flow (20%) was not enough 
to suply the required oxy-
gen for exercise (Figure 1). 
Ventricular function analysis 
corroborates the inhability to 
achieve the imposed activity. 
The only patient with normal 
predicted OER levels had the 
lowest PVR at rest and his 
predicted venrticular vascu-
lar coupling ratio value was 
acceptable (Ea/Ees=0.9). 
conclusions: A model to 

couple OER, exercise conditions and ventricular function in BDG circu-
lation was developed. This patient specific model can be used to predict 
the exercise tolerance levels in BDG patients.
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mEcHanical support of tHE failing fontan circulation 
witH a continuous aXial-flow pump in a piglEt modEl
Xufeng Wei, Tieluo Li, HoSung Son, Pablo G Sanchez, Amelia C Watkins, 
Zhongjun J Wu, Bartley P Griffith. Department of Surgery, University of 
Maryland, Baltimore, MD.

Background: Despite the significant contribution of the original Fon-
tan procedure to the therapy of complex congenital heart diseases, many 
patients progress to failure of their Fontan circulation. The use of ventric-
ular assist devices (VADs) to provide circulatory support to these patients 
remains challenging. In the present study, a continuous axial-flow 
pump was used to support the failing Fontan circulation. methods: The 
Fontan circulation was constructed in 3 Yorkshire piglets (8-14 kg). A 
3-branched Dacron conduit was constructed to serve as a complete 
atriopulmonary connection without the use of cardiopulmonary bypass. 
The Impella pump was inserted into the conduit through an additional 
PTFE graft in two animals. Hemodynamic data was collected 6 hours 
under the supported Fontan circulation.  results: The control animal died 
after initiating the Fontan circulation independent of resuscitation. The 
two pump supported animals remained hemodynamically stable for 6 
hours with pump speeds between 18,000 rpm to 22,000 rpm (P1-P3). 
Oxygen saturation was maintained between 95-100%. Normal organ 
perfusion was illustrated by blood gas analysis and biochemical assays. 
 conclusions: A continuous axial-flow pump can be used for temporal 
circulatory support to the failing Fontan circulation as “bridge” to heart 
transplantation or recovery.

pEdiatric vad tHErapy in failing univEntricular HEarts: 
singlE cEntEr EXpEriEncE
Zain C Khalpey,1 Sophie C Hofferberth,1 Christopher S Almond,2 Ravi 
R Thiagarajan,2 Vamsi Yarlagadda,2 Francis Fynn-Thompson.1 1Cardiac 
Surgery, Children’s Hospital Boston, MA; 2Cardiology, Children’s Hospital 
Boston, MA.

objective: Pediatric ventricular assist devices (VAD) have been shown 
to increasingly provide an effective bridge to myocardial recovery or 
heart transplantation (HT). Little is known about the applicability of 
these devices in patients with univentricular heart disease. We report 
our experience with VAD implantation in patients with failing single-
ventricle physiology. methods: Between 11/2005 and 7/2010, 6 patients 
with failing univentricular physiology underwent VAD implantation as 
a bridge to HT. Underlying disease etiology, pre-implant clinical status, 
intraoperative and post-implantation outcomes for each patient were 
reviewed.  results: Six patients (5 female, 1 male; average age: 1.6 years) 
with single ventricle physiology underwent implantation of Berlin Heart 
(5 patients) and Abiomed AB5000 (1 patient) VADs. Three (50%) pre-
sented post bidirectional Glenn palliation, 2(33%) post modified Fon-
tan procedure and 1(16.5%) post Modified Blalock-Taussig shunt. All 
6 required pre-VAD mechanical ventilation and 4 (66%) were bridged 
from extracorporeal membrane oxygenation (ECMO) to VAD. Post-
implant morbidity included stroke (n=2, 33%), sepsis (n=2, 33%) and 
renal failure (n=1, 16.5%). Three (60%) required a total of 5 blood pump 
exchanges due to thrombus formation. Average length of VAD support 
was 28.5 (10-101) days. Four (66%) patients were successfully bridged 
to HT.  conclusions: Pediatric VADs are a feasible option to use as a 
bridge to transplantation in patients with end-stage univentricular heart 
failure. The pre and post-implant management of these patients pres-
ent many unique challenges that will require continued evaluation and 
refinement.

in-vivo animal studiEs in an ovinE modEl using tHE cir-
culitE cHild systEm
Arielle Drummond,1 Robert Farnan,1 Gail Farnan,1 Xufeng Wei,2 
Zhongjun J Wu,2 Bartley P Griffith.2 1Circulite, Inc., Saddle Brook, 
NJ; 2Artificial Organs, University of Maryland School of Medicine, 
Baltimore, MD.

The Circulite® Child System being developed for pediatric patients 
is based on the current Circulite Synergy® Circulatory assist system. 
The primary goals for this study were to assess the surgical placement 
of the cannula tip, and functionality and biocompatibility of the Child 
Pump, Cannula and Delivery Systems. The Child System was implanted 
during an off-pump procedure in six 2-week in-vivo studies utilizing 
an ovine model, each weighing approximately 30kg. The initial two 
implants were conducted to assess the ergonomics and deliverability of 
two Child Cannula and Delivery system designs while utilizing a Syn-
ergy Micro-pump for support. The remaining four implants employed 
the preferred inflow cannula, delivery tools and the Child Pump. The 
system was implanted with left ventricular (LV) apex placement of the 
inflow cannula, the outflow graft anastomosed to the descending aorta 
and the pump positioned near the 5th intercostal space. Echocardiograms 
confirmed proper tip placement in the LV. Four animals survived the full 
study duration with no complications noted. Two studies were termi-
nated early; one due to a kink in the inflow cannula while the other was 
caused by a torn suture on the (non-standard) attachment of the outflow 
graft to the pump. Plasma free hemoglobin levels ranged from 1.1 to 
18.5 mg/dL, while average platelet activation ranged from 1.3 to 19.2%. 
At necropsy, all blood contacting surfaces were free of thrombus and end 
organ functions were normal. In conclusion, six 2-week ovine implants 
of the Circulite Child System demonstrated that the functionality and 
biocompatibility of the system was acceptable. Additional system refine-
ments and long-term animal evaluations are planned.

animal modEls for Evaluation of tHE pEdiatric vEntricu-
lar assist dEvicEs
Xufeng Wei, Tieluo Li, Pablo G Sanchez, Amelia C Watkins, HoSung 
Son, Giacomo Bianchi, Zhongjun J Wu, Bartley P Griffith. Department 
of Surgery, University of Maryland, Baltimore, MD.

Background: An appropriate and feasible animal model is an impor-
tant and challenging issue for testing the pediatric ventricular assist 
devices (VADs). At the University of Maryland, a juvenile ovine animal 
model was developed and two pediatric VADs (child size Jarvik 2000 
heart, CircuLite VAD) were tested with this model. Thirty- four in vivo 
experiments were retrospectively studied to evaluate the reliability of the 
animal model. methods: Dorset hybrid juvenile sheep (20~36 kg) were 
used in this study. A left lateral thoracotomy was performed through the 
fifth intercostal space. The devices were implanted intracorporeally from 
the left ventricle apex to the descending aorta without the use of car-
diopulmonary bypass. The animals all recovered and were placed in a 
stanchion after surgery. Heparin was continuously infused for anticoagu-
lation therapy.  results: 75.7% (25/33) experiments for ventricular assist 
device testing were completed as intended. Animal related complica-
tions included leg injury, graft infection, gastrointestinal bleeding, intra-
venous line disconnection, weight loss, renal failure, hematuria (1 case) 
and pulmonary failure (2 cases). Heparin was increased 100-200 IU/
day and advanced to 2000-2500 IU/hour in the first 2 weeks to achieve 
the targeted activated clotting time (ACT) of 150-200 second. Reliable 
hemodynamic and biocompability data were collected to evaluate the 
device performance in this animal model. conclusion: The juvenile 
sheep provides a reliable, reproducible, and translatable model for test-
ing the pediatric circulatory devices. Experiments in this model provide 
vital information for improvement of circulatory devices and their future 
clinical application.
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dEvElopmEnt of artificial placEnta vi: cErEBral pErfusion 
is maintainEd in vEno-vEnus EXtracorporEal lifE support 
lamB modEl
Ahmed M El-Sabbagh,1 Brian W Gray,1 Andrew W Shaffer,1 Alvaro Rojas-
Pena,1 Sarah Zakem,1 Robert Drongowski,1 Renee Shellhaas,2 Robert 
H Bartlett,1 George B Mychaliska.1 1ECLS Laboratory, Department of 
Pediatric Surgery, University of Michigan, Ann Arbor, MI; 2Department of 
Pediatric Neurology, University of Michigan, Ann Arbor, MI.

objective: The aim of this study was to assess cerebral perfusion 
in fetal lambs on artificial placenta support using near-infrared spec-
troscopy (NIRS) and carotid arterial (CA) flow. methods: 14 near-term 
neonatal lambs (130 days; term=145) were used. After hysterotomy, a 
2.5mmTransonic flow probe was placed on the right CA. A Somanet-
ics INVOS Cerebral Oximeter (NIRS) probe was placed on the scalp. 
The right jugular vein and umbilical vein were cannulated with 10-12Fr 
cannulas, and VV-ECLS was initiated. Lambs were prevented from air 
breathing. CA flow, NIRS (% regional saturation of rSO2) reading, and 
hemodynamic data were collected every 30 minutes. CA blood gases 
were collected every hour. Statistical analysis included Pearson’s cor-
relation, with p values <0.05 considered significant.  results: Fetal lambs 
were successfully maintained on the artificial placenta for 55±27 hours 
of support. Mean rSO2 was 49.7±11.2% (normal 21-72%). Baseline CA 
flow before VV-ECLS was 27.4±5.4mL/kg/min, and average CA flow on 
VV-ECLS was 23.7±7.7mL/kg/min. Cerebral fractional tissue oxygen 
extraction (FTOE) and CA flow corrected for mean arterial pressure (CA/
MAP) were calculated. There was a negative correlation between FTOE 
and CA/MAP (r=-0.382, p<0.001). CA/MAP had a positive correlation 
with pCO2 (r=0.252, p<0.001). FTOE was statistically independent of 
O2 saturation (r=0.091, p=0.017).  conclusions: Cerebral O2 extraction 
is inversely related to CA flow in this model of VV-ECLS. In addition, CA 
flow increases proportionally to arterial pCO2 levels. These result sug-
gest that cerebral perfusion is adequate and maintained with VV-ECLS 
artificial placenta support.

impElla pEdiatric dEsign optimization and in vivo 
rEsults
Caitlyn J Hastie,1 Scott C Corbett,1 Kathryn Jinks,1 Ahmed Mayoumi,2 Doff 
McElhinney,3 Francis Fynn-Thompson.4 1Research and Development, 
Abiomed, Inc., Danvers, MA; 2Biomimetic Microsystems, Wyss Institute, 
Boston, MA; 3Department of Cardiac Surgery, Children’s Hospital Boston, 
MA; 4Department of Cardiology, Children’s Hospital Boston, MA.

Background: The Impella Pediatric is a catheter-based percutaneous 
ventricular assist device for treatment of acute heart failure. The device is 
based on the Impella 2.5, provides flows of up to 2.0 L/min and up to 7 
days of support. design optimization: A fit study with CT scans from 17 
pediatric patients measured lengths and angles between the ascending 
aorta, aortic valve and left ventricle using Mimics software (Materialise 
NV, Belgium) to define an ‘average’ cannula. Fit of the ‘average’ cannula 
was acceptable in scans of patients ≥10 kg, marginal in patients 6-10 kg, 
and did not fit in patients <5 kg due to the rigid length of the motor in the 
ascending aorta. Evaluation in preserved specimens (5-25 kg patients) 
showed that the lengths and angles fit well in the ventricle in all cases, 
while the motor was too long only in the 5 kg specimens. Acute studies 
(N = 2) were completed in an ovine model (31-32 kg). The Pediatric 
Impella was inserted through the carotid artery and provided up to 2 l/
min of support for 5 hours. Plasma-free hemoglobin samples were col-
lected every 30 minutes (Hemocue®, Plasma/Low Hb System) ranging 
from 0 – 30 mg/dl. After pump explantation, the heart was excised and 
the aorta, aortic valve, and left ventricle were inspected and no dam-
age was found. conclusion: The results generated by Mimics, preserved 
specimen fit studies, and in vivo studies showed that the ‘average’ can-
nula geometry and positions of inlet and outlet cages are a good fit, 
do not threaten aortic or mitral structures, and demonstrated acceptable 
hemolysis. Based on the design optimization and in vivo studies, the pro-
posed target population for this device is 10-25 kg (0.5-1.0 m2 BSA).

a cHronic pEristaltic cavopulmonary support dEvicE 
for univEntricular fontan circulation
Guruprasad A Giridharan,1 Daniel Stewart,1 Kevin Soucy,1 Michael A 
Sobieski,1 Steven Frankel,2 Palaniappan Sethu,1 Steven C Koenig,1 Mark 
D Rodefeld.3 1University of Louisville; 2Purdue University; 3Indiana 
University.

Background: Fontan failure is emerging as an intractable problem 
for which there is no targeted therapy. In a Fontan circulation, modest 
augmentation of existing cavopulmonary pressure head (5-8 mm Hg) 
would reduce systemic venous pressure, increase ventricular filling, 
and substantially improve circulatory status. Currently, effective chronic 
cavopulmonary support devices do not exist. We are developing a 
cavopulmonary support system (CSS) consisting of a portable pneumatic 
driver, and sequentially inflated, dual-chambered, non-blood contact-
ing extra-vascular cuffs that are placed around the vena cavae or vena 
caval grafts to meet this clinical need. methods: Adult and pediatric 
mock circulation studies were conducted to assess the hemodynamic 
efficacy to different levels CSS support, and to optimize CSS design 
configuration (size, device rate, and time delays). Hemodynamic wave-
forms were recorded for baseline (no CSS support) and over 70 different 
combinations of CSS design configurations.  results: The CSS augmented 
cavopulmonary flows at both pediatric and adult scales by up to 20% 
and restored systemic pressures and flows to biventricular values. The 
following were the optimal CSS parameters - CSS stroke volume: 75% 
-100% of ventricular stroke volume, device rate: 80 bpm, device infla-
tion time: 300 ms, inflation time delay between CSS chambers: 175 ms. 
 conclusions: The CSS is a peristaltic device which will augment Fon-
tan cavopulmonary flow in the proper pressure and flow ranges, with 
minimal thrombotic risk for both adult and pediatric physiologies. This 
simple technology may enable chronic reduction of systemic venous 
pressure and improve cardiac output after Fontan repair.
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OutcOmes Of VenOVenOus extracOrpOreal membrane 
OxygenatiOn in patients with respiratOry failure
Tae-Hun Kim, Il Park, Dong Jin Kim, Yochun Jung, Cheong Lim, Kay-
Hyun Park. Dep. of Thoracic and Cardiovascular Surgery, Seoul National 
University Bundang Hospital, Seongnam-si, Gyeonggi-do, Republic of 
Korea.

background: High survival rates have been reported in cases of veno-
venous extracorporeal membrane oxygenation (VV ECMO). Prognosis 
related time criteria are not studied. The aim of this study is to analyze 
the outcomes of VV ECMO in respiratory failure patients, and time factor 
for prediction of prognosis. methods: From June 2007 to July 2011, 14 
cases of VV ECMO were applied in 13 patients at the time of respiratory 
failure. Male patients were 10 (76.9 %), and female 3. Mean age was 
53.6 ± 22.31 (range: 19 – 84) years old. Demographic data, results of 
labs, duration and parameters of ECMO, weaning rate and survival was 
investigated. Relationships between weaning, survival rate and duration 
of ECMO were analyzed, especially.  results: The application of ECMO 
was done at the intensive care unit in 9 cases, operating room in 3, 
emergency room in 2. Mean duration of application of ECMO was 117.8 
± 101.51 (range: 14.1 – 306.05) hours. Successful weaning of VV ECMO 
was achieved in 10 cases out of 14 (71.43%). Survival discharge was 
in 5 patients out of 14 (35.7 %). In the groups for duration more than 
48 hours of ECMO, successful weaning rate was 66.7 % (6 out of 9 
cases) with 33.3 % of survival discharge. For more than average dura-
tion, 117.8 hours, the successful weaning was in 4 out of 6 cases (66.7 
%) with survival rate 50 %. 3 cases of traumatic etiology in which 2 
patients weaned successfully and discharged.  conclusions: Support for 
more than 48 hours may enhance the chance of survival in the patients 
with respiratory failure. Application of VV ECMO for traumatic patients 
shows good results of weaning rate and survival.

adVerse effects Of cardiOpulmOnary bypass in lung 
transplantatiOn and their preVentiOn
Koichi Sato,1,2 Jun-ichi Hayashi,1 Masanori Tsuchida,1 Christoph Knosalla,2 
Roland Hetzer.2 1Thorac & Cardiovasc Surg, Niigata Univ., Niigata, Japan; 
2Cardiothoracic & Vascular Surgery, Deutsches Herzzentrum Berlin, 
Germany.

background: The use of cardiopulmonary bypass (CPB) in lung trans-
plantation (Ltx) remains controversial. It was reported that pulmonary 
circulation after CPB during cardiac operations may restore blood 
prostaglandin (PG) levels, systemic tissue perfusion and body oxygen 
metabolism. However, the restoration of pulmonary circulation of a 
lung allograft might induce other CPB reactions according to a previ-
ous study (ASAIO J 2008;54:73-7). The aim of this study was to explore 
and decrease the adverse systemic effects of CPB in Ltx. materials & 
methods: On 10 dogs (experimental species), left Ltx was successfully 
performed with normothermic CPB without cardiac arrest (Group “On”: 
with hemofiltration at the end of CPB, Group “Off”: without hemofiltra-
tion; n=5 vs. 5). Thirty minutes after graft perfusion, the right pulmo-
nary artery and bronchus were clamped.  results: Body weight, donor 
to recipient body weight ratio and clinical parameters were comparable 
between the two groups. At 90 min. after graft perfusion, SvO2 was 
lower (P=0.016) and O2 extraction rate (P=0.030), PGE2 (P=0.087) and 
arterial blood ketone body ratio (P=0.008) were higher in Group “Off” 
than in Group “On” while these parameters were comparable before 
graft perfusion between the two groups.  conclusions: Although Ltx with 
CPB induces new inflammatory reactions and influences body oxygen 
metabolism, hemofiltration may attenuate the invasiveness and prevent 
organ dysfunction.

deVelOping a biOhybrid lung – endOthelializatiOn with 
allOgeneic mhc-silenced endOthelial cells tO preVent 
transplant rejectiOn
Bettina Wiegmann,1 Constanca Figueiredo,2 Vanessa Dewor,1 Stefanie 
Vahlsing,2 Rainer Blasczyk,2 Axel Haverich.1 1Dpt. for Cardiothoracic, 
Transplanatation and Vascular Surgery, Hannover Medical School, 
Hannover, Germany; 2Institute for Transfusion Medicine, Hannover 
Medical School, Hannover, Germany.

purpose: Due to insufficient autologous cell harvesting, gas exchange 
membranes (PMP) are endothelialized with allogeneic human cord 
blood derived endothelial cells (EC) aiming towards development of a 
biohybrid lung. To prevent cell rejection caused by Major Histocompat-
ibility Complex class I (MHC) incompatibility, expression of MHC in ECs 
was stably silenced. Capacity/functionality required for endothelializa-
tion of PMP was investigated. methods: MHC expression was silenced 
by RNA interference technology. Lentiviral vector system was used for 
delivery of shRNAs targeting 2-microglobulin (2m) transcripts. Non-
specific shRNA sequences were used as negative control. Efficiency of 
MHC-silencing/endothelial phenotype were analyzed by qRT-PCR/flow 
cytometry. Cytokine secretion profiles were evaluated by Luminex tech-
nology. Endothelial specific activation and thrombogenic state markers 
(ESATS) were quantified by real-time RT-PCR. IFN-/TNF-stimulation 
were used to examine biologic reactivity. Cell growth/seeding efficiency 
were assessed by microscopy.  results: Transduction efficiency of 95% 
was achieved. Delivery of 2m-specific shRNAs induced reduction of 
90% of 2m mRNA levels, causing knockdown of MHC surface expres-
sion of 92%. No significant changes were observed in cytokine secretion 
profiles. Upon IFN- stimulation, non-transduced ECs showed a 3-fold 
upregulation of MHC surface expression, whereas expressing 2m-
specific shRNA blocked upregulation. ESATS remained unaffected by 
MHC-silencing. Microscopy showed a confluent endothelial monolayer 
on PMP. conclusions: These results may bring the development of a bio-
artifical lung closer to reality.

Organ care system® – initial experience within lung 
transplantatiOn
Bettina Wiegmann, Igor Tudorache, Christian Kühn, Murat Avsar, Axel 
Haverich, Gregor Warnecke. Dpt. for Cardiothoracic, Transplanatation 
and Vascular Surgery, Hannover Medical school, Hannover, Germany.

purpose: Lung transplantation (LTX) is limited by the severe shortage 
of donor organs. Ischemia-reperfusion injury due to prolonged cold stor-
age of donor lungs is associated with adverse outcome after LTX. The 
portable Organ Care System® (OCS) offers a new preservation method, 
where donor lungs are ventilated and perfused at 37°C on continuous 
monitoring. This device is currently in clinical use and here we report on 
the first 10 cases done at our institution. methods: From January to July 
10 LTX were performed using OCS. Evaluation of recipients included 
demographic data, diagnosis, duration of mechanical ventilation and ICU 
stay. Final paO2/FiO2 ratio on OCS, 90-day survival, cross clamp time, 
PGD-score and ISHLT grading were assessed. Retrospective matched-
pair analyses were done for demographic data, diagnosis, urgency status 
and mechanical ventilator time.  results: LTX was successfully performed 
in all recipients (4 males, mean age 52) using OCS. Underlying diagno-
sis were IPF (n=5), COPD (n=2) and PHT (n=3). Median cross clamps 
times were 114/244 minutes. Median paO2/FiO2 ratio was 548 mmHg, 
duration of mechanical ventilation 18h, length of ICU-stay 140h. PGD-
scores after 72 hours resulted in grade 0 (n=4), grade 1 (n=3) and grade 
2 (n=3). Postoperative lung biopsy revealed rejection grade A0 (n=9) 
and A2 (n=1) and inflammation grade B0 (n=3), B1 (n=6) and BX (n=1). 
Matched-pair analyses indicated a shortened time on mechanical venti-
lation in OCS group. conclusions: OCS technology can be used safely 
for lung preservation. Short ischemic times resulting in low incidence of 
reperfusion injury can be achieved with OCS, with additional benefit of 
easy evaluation of marginal organs in transit.
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in-parallel attachment Of a lOw resistance cOmpli-
ant thOracic artificial lung under rest and simulated 
exercise
Rebecca E Schewe,1 Christopher N Scipione,2 Kelly L Koch,2 Keith E 
Cook.1,2 1Biomedical Engineering, University of Michigan, Ann Arbor, MI; 
2Surgery, University of Michigan, Ann Arbor, MI.

background: Previous thoracic artificial lungs (TALs) had blood flow 
impedances greater than the natural lungs, which could cause abnor-
mal pulmonary hemodynamics. New, compliant TALs (cTALs), however, 
have an impedance lower than the natural lung and may offer improved 
hemodynamics at rest and during exercise. methods: In this study, a new 
cTAL design was attached between the pulmonary artery (PA) and left 
atrium (LA) in five sheep (60.2 ± 1.9 kg). A distal PA band was placed to 
control the percentage of cardiac output (CO) routed to the cTAL. Rest 
and exercise conditions were simulated using a continuous dobutamine 
infusion of 0 and 5 mcg/kg/min, respectively. At each dose, a hemody-
namic data set was acquired at baseline (no flow to the cTAL) and 60, 75, 
and 90% of CO shunted to the cTAL.  results: Device resistance did not 
vary with blood flow rate, averaging 0.51 ± 0.03 mmHg/(L/min). Under 
all conditions, CO was not significantly different from baseline. Pulmo-
nary system impedance only increased above baseline with 5 mcg/kg/
min of dobutamine and 90% of CO diverted to the cTAL. conclusion: 
Results indicate minimal changes in pulmonary hemodynamics during 
PA-LA cTAL attachment for high device flows under rest and exercise 
conditions.

deVelOpment Of a pOlydimethylsilOxane and silicOn 
asymmetric membrane OxygenatOr
Torin Yeager,1,2 Rishi Kant,1 William Fissell,3 Shuvo Roy.1,2 1Department 
of Bioengineering and Therapeutic Sciences, University of California San 
Francisco, CA; 2Department of Bioengineering, University of California 
Berkeley, CA; 3Department of Biomedical Engineering, Cleveland Clinic, 
Cleveland, OH.

purpose: We aim to minimize the membrane surface area required for 
adequate oxygenation of blood in neonatal patients on ECMO support, 
thereby reducing exposure of blood to foreign surfaces and associated 
thrombogenesis. Polydimethylsiloxane (PDMS) membranes possess suf-
ficiently high permeability to meet neonatal oxygen and carbon dioxide 
requirements of 100 and 80 mL/min, respectively, in a small form factor, 
but thin PDMS membranes require mechanical support. Novel silicon 
nanopore membranes (SNMs) fabricated by our group provide a pla-
nar, rigid substrate for the PDMS membrane, while offering negligible 
resistance to gas transport. methods: PDMS was spin-coated on 1 cm2 
SNMs to form a 3 µm thick solid membrane layer. Membrane thick-
ness was measured using contact profilometry and SEM imaging. Trans-
membrane gas transfer of oxygen and carbon dioxide was measured 
using a bubble flow meter for six individual asymmetric membranes. 
 results: Profilometry and SEM confirmed the presence of a uniform 3 
µm thick layer of PDMS covering the SNM surface. Bubble flow meter 
experiments showed a gas transfer resistance of 2540±315 and 656±120 
mL-1 s cm2 cmHg for oxygen and carbon dioxide, respectively, which is 
in agreement with theoretical values of 4900 and 977 mL-1 s cm2 cmHg. 
 conclusions: The results of our study show that the asymmetric PDMS/
SNM membranes are capable of constituting a small membrane surface 
area (less than 0.05 m2) neonatal ECMO support system.

three embOdiments fOr an aqueOus lung machine
Mohamed W Elnachef. Medicine, SIOF, Orange, CA.

Direct transfer of Oxygen in aqueous phase to the blood. Three dif-
ferent methods of an AQUEOUS LUNG are described. Using an extra-
corporeal circuit identical to a single bath hemodialysis machine less 
the Zencorium filter, we are able to transfer aqueous oxygen from the 
following solutions and getting it diffused to the blood. The oxygenating 
solutions are circulated in the dialysate side of the circuit. The aqueous 
oxygen diffuses to the blood that is circulating in the blood compart-
ment side of the machine. The two compartments are separated by semi-
permeable membrane. In all embodiments, the Oxygen was bubbled in 
at the bottom a six liters tank and dissolved with the built-in whirlpool 
movement of the tank. Transiently, the oxygenating fluid was supersatu-
rated at 330%.

1.  Embodiment 1: The tank was filled with Bovine Hemoglobin-Dimer 
16.5%

2.  Embodiment 2: The tank was filled with albumin 15%-Lethicin10%-
Urea 5%

3. Embodiment 3: The tank was filled with isotonic electrolyte fluid.
In all experiments, venous ovine blood is circulated. Said blood 

becomes fully oxygenated in all these embodiments by a single pass 
through the extracorporeal circuit. In all embodiments, Oxygen satura-
tion of the blood is raised from about 70% to about 115%. For the first 
two embodiments, the ratio between blood flow and oxygenating fluid 
flow is 1:1 (250 ml/min: 250 ml/min). For the third embodiment, the 
above ratio was 1:10 (250 ml/min: 2500ml/min). These embodiments 
offer an alternative to current extra-corporeal membrane oxygenators. 
Plus they are theoretically safer and less likely to have streaming effect 
in the blood compartment.

the use Of a lOw resistance cOmpliant thOracic artifi-
cial lung in the pulmOnary artery tO pulmOnary artery 
cOnfiguratiOn
Christopher N Scipione,1 Rebecca E Schewe,2 Kelly L Koch,1 Andy 
Schaffer,3 Amit Iyengar,2 Keith E Cook.1,2 1General Surgery, University 
of Michigan, Ann Arbor, MI; 2Engineering, University of Michigan, Ann 
Arbor, MI; 3General Surgery, William Beaumont Hospital, Royal Oak, MI.

background: A thoracic artificial lung (TAL) has been proposed as a 
bridge to transplant in patients with end-stage lung disease. Systemic 
embolic complications can occur following TAL attachment in the pul-
monary artery to left atrium (PA-LA) configuration. Therefore, we evalu-
ated the function of a compliant TAL (cTAL) attached via the proximal 
PA to distal main PA configuration. methods: The cTAL was attached to 
five (65 kg) adult sheep in the PA-PA configuration. A Rommel tourni-
quet was placed between the device grafts to augment the percentage of 
cardiac output (CO) directed to the cTAL. Device function and animal 
hemodynamics were assessed at baseline and with approximately 60%, 
75%, and 90% of CO directed to the cTAL. Intravenous dobutamine 
was used to simulate exercise conditions.  results: At rest, CO decreased 
from 6.20 ± 0.53 L/min at baseline to 5.40 ± 0.43 L/min, 4.66 L/min ± 
0.31 L/min, and 4.05 ± 0.27 L/min with 50, 75%, and 90% of CO to the 
cTAL (post-hoc p=0.922, 0.07, and 0.01 for the specific flows). During 
exercise, CO decreased from 7.85 ± 0.70 L/min at baseline to 7.46 ± 
0.55 L/min, 6.93 ± 0.51 L/min, and 5.96 ± 0.44 L/min (p=0.13 overall) 
with 50, 75%, and 90% of CO to the cTAL. The cTAL resistance aver-
aged 0.45 mmHg/(L/min) and did not vary with cTAL blood flow rate. 
Lastly, the cTAL provided > 99% outlet oxyhemoglobin saturations at 
cTAL flow rates as high as 6.95 L/min.  conclusions: CO did not signifi-
cantly decrease with up to 75% of the CO diverted to the cTAL at rest 
and 90% of the CO diverted to the cTAL under exercise conditions. Thus, 
cTAL use may be feasible in the PA-PA setting if cTAL blood flow is held 
at < 75% of CO.
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markers Of lung injury in ecmO with lOw tidal VOlume 
VentilatiOn fOr seVere ards
Gopal Singh,1 Scot D Henry,2 Keith Brenner,3 Joseph Costa,1 Matthew 
Lavelle,1 Julissa E Jurado,1 Jeffrey Javidfar,1 Joshua R Sonett,1 Matthew D 
Bacchetta.1 1Section of Thoracic Surgery, Columbia University Medical 
Center, New York, NY; 2Division of Transplant Surgery, Columbia 
University Medical Center, New York, NY; 3Division of Pulmonary/Critical 
Care Medicine, Columbia University Medical Center, New York, NY.

background: Proinflammatory 
cytokines IL-6 and IL-8 increase 
with lung injury, are independent 
predictors of ARDS mortality, 
and are attenuated by a strat-
egy of low tidal volume ventila-
tion. The receptor for advanced 
glycation end products (RAGE) 
and Angiopoietin-2 are released 
locally and systemically during 
lung injury, and are associated 
with ARDS clinical outcome. 
We used venovenous ECMO to 
support a patient with refractory 

hypoxemia due to ARDS. ECMO facilitated a very low tidal volume ven-
tilation strategy( 3.5ml/kg). We report local and systemic markers of lung 
injury and inflammation with this approach. methods: We obtained BAL 
and blood samples. Cytokine expression was determined by luminex 
assay (Invitrogen), and RAGE and Angiopoietin-2 were quantified by 
ELISA (RD biosystems).  results: There is a divergent expression of cytok-
ines in BAL and serum of this patient and expression of RAGE and Angio-

poietin-2 in BAL. conclusions: 
These markers could be used as 
prognostic tools and guide treat-
ment of patients on ECMO sup-
port in the future.

transpOrt ecmO and bridge tO transplant with the car-
diOhelp system®
Julissa E Jurado, Jeffrey Javidfar, Joseph Costa, Matthew Lavelle, Alexis 
Newmark, Daniel Brodie, Joshua Sonett, Matthew Bacchetta. Division 
of Cardiothoracic Surgery, Columbia University Medical Center - New 
York Presbyterian Hospital, New York, NY.

purpose: Extracorporeal membrane oxygenation (ECMO) is used to 
support patients with severe, pulmonary and cardiopulmonary failure. 
We studied our initial experience with both transport and in-hospital 
ECMO using the Cardiohelp system (Maquet Inc, Hirrlingen, Ger-
many), which uses a compact integrated pump-oxygenator device. 
methods: This is a review of a single institution’s experience with using 
the Cardiohelp system for venovenous or venoarterial ECMO support. 
Between July 2011 and January 2012, four patients with a median age of 
21.5 years (interquartile range (IQR): 20-33) and with median Sequential 
Organ Failure Assessment score of 4.8 (IQR: 4.4-5.3) were placed on 
ECMO using the Cardiohelp system. Indications for support included 
cystic fibrosis bridge to lung transplant (n=2), hypoxemic respiratory 
failure (n=1) and hypercapneic respiratory failure with bridge to recov-
ery (n=1).  results: The median duration of ECMO support was 5.5 days 
(range: 3-31days). Two patients were cannulated at an outside hospital 
and transported on ECMO. They completed their entire ECMO course 
using the Cardiohelp system. All four patients were extubated and ambu-
lated with the Cardiohelp system in place. There were no device related 
complications. Survival to discharge was 100%. conclusion: Over the 
last decade ECMO technology has improved significantly and the risk 
profile is markedly better. The Cardiohelp system is a compact platform 
and safely facilitates ambulatory ECMO and ECMO-transport.

use Of bOth bi-caVal dlc lumens fOr drainage tO cOn-
Vert VV ecmO tO Va ecmO
Qiang Hu,1 Dongfang Wang,1 Kyle Rosenstein,1 Jingkun Wang,1 Cherry 
Ballard-Croft,1 Matthew Bacchetta,2 Joseph B Zwischenberger.1 1Surgery, 
University of Kentucky College of Medicine; 2Surgery, Columbia 
University College of Physicians & Surgeons, New York.

Efficient/simple Bi-Caval 
DLC based VV ECMO results 
in better outcomes. In some 
scenarios, it is hard to deter-
mine whether respiratory 
failure patient with compro-
mised hemodynamics require 
circulatory support from VA 
ECMO. Purpose of this study 
was to determine if DLC can 
be used for drainage to eas-
ily convert VV to VA ECMO, 
avoiding DLC replacement 

with a drainage cannula. methods: The DLC as drainage cannula was 
tested in a simulated 37% glycerin ECMO circuit, which included a cen-
trifugal pump, 27 fr DLC, a reservoir and connection tubing. The drain-
age flows from both lumens were measured in corresponding pressure. 
The DLC was also tested in anesthetized sheep (n=6) as drainage cannala 
in VA ECMO configuration. result: Both lumens of DLC functioned well 

as drainage for VA ECMO. 
Mimicking obstruction of 
infusion lumen opening 
resulted in infusion lumen 
membrane collapse with no 
flow and increased drainage 
lumen flow. The in vivo study 
validated the bench simula-
tion.  conclusion: Both DLC 
lumens can be used for 
drainage to easily convert VV 
ECMO to VA ECMO

design and in VitrO assessment Of an imprOVed, lOw-re-
sistance, cOmpliant thOracic artificial lung
Rebecca E Schewe,1 Khalil M Khanafer,1 Aarthi Arab,1 Jeffrey A Mitchell,1 
David J Skoog,1 Keith E Cook.1,2 1Biomedical Engineering, University of 
Michigan, Ann Arbor, MI; 2Surgery, University of Michigan, Ann Arbor, MI.

Thoracic artificial lungs (TALs) have been developed for a long-term 
bridge to lung transplant for patients with end-stage lung disease. Cur-
rent TALs have blood flow impedances greater than the natural lungs, 
resulting in abnormal pulmonary hemodynamics when implanted in 
series with the natural lung or in parallel under high flow conditions. 
This study investigated the impedance and gas transfer performance of 
a TAL with a compliant housing (cTAL). Glycerol was pumped through 
the cTAL (n = 4) at pulsatile blood flow rates of 2, 4, and 6 L/min and 
heart rates of 80 and 100 beats/min. Zeroth and first harmonic imped-
ance moduli, Z0 and Z1, were calculated from resulting inlet and outlet 
pressures. For gas transfer testing, bovine blood at venous conditions 
was pumped through cTALs at steady blood flow rates of 3, 5, and 7 L/
min. Blood samples were taken at the inlet and outlet of the device to 
determine outlet oxyhemoglobin saturation (SO2), outlet PO2, and O2 
and CO2 gas transfer rates. In vitro, Z0=0.53 ± 0.06 mmHg/(L/min) and 
Z1=0.86 ± 0.08 mmHg/(L/min) at 4 L/min and 100 beats/min. Outlet PO2 
and SO2 values were above 200 mmHg and 99.5%, respectively, at each 
flow rate. Thus, the cTAL had lower impedance than hard-shell TALs and 
the natural lung and excellent gas transfer.
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fluid dynamics in OxygenatOrs under and pOst uti-
lizatiOn eValuated by ultrasOund, angiOgraphy and 
 cat-scan
Daniele Camboni,1 Alois Philipp,1 Michael Hilker,1 Christian Dornia,2 
Andreas Luchner,3 Bernhard Floerchinger,1 Thomas Mueller,3 Christof 
Schmid.1 1Cardiothoracic Surgery, Uniklink Regensburg, Bavaria, 
Germany; 2Radiology, University Medical Center Regensburg, Germany; 
3Internal Medicine, University Medical Center Regensburg.

introduction: Extracorporeal pulmonary support utilizing a mem-
brane lung is increasing in frequency and duration. Due to the limited 
durability the need to exchange oxygenators is expected to rise, as well. 
Here we present a pilot study to examine fluid dynamics in membrane 
lungs exposed to patients’ blood stream with the aim to introduce an 
additional tool to improve today’s technology. methods: Quadrox D oxy-
genators (n = 5; mean support time 11 ± 4 d; Maquet, Germany) not yet 
meeting exchange criteria, meeting exchange criteria or termination of 
extracorporeal support in patients suffering from lung failure were exam-
ined by the means of ultrasound on support, and angiography plus CAT 
scan post support.  results: Ultrasound can be applied on support, but 
only to parts of the oxygenator due to the ultrasound inconvenient hous-
ing. However, malperfusion of the upper third of the Quadrox D oxy-
genator was detected by ultrasound before a significant decrease in gas 
exchange was noticed. This malperfusion of the upper part was verified 
by angiography and CAT scan. Angiography and CAT scan were more 
sensitive revealing thrombotic sedimentation and malperfusion than 
ultrasound. However, these latter means are only possible after usage. 
Moderate malperfusion of the upper third was also found in oxygenators 
not meeting exchange criteria. conclusion: Ultrasound can be applied 
as an additional utensil to detect oxygenator malfunction. Post usage 
evaluation of fluid dynamics by angiography and CAT scan offers an 
important insight into improvable parts oxygenators. Comparative stud-
ies with different types of oxygenators should be conducted for quality 
control reasons.

pulsatile blOOd flOw augments gas exchanger 
perfOrmance
Ju Zhao,1,2 Dongfang Wang,1 Cherry Ballard-Croft,1 Jingkun Wang,1 
Kyle Rosenstein,1 Hassan K Reda,1 Joseph B Zwischenberger.1 1Surgery, 
University of Kentucky College of Medicine, Lexington, KY; 2CPB, Fuwai 
Cardiovascular Hospital, CAMS & PUMC, Beijing, China.

introduction: We are developing a gas exchanger for paracorporeal 
artificial lung. The purpose of this study was to determine whether pul-
satile blood flow augments gas exchanger performance compared to 
non-pulsatile blood flow. methods and material: The two customized 
hollow fiber membrane gas exchangers in this study featured relatively 
low gas exchange surface area and high blood flow, resulting incomplete 
blood saturation and allowing precise differentiation of any potential gas 
exchange augmentations. Customized gas exchangers were tested in 
a bovine blood bench test circuit, which included a commercial gas 
exchanger for blood de-oxygenation, centrifugal pump for non-pulsatile 
blood flow or diaphragm displacement pVAD for pulsatile flow. Pre and 
post gas exchanger blood gas was analyzed for oxygen transfer calcu-
lation and exhaust sweep gas CO2 concentration was monitored via 
capnometer for CO2 removal calculation.  results: More O2 transfer was 
achieved through pulsatile blood flow (77±2.9 ml/mm2/min) than non-
pulsatile blood flow (50.7±7.7 ml/mm2/min, p<0.001). Pulsatile blood 
flow also resulted in more CO2 removal compared to non-pulsatile 
blood flow (53.2±3.8 vs 49.2±0.0 ml/mm2/min, p<0.05). conclusion: 
Pulsatile blood flow augments gas exchanger performance compared to 
non-pulsatile blood flow.

hybrid ecmO fOr circulatOry suppOrt guarantees ade-
quate heart/brain Oxygen supply
Ju Zhao,1,2 Dongfang Wang,1 Xiaoqin Zhou,1 Cherry Ballard-Croft,1 
Kyle Rosenstein,1 Matthew Bacchetta,3 Charles Hoops,1 Enrique Diaz-
Guzman,1 Roh Yanagida,1 Joseph B Zwischenberger.1 1Department of 
Surgery, University of Kentucky College of Medicine, Lexington, KY; 
2Department of CPB, Fuwai Cardiovascular Hospital, CAMS & PUMC, 
Beijing, China; 3Surgery, Columbia University College of Physicians & 
Surgeons, New York.

VA ECMO for circulatory support often has compromised lung func-
tion. In this scenario, low oxygen blood supplies upper body. Hybrid 
ECMO developed for circulatory support with adequate heart/brain oxy-
gen supply. material and methods: Hybrid ECMO included 27 Fr Bicaval 
DLC, 17 Fr arterial cannula, blood pump and oxygenator. Venous blood 
was withdrawn from both SVC and IVC via DLC drainage lumen for 
ECMO. Most of ECMO blood was reinfused into femoral artery, bypass-
ing heart/lung for heart assistance. A small portion of ECMO blood was 
delivered into right atrium via DLC infusion lumen, passing through dys-
functional lung and left heart to ascending aorta for enough heart/brain 
oxygen supply. This hybrid ECMO tested in 6 adult sheep. A LV catheter 
was used to measure LV SO2, indicating heart/brain oxygen supply. Com-
promised lung function was mimicked by decreasing mechanical ven-
tilation to 71% LV SO2.Hybrid flow (Blood flow through DLC infusion 
lumen through native lung) was adjusted from 0% (VA ECMO) to 50% 
of total ECMO flow.  results: Without hybrid flow, femoral artery SO2 
was 100%, but the LV SO2 was only 71±8%. Hybrid flow significantly 
increased LV SO2 to 88 and 96 at 20% and 50% hybrid flow. 

conclusion: Hybrid ECMO for circulatory support significantly improved 
heart/brain oxygen supply to the patient with compromised lung func-
tion, promoting injured heart recovery.

Table 1. Blood SO2 at different hybrid ECMO blood flow in 
sheep with compromised lung function

 VA ECMO
Hybrid 

ECMO 10%
Hybrid 

ECMO 20%
Hybrid 

ECMO 30%
Hybrid ECMO 

40%
Hybrid 

ECMO 50%

Femoral Artery 100 100 100 100 100 100
LV 71±8 86±7 88±10* 93±6* 94±8* 96±6*
PA 61.9±9.7 80±3 84±9 90±10 92±11 95±9
IVC 72.4±12 67±7 72±12 65±11 66±11 69±12

*: p<0.01
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Evaluation of thE usability of Dialysis MachinEs by MEa-
suring EyE MovEMEnt
Takayuki abe,1 Satoshi Suzuki,1 Hirotaka aoki,2 Yasuko Tomizawa,3 
Takashi akiba.4 1Clinical Engineering, Tokyo Women’s Medical University, 
Sinjyuku-ku, Tokyo, Japan; 2Industrial Engineering and Management, 
Tokyo Institute of Technology, Meguro-ku, Tokyo, Japan; 3Cardiovascular 
Surgery, Tokyo Women’s Medical University, Sinjyuku-ku, Tokyo, Japan; 
4Blood Purification, Tokyo Women’s Medical University, Sinjyuku-ku, 
Tokyo, Japan.

How efficiently users can perform information acquisition is a key 
factor that makes medical equipment be usable. To uncover problems 
obstructing efficient information acquisition, it is required to analyze 
how each user performs information acquisition in detail. The objectives 
of this study are to evaluate how users perform information acquisition 
based on eye movement data, and to examine its relation with usability. 
Seven staffs (1 physician, and 6 clinical engineers), who were not famil-
iar with any one of the following three dialysis machines, were asked to 
perform a series of tasks in which the timer alarms were set on 3 different 
models of dialysis machines (DCS-26, GC-10, and TR-7000M). Percent-
ages of the task goals achieved significantly varied depending on the 
machines (p<0.05). The percentages were 85.7%, 14.2% and 28.6% for 
DCS-26, GC-10, and TR-7000M, respectively. In data analyses, the num-
ber of fixations as well as fixation sequences were adopted as indices 
representing staffs’ information acquisition processes. as for GC-10 that 
showed poor performance, the staffs tended to make unnecessary fixa-
tions in one of subtasks (sub-task 1). The same tendency was observed in 
TR-7000M when performing sub-task 2. These results may indicate that 
critical information relating to the hierarchical menu structure as well as 
user guide functions needed to complete sub-tasks 1 and 2 are lost in the 
current two models (GC-10, and TR-7000M). Based on results, we are 
convinced of the great potentials of eye movement analysis to enhance 
usability of medical equipment.

ProlongED Ex-vivo WarM PErfusion of KiDnEys using a 
blooD-DErivED PErfusatE
Brian W Gray, Mohammad H Dar, Yamaan Saadeh, andrew W Shaffer, 
Jeffrey D Punch, alvaro Rojas-Pena, Robert H Bartlett. General Surgery - 
Extracorporeal Life Support Research Laboratory, University of Michigan, 
Ann Arbor, MI.

Purpose: Organ shortage is a major limitation in transplantation. 
ex-vivo warm perfusion of organs could extend the timeline for organ 
donation from hours to days, but the limitation of flow-controlled warm 
perfusion is 6-8 hours. We evaluated the feasibility of >20 hour pressure-
controlled pulsatile warm perfusion of kidneys with a blood-derived 
perfusate. Methods: Ten kidneys from swine donors were procured in 
an acute non-sterile preparation and cold-stored for 3±1 hours prior to 
being placed in the perfusion apparatus. This consisted of a modified 
RM3 pulsatile perfusion pump and cassette (Waters Medical Systems, 
Minneapolis, Mn) and a hollow fiber oxygenator (MC3, ann arbor, MI) 
connected to an O2 and CO2 mixed gas tank. The perfusate was autolo-
gous blood-derived, with a ~13% hematocrit. Warm (25-32oC) pulsatile 
perfusion was performed with a goal of maintaining perfusion pressure 
<50/30mmHg. Organ failure was defined as a renal resistance index 
(RRI) of >1.0mmHg/ml/min.  results: all kidneys were successfully 
perfused for over 13 hours. all kidneys had mild urine output 2±2ml/
hr, due to perfusion temperature and low pressure perfusion. Six kid-
neys failed (RRI >1.0mmHg/ml/min) at 15±2.5 hours with a pattern of 
increasing RRI and organ edema. However, four kidneys were success-
fully perfused for: 21, 22, 22.5 and 25 hours; the last one was ended 
electively with a RRI of 0.78mmHg/ml/min.  conclusions: Prolonged ex-
vivo warm organ perfusion is feasible using a pressure-controlled system 
with blood-derived perfusate. These findings are unprecedented in our 
experience and offer hope for longer organ viability with improvements 
in perfusate quality and perfusion sterility.

circulating PlasMa MicrovEsiclEs (Mvs) in sEPsis arE 
PotEntial bioMarKErs anD MEDiators of tissuE injury 
anD arE not EfficiEntly rEMovED by stanDarD convEctivE 
tEchniquEs
Vincenzo Cantaluppi, Federico Figliolini, Davide Medica, alessandro D 
Quercia, Giuseppe P Segoloni, Giovanni Camussi. Nephrology, Dialysis 
and Renal Transplantation Unit, University of Turin, Italy.

Microvesicles (MVs) are small particles (60-150 nm size) detect-
able in plasma and released by activated leukocytes and platelets 
during sepsis. The aim of this study was to isolate and characterize 
MV from plasma of septic patients, to correlate their concentration 
with outcome and severity of illness and to evaluate their removal by 
standard convective techniques. Plasma samples were collected from 
septic patients (n=30) to analyze MVs (FaCS and nanosight). RIFle/
SOFa scores were calculated. low (30 ml/Kg/hr) or high (70 ml/Kg/hr) 
volume hemofiltration (HF) was performed. In vitro, whole blood was 
activated by 1 mg/ml lPS and subjected to HF with different reinfusion 
flow rate (2.5, 5 or 10l/hr) in presence of heparin or sodium citrate. 
Plasma MV concentration was higher in dead than survivors and cor-
related with the number of organ failures including acute kidney injury. 
MVs express Fas-ligand/CD40-ligand, microRnas and induced micro-
vascular injury. During low and high volume HF, plasma MV concen-
tration remained stable and a small percentage of MVs (0.1-1%) was 
detected in the ultrafiltrate. Similar findings were observed in vitro where 
the increase of convective dose did not enhance MV removal. By con-
trast, sodium citrate but not heparin significantly reduced MV plasma 
concentration. During sepsis, plasma MVs are potential biomarkers of 
disease and mediators of microvascular injury. Despite their small size, 
MVs are not efficiently removed even by high volume HF. Sodium citrate 
may exert a protective effect by blocking intracellular calcium essential 
for MV release form leukocytes and platelets.

high cut-off (hco) hEMoDialyzErs EfficiEntly rEMovE 
iMMunoglobulin frEE light chains (flc) anD rEDucE 
tubular EPithElial cEll (tEc) injury inDucED by PlasMa of 
PatiEnts With MultiPlE MyEloMa (MM)
Vincenzo Cantaluppi, Davide Medica, alessandro D Quercia, Massimo 
Gai, Gianluca leonardi, Cesare Guarena, luca Besso, Giuseppe P 
Segoloni. Nephrology, Dialysis and Renal Transplantation Unit, University 
of Turin, Italy.

Patients with MM develop acute kidney injury (aKI) due to FlC 
deposition in TeC. HCO hemodialyzers can remove FlC allowing renal 
recovery. The aim of this study was to correlate FlC removal by HCO fil-
ters with urine nGal, retinol binding protein (RBP) or 1-microglobulin 
(1-M) and with the pro-apoptotic effect of MM plasma on cultured 
TeC. We selected 5 MM patients (Iga  type) with aKI requiring dialysis 
(HCO Theralite Gambro, 18 sessions of 6 hr, blood flow 250 ml/min, 
dialysate flow 500 ml/min). Plasma FlC and urine nGal were analyzed 
by nephelometry. Urine immunoelectrophoresis was performed. In 
vitro on TeC, we evaluated FlC binding by FaCS/immunofluorescence, 
MM plasma-induced apoptosis (TUnel, caspase-3 activity) and nGal 
mRna/protein expression. at study admission, mean serum creatinine 
was 6.74±1.12 mg/dl, plasma FlC 10246.53±2249.38 mg/l, urine 
nGal 226.73±41.85 ng/ml, RBP 62.82±12.64 mg/g creatinine, 1-M 
287.28±39.75 mg/g creatinine. We found that 4/5 (80%) of MM patients 
recovered renal function after HCO treatment. after 5 days, we observed 
the removal of more than 50% FlC and a decrease of urine nGal, RBP 
and 1-M. In vitro, MM plasma induced dose-dependent TeC apoptosis 
via caspase activation and an increase of nGal mRna/protein expres-
sion. HCO treatment significantly reduced FlC binding to TeC and MM 
plasma-induced apoptosis and nGal up-regulation. HCO dialysis effi-
ciently remove FlC and reduced MM plasma-induced TeC apoptosis. 
Urine nGal, RBP or 1-M and in vitro TeC apoptosis are useful bio-
markers to evaluate FlC removal by HCO filters and renal recovery.
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charactErization of thE DiffusivE ProPErtiEs of sili-
con nanoPorous MEMbranEs for a rEnal EPithElial cEll 
biorEactor
Peter Soler,1 Rishi Kant,2 Paul Brakemen,3 William Fissell,4 Dorian 
liepmann,5 Shuvo Roy.2 1Chemical & Biomolecular Engineering, 
University of California, Berkeley, CA; 2Bioegineering & Therapeutic 
Science, University of California, San Francisco, CA; 3Pediatrics, 
University of California, San Francisco, CA; 4Biomedical Engineering, 
Cleveland Clinic, Cleveland, OH; 5Bioengineering, University of 
California, Berkeley, CA.

Purpose: Development of a clinically successful bioartificial kidney 
(BaK) comprising a hemofilter and bioreactor will require continuously 
operating, small-scale filtration systems. Our proposed device will be 
based on silicon nanopore membranes (SnMs) that will provide both 
the support and immunoisolation for renal epithelial cells. although 
cell-based active transport is the primary reabsorption mechanism in 
the renal epithelial cell-based bioreactor unit, transport within the adja-
cent SnM is governed by diffusion. Optimal design of the bioreactor 
will require characterization of the convective and diffusive transport of 
water, salt, urea, and creatinine through these membranes. Methods: In 
order to measure the diffusive permeability of the SnMs a machined 
acrylic flow cell was used. On one side of the membrane, a concen-
trated sample solution of naCl (130 mM, 58 MW), urea (20 mg/dl, 60 
MW) and creatinine (5 mg/dl, 113 MW) was pumped continuously at 4 
ml/min with use of a peristaltic pump. The opposing side was flushed 
continuously with DI-H2O pumped at 4 ml/min. experiments were run 
for 2-12 hrs, after which the change in solute concentrations of the sam-
ple solution were analyzed.  results: Measured diffusive permeabilities 
were 1.87e-6, 1.97e-6, and 1.64e-6 m/s for naCl, urea, and creatinine, 
respectively, which were within 10% of theoretical values. conclusion: 
The effective diffusion through a SnM is on the same order as com-
mercial hemodialyzer membranes. Moreover, membrane resistance is 
sufficiently low to allow the bioreactor system to be cellular-transport 
limited. Future work on the bioreactor can now be focused on cell via-
bility and performance.

DEvEloPMEnt of an autoMatED PErfusion systEM for 
organ rEsuscitation anD ProcurEMEnt
David S Demos,1 nick Teman,1 emilia Fracz,2 Brian Gray,1 David 
Colturi,1 Dan Mazur,2 alvaro Rojas-Pena,1 Jeff Punch,1 Robert Bartlett.1 
1Extracorporeal Support Laboratory, University of Michigan, Ann Arbor, 
MI; 2Research and Development, MC3 Corporation, Ann Arbor, MI.

extracorporeal Support (eCS) resuscitates abdominal organs to trans-
plantable status in donors after cardiac death (DCDs). Use is limited 
by circuit complexity, qualified personnel, and difficulties with inlet 
pressure. The automated Perfusion System (aPS) is a novel eCS circuit 
designed to simplify organ donation via improved pump technology 
and automating gas flow. Methods: 5 swine (30Kg) were used as DCDs 
with the aPS and compared to standard eCS DCD swine (n=2) using a 
standard eCS circuit. anesthetized swine were instrumented for hemo-
dynamics. Heparin was given and cardiac arrest was achieved by apnea. 
after death, eCS access was obtained via the iliac vessels and warm 
ischemia time was extended to 30min. eCS was initiated for 4 hours 
using the aPS. Run characteristics, hemodynamics, and blood samples 
were collected throughout the run.  results: eCS was established in all 
DCDs. Target flows were achieved 45 minutes earlier in aPS swine and 
maintained above 60 ml/kg/min throughout the study. eCS DCD flows 
were achieved after 75 minutes and peaked at lower flow (57 ml/kg/
min). Perfusion pressure was higher in the aPS group (76 ± 5 mmHg), 
compared to 66.5 ± 2 mmHg in the eCS DCD group. excessive nega-
tive inlet pressures resulted in greater fluid administration in the eCS 
group, demonstrated by corrected hemoglobin showing hemodilution. 
Kidneys were well-resuscitated in the aPS group as observed in urine 
output (10 ml/kg/hr) and RaF (383 ml/min). conclusion: The aPS is a 
novel device that simplifies eCS in DCDs. The improved pump and oxy-
genation system enhances organ perfusion and pump runs. aPS achieves 
appropriate respiratory acid-base balance in real-time without waiting 
for blood work.

acEtatE-frEE biofiltration (afb) can iMProvE inflaMMa-
tory status in EsrD PatiEnts inDEPEnDEntly froM nutri-
tional status
Toshiyuki Yano, Tomoyuki Takaki, Kenji Hara, Takashi Harada, Yuko 
Maruyama, Yoshiaki lee, Satoshi Funakoshi. Division of Blood 
Purification, Nagasaki Kidney Center, Nagasaki, Japan.

background: aBF is reported to be a highly biocompatible dialysis 
mode based on acetate-free dialysate and bicarbonate infusion. It allows 
better control of metabolic and immunological aspects, as well as car-
diovascular stability. Purpose: We hereby focused on the effects of aBF 
on inflammatory status. subjects and Methods: Twenty-three outpatients 
(17 males, 6 females) treated with conventional HD in our facility were 
enrolled in this study with appropriate IC, the dialysis mode was con-
verted from HD to aBF, then various parameters were analyzed includ-
ing high-sensitivity C-reactive protein(CRP). Those who had documented 
infection were excluded.  results: The median age of subjects was 54.37 
years old (range 44-74), and the median HD duration was 8.5 years (range 
3.5-34.5). as shown in the figure, CRP was significantly decreased from 
1.52±0.87 to 0.51±0.36 (P<0.00001) 6 months after converted to aBF 
from HD, whereas other parameters including albumin or pcr stayed the 
same. conclusions: aBF can potentially improve chronic inflammation 
independently from nutritional status in HD patients.

hoW to ExPlain inflaMMatory rEactions obsErvED in 
PEritonEal Dialysis?
Jörg Vienken, Sabine Witt, Rudolf Kunze. BioSciences, Fresenius Medical 
CAre, Bad Homburg, Germany; BioMetec, University of Greifswald, 
Greifswald, Germany; Campus Max Delbrück Centre, Berlin, Germany.

objectives: Fluids used as osmotic agents for peritoneal dialysis may 
induce adverse clinical effects as reported in the literature. We tested the 
hypothesis whether complement activation induced by polysaccharides 
in PD-fluids may be responsible for these effects due to the presence of 
their hydroxyl moieties. Methods: Six different polysaccharides of vary-
ing molecular weight were analyzed for their complement activating 
potential. Sugars assessed: glycogen (oligomeric sugar), maltose, sucrose 
(dimeric sugars), as well as inulin, starch and gluco-pyranose-polymer 
(polymeric sugar). Two strategies were applied: 1. Polysaccharides in 
solution were submitted to complement assays. 2.Polysaccharides, mod-
ified as adducts to activated human serum albumin, were immobilized at 
the surface of microtiter plates and incubated with complement-contain-
ing serum. after incubation at 37°C for 1 hour, aliquots were collected 
and stored at 4°C. The formation of the stable split product C3a-desarg 
was assessed with the MicroVue enzyme Immunoassay in triplets of 
aliquots.  results: Complement activation is found with soluble as well 
as with immobilized polysaccharides, independent of their chemi-
cal composition. The C3a increment ranged from 12 to 60µg C3a/ml. 
C3a-generation is found in similar pattern in both experimental series. 
Thus, polysaccharides used in PD as osmotic agents may be involved in 
the stimulation of the immune system. conclusion: In vitro evidence 
is provided that therapeutically used polysaccharides may induce the 
activation of the alternative complement pathway and may contribute to 
aseptic inflammatory processes, e.g., seen in PD.
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a WEarablE blooD PuMP systEM to EnablE artEriovEnous 
fistulaE
Howard M loree,1 Fn Franano,2 elyse G Bailey,1 Robert D ainsworth,3 
Steve P Woodard,3 Geoff D Tansley.4 1Flow Forward Medical LLC, Lowell, 
MA; 2Novita Therapeutics LLC, Olathe, KS; 3CIRTEC Medical Systems, 
Los Gatos, CA; 4School of Engineering, Griffith University, Gold Coast, 
QLD, Australia.

Purpose: The arteriovenous fistula (aVF) is the preferred form of vas-
cular access for hemodialysis in end-stage renal disease patients. When 
an aVF is created, elevated wall shear stress (WSS) in the outflow vein 
results in dilation and maturation, but WSS levels cannot be controlled 
and cyclic stretch of the vein wall from pulsatility causes wall thickening, 
obstruction, and aVF failure. Flow Forward Medical is developing the 
arteriovenous Fistula eligibility (aFe) SystemTM to dilate veins prior to aVF 
creation by delivering non-pulsatile blood into the vein and controlling 
WSS levels, thereby increasing aVF eligibility and reducing maturation 
failure. Methods: The aFe System comprises a centrifugal extracorporeal 
blood pump, inflow and outflow conduits, a pump lead, and a battery 
powered controller. The device is placed by a vascular surgeon, used for 
4 - 6 weeks to pump blood from the right atrium to a peripheral vein, 
and then removed during aVF creation. results: Testing of aFe System 

prototypes confirmed the 
required hemodynamic 
performance (100 - 1000 
ml/min of flow), minimal 
blood damage (mg nIH = 
23.9 ± 19.9 mg/100l 
at 500 ml/min, n=5), 
and in vivo feasibility in 
a 1-day porcine study. 
 conclusion: The aFe Sys-
tem shows promise as a 

treatment for both aVF ineligibility and aVF maturation failure, for which 
there are currently no FDa-approved treatments. Further nonclinical 
studies are planned.

in vivo stuDy of a rotary blooD PuMP systEM to EnhancE 
artEriovEnous fistula Eligibility
Fn Franano,1 Howard M loree,2 adam Groothuis,3 alan W laRochelle,3 
elyse G Bailey,2 Robert D ainsworth,4 Steve P Woodard,4 Geoff D 
Tansley.5 1Novita Therapeutics LLC, Olathe, KS; 2Flow Forward Medical 
LLC, Lowell, MA; 3CBSET, Inc., Lexington, MA; 4CIRTEC Medical Systems, 
Los Gatos, CA; 5School of Engineering, Griffith University, Gold Coast, 
QLD, Australia.

Purpose: The arteriovenous fistula (aVF) is the preferred form of vas-
cular access for hemodialysis in end-stage renal disease patients. Flow 
Forward Medical’s arteriovenous Fistula eligibility (aFe) SystemTM is 
designed to dilate peripheral veins to improve aVF eligibility and reduce 
aVF maturation failure. The device promotes vein dilation prior to aVF 
creation by increasing vein wall shear stress (WSS) and stimulating vas-
cular remodeling. Methods: The aFe System prototype used in this study 
comprises a small, extracorporeal centrifugal blood pump, heparin-
coated inflow and outflow conduits, and a power base unit. The device 
was implanted in a 26 kg pig in a right atrium to left saphenous vein con-
figuration using an end (conduit) to side (vein) anastomosis. aFe System 
flow and vein anastomosis pressure were recorded and angiography was 
performed at pump speeds of 4000 and 6000 rev/min. results: During 
the one-hour study, aFe System flow increased from a baseline of 10 ml/
min to a maximum of 700 ml/min at 6000 rev/min. conclusion: The 
study demonstrated the feasibility of the aFe System in vivo and showed 
the suitability of the pig saphenous vein model. longer term pig studies 
are planned that will characterize saphenous vein dilation in response 
to elevated WSS levels.

autoMatED rca 3: WEb-sErvEr basED PrEscribing MoDulE, 
systEM tElEMEtry anD Data archival
Gerard a Zasuwa, Balazs Szamosfalvi, Jerry Yee. Nephrology, Henry 
Ford Health System, West Bloomfield, MI.

as a natural evolution of our inpatient rounding logging software, an 
online, web-based application that tracked hemodialysis (HD) ordering 
was implemented, as it was essential to track dialysis treatments with 
clinical outcomes. Initial orders were confined to 10-24 hour sustained, 
low-efficiency dialysis (SleD) treatments due to the complexities of cal-
cium and citrate infusions that are dependent on albumin and hemo-
globin concentrations. Hardware and software consisted of off-the-shelf 
commercial software from FileMaker Pro Server (FP), lasso and apache 
that ran on apple- and Windows-based computers. Ultrafiltration calcu-
lators were included to increase patient safety and reduce error. a medi-
cal grade all-in-one computer (Cybernetman) provided data capture 
and wireless routing to a server. In concert with HD, electronic order 
entry and the rounding logger, the system could remotely, and in real-
time, provide machine data from 6 Fresenius K HD machines for central 
monitoring in the acute care HD unit. The system provides extensive 
alarm condition and treatment data for 10-h and 24-h SleD therapy. as 
a result, remote monitoring of HD and rapid response to site-specific 
machine alarms was possible. Since 2009, 1650 orders were entered 
and monitored. lastly, remote data access is feasible via iPhones, iPads, 
and BlackBerry smartphones.

PrEliMinary assEssMEnt of a ParallEl-PlatE hEMofiltra-
tion cartriDgE for iMPlantablE rEnal rEPlacEMEnt 
thEraPy
James a Heller,1 Rishi Kant,1 Mark Goodin,2 Jeremy Durack,1 Maythem 
Saeed,1 Steven Hetts,1 Mark Wilson,1 Paul Brakeman,1 William Fissell,3 
Shuvo Roy.1 1Bioengineering & Therapeutic Sciences, UCSF; 2SimuTech 
Group; 3Nephrology & Hypertension, Cleveland Clinic.

We are developing an implantable hemofilter for a bioartificial kid-
ney that will provide pump-free ultrafiltration using silicon nanopore 
membranes (SnM). Towards this goal, we have evaluated the blood 
compatibility of a cartridge design for housing SnM using computer 
modeling, bench top experiments, and an ex-vivo animal test. anSYS 
and COMSOl software were used to evaluate flow characteristics of 
blood directed through a cartridge design containing the flat-sheet SnM 
stacked in a parallel plate arrangement. Geometrical parameters were 
optimized to maximize flow uniformity and flux, while minimizing pres-
sure drop, stagnations zones, and shear rates. a scaled-down prototype 
cartridge was machined from titanium and aluminum, and mounted 
with solid silicon chips surface modified with a thin layer of polyethyl-
ene glycol (PeG) to enhance hemocompatibility. Bench top experiments 
were conducted with deionized water and saline to test for leaks, and 
measure pressure drop. The device was tested in an extracorporeal arte-
rio-venous (aV) circuit in a porcine model and blood flow was imaged 
using x-ray fluoroscopy. Simulations revealed that the cartridge design 
exhibited uniform flow characteristics for blood flow rates of up to 300 
ml/min with 1 mm pressure drop. Bench top testing of the prototype 
confirmed leakage-free operation with water at 258 mmHg and flow 
rates of 240 ml/min along with 10 mmHg pressure drop to overcome the 
resistance of the 3 mm-diameter cartridge connections. Blood flow was 
established successfully via renal aV circuit in an anesthetized mini-pig. 
The extracorporeal circuit was operated successfully without any evi-
dence of thrombosis for over 2 hours.
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novEl aciD- anD bicarbonatE concEntratEs for a largE 
Dialysis PrograM With rEgional citratE anticoagula-
tion (rca)
Balazs Szamosfalvi, Stanley Frinak, Jerry Yee. Division of Nephrology, 
Henry Ford Hospital, Detroit, MI.

We developed simple, inexpensive 24-hour sustained low efficiency 
dialysis (SleD) with near-automated regional citrate anticoagulation 
(RCa) on a commercial hemodialysis machine. RCa has eliminated 
blood clotting with 4-9 patients receiving the therapy daily. However, 
since in SleD-RCa >90% of citrate is removed on the dialyzer, the use of 
a calcium-free dialysate is mandatory to maintain a low ionized Ca and 
anticoagulation on the venous end of the blood circuit. The conductivity 
sensor cannot detect the presence or absence of dialysate Ca. To avoid 
mix-up of Ca-containing (3Ca) and Ca-free (0Ca) acid concentrates, we 
provide all 3Ca acids at 45X proportioning in 2.5 gallon jugs and all 0Ca 
acids at 35X proportioning in 5-gallon jugs. all SleD-RCa machines use 
35X proportioning and are identified by labels and an attached RCa 
Monitor computer. all non-RCa machines use 45X proportioning. We 
mix acetate-free acid concentrates with 0.8 mM citric acid from dry 
powder provided by a vendor. Ca-containing 45X 2K/3Ca, 3K/3Ca and 
4K/3Ca acids are stored in 500-gallon tanks. Ca-free 35X 2K/0Ca, 3K/0Ca 
and 4K/0Ca acids are stored in 250-gallon tanks. We mix 35X and 45X 
bicarbonate in two separate areas with dedicated mixers. However, the 
mix-up of a 35X vs a 45X bicarbonate concentrate would only create a 
negligible 1.3 meq change in the final dialyate sodium and bicarbonate 
levels. Mix-up of a 45X 3Ca vs 35X 0Ca acid would cause a conductivity 
alarm due to the 30% different na-content. Finally, we designed a phos-
phate supplemented bicarbonate concentrate to generate final dialysate 
with 2 to 4 mg/dl P content in any combination with the above 35X or 
45X acids.

autoMatED rEgional citratE anticoagulation (rca): sci-
Entific PrinciPlEs
Balazs Szamosfalvi, Stanley Frinak, Jerry Yee. Division of Nephrology, 
Henry Ford Hospital, Detroit, MI.

Regional citrate anticoagulation (RCa) during hemodialysis has been 
used for more than 30 years and promises 100% effective anticoagu-
lation and reduction of inflammatory activation of blood without any 
bleeding risk or systemic side effects. However, while many protocols 
were described, none of them gained widespread use due to persistent 
concerns about the empiric nature and complexity of the procedure 
and the seemingly unpredictable risk of profound electrolyte compli-
cations, particularly in patients with severe liver failure. The feasibility 
of safe, complete automation of the RCa procedure for most current 
dialysis machines and any patient regardless of liver function is disclosed 
using simple, existing dialysis engineering solutions. a complete analy-
sis of unique solute kinetics during RCa in the circuit and the patient is 
shown to favor prescriptions with very high (>80%) single pass citrate 
removal on the dialyzer. novel and simple dosing algorithms for the 
citrate- and calcium infusions are based on circuit blood flow, systemic 
plasma albumin level and the integration of an optical hemoglobin sen-
sor into the blood circuit to calculate circuit plasma flow. Ca-free, com-
mercial dialysates with normal bicarbonate content optimize system 
performance. a proof of concept online filter effluent citrate- and cal-
cium sensor will allow safe and completely automated RCa use beyond 
the intensive care unit in novel clinical settings including home noctur-
nal dialysis and in-center, out-patient hemodialysis. The system design 
was thoroughly analyzed and all complex, costly or malfunction-prone 
technology was systematically eliminated or replaced with simpler, less 
costly and more reliable solutions.

onlinE citratE- anD calciuM sEnsing During rEgional 
citratE anticoagulation (rca)
Balazs Szamosfalvi, Stanley Frinak, Jerry Yee. Division of Nephrology, 
Henry Ford Hospital, Detroit, MI.

Using existing, simple and low cost engineering solutions in a novel 
combination, we developed an automated regional citrate anticoagula-
tion (RCa) Monitor which can be programmed to eliminate blood clot-
ting from any dialysis procedure without the risk of complications. To 
further enable the safe use of the RCa Monitor e.g. in home nocturnal 
dialysis with single needle access, we developed a filter effluent cal-
cium- and citrate sensor. The sensor is deployed in the waste dialysate 
stream to avoid patient safety and bio-fouling concerns with the technol-
ogy. Following an effluent sampling and single measurement solution 
mixing step, the citrate and calcium levels are determined with clinically 
sufficient accuracy using spectroscopy readout of the indicator displace-
ment assays (IDa). The second generation of this device will be capable 
of continuous (flow-through) detection of both analytes, and will no 
longer require a measurement solution or moving parts. The planned 
clinical applications are well defined and justify as well as guide the 
technology development. The module will be a secondary safety sen-
sor for the RCa Monitor, a dialyzer citrate clearance monitor, a fresh 
dialysate composition monitor to detect the correct use of a calcium-free 
dialysate, an indirect patient systemic plasma total calcium level moni-
tor to detect the development of systemic hypocalcemia due to a clinical 
condition (e.g. acute pancreatitis) or system failure (e.g. Ca-infusion line 
leak). Finally, indirect monitoring of systemic plasma citrate levels and 
hence liver metabolism of citrate may allow us to use the module as an 
online liver function monitor, for instance in combined liver-renal sup-
port systems.

in vitro MoDEling of vEin Wall shEar strEss lEvEls aftEr 
avf anD afE systEM PlacEMEnt
Fn Franano,1 elyse G Bailey,2 Howard M loree,2 Geoff D Tansley.3 1Novita 
Therapeutics LLC, Olathe, KS; 2Flow Forward Medical LLC, Lowell, MA; 
3School of Engineering, Griffith University, Gold Coast, QLD, Australia.

Purpose: The preferred form of vascular access for hemodialysis in 
end-stage renal disease patients is the arteriovenous fistula (aVF). Flow 
Forward Medical’s arteriovenous Fistula eligibility (aFe) SystemTM is 
designed to dilate peripheral veins over 4-6 weeks, improve eligibility 
for aVF, and reduce aVF maturation failure. The device promotes vascu-
lar remodeling and dilation by pumping blood into peripheral veins at 
steady wall shear stress (WSS) levels of 2.5 - 10 Pa. a mock circulatory 
loop was used to study WSS levels in outflow veins after aVF and aFe 
System placement. Methods: For the aVF configuration, a BP-80 pump 
was used to generate a mean arterial pressure of 140 mmHg in a 100 
cm mock artery connected to a 50 cm mock vein of 2, 3, 4, 5, or 6 
mm ID. For the aFe configuration, Flow Forward’s prototype centrifugal 
blood pump was used to draw blood from a mock right atrium through 
a 100 cm conduit and pump it into a mock vein. a blood analog solu-
tion of 35% w/w glycerine at 22 °C was used. Vein pressure and flow 
were recorded and WSS was calculated assuming Hagen-Poiseuille flow. 
results: For the simulated aVF, WSS varied with vein diameter. Relative 
to the target range of 2.5 - 10 Pa, WSS was higher in small veins and 
lower in large veins. During simulated aFe treatment, WSS was main-
tained within the target range for all simulated vein diameters by varying 
pump speed. conclusion: Results suggest the aFe System can deliver a 
more controlled and optimal WSS dose to peripheral veins when com-
pared to aVF creation. next steps include acute in vivo studies to vali-
date the model and chronic in vivo studies to determine the optimal WSS 
dose and treatment time for vein dilation.
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onlinE blooD voluME, hEMoglobin, anD oxygEn satura-
tion sEnsing During crrt
lenar Yessayan, Jerry Yee, Stan Frinak, Balazs Szamosfalvi. Nephrology, 
Henry Ford Hospital, Detroit, MI.

Sustained low efficiency dialysis with regional citrate anticoagulation 
(SleD-RCa) provides a platform for inexpensive, noninvasive continuous 
monitoring of several hemodynamic parameters in critically ill patients 
treated with renal replacement therapy. These hemodynamic parameters 
include central venous oxygen saturation, hemoglobin and changes in 
blood volume. SleD-RCa utilizes the optical hemoglobin concentration 
with oxygen sensor (HCHS) to facilitate removal of large volumes of 
fluid (up to 12l/d), while minimizing morbid complications such as int-
radialytic hypotension. SleD-RCa optimizes the reliability of the optical 
HCHS by maintaining the optical blood chamber free of clots throughout 
the duration of renal replacement therapy, whereas traditional continu-
ous renal replacement therapy systems render the optical sensor unreli-
able either because of significant pre-sensor dilution with large volumes 
of replacement fluid or clotting in the blood chamber with time. The 
unique combination of SleD-RCa with a circuit sensor also introduces a 
potential cost-savings to healthcare institutions by obviating the need for 
an additional central venous catheter placement, solely for the purpose 
of venous oxygen monitoring. SleD-RCa with HCHS, when properly 
used in combination with other hemodynamic monitoring tools in the 
ICU, may help in achieving effective volume control, while minimizing 
potential complications.

Evaluation of tEloMErasE-iMMortalizED huMan Proxi-
Mal tubulE cElls for usE in a bioartificial KiDnEy
Chao-Zong lee,1 William Fissell,3 Shuvo Roy,2 Paul Brakeman.1 
1Pediatrics, University of California, San Francisco; 2Department of 
Bioengineering and Therapeutic Sciences, University of California, San 
Francisco; 3Department of Biomedical Engineering, Cleveland Clinic 
Lerner Research Institute.

Development of a bioartificial kidney (BaK) comprising a hemofilter 
and bioreactor requires a source for a large number of renal tubule cells 
to populate the bioreactor. We characterized a telomerase-immortalized 
human proximal tubule cell line for properties required for use in a BaK. 
Methods: Primary human proximal tubule cells immortalized by expres-
sion of human telomerase were cultured on polycarbonate filter supports 
for 1-3 months and exposed to serum-free media containing urea (80 mg/
dl) and creatinine (20 mg/dl) on the apical side and serum-free media 
alone on the basal side. The change in volume of the compartments and 
concentrations urea and creatinine were measured after 24 hours. We 
have proposed a BaK device based on silicon nanopore membranes 
(SnMs). In order to test possible design characteristics for this device 
using telomerase-immortalized human proximal tubule cells we tested 
the ability of these cells to transport across SnMs.  results: Water trans-
port for telomerase-immortalized human proximal tubule cells under 
static conditions at 3 months was 79 +/- 8.3 ul/cm2/day. This transport 
was entirely ouabain-sensitive indicating the active nature of the trans-
port. The retention of urea and creatinine in the apical compartment after 
24 hours was 94+/-2% and 83+/-2%. Cells grown on a polycarbonate 
filter support glued to a SnM demonstrated water transport of 47.2 +/- 13 
ul/cm2/day. conclusion: Primary human proximal tubule cells immor-
talized by expression of telomerase demonstrate water transport and 
barrier function after 3 months of culture. In addition, they demonstrate 
water transport across SnMs as required for the final SnM-based BaK.

in vitro fEasibility assEssMEnt of a MobilE systEM to initi-
atE acutE carDio/PulMonary/rEnal assistancE
George M Pantalos. Cardiovascular Innovation Institute, University of 
Louisville, KY.

Soldiers with serious injuries may experience shock and acute multi-
organ failure necessitating evacuation to a higher level care center. We 
explored the ability to initiate cardiac/pulmonary/renal assistance to 
stabilize a patient at a field hospital prior to transport and to maintain 
assistance during transport. Coupling a dialyzer to the outflow of an inte-
grated cardiopulmonary support device creates a small, transportable 
system. This system is compatible with a critical care litter (e.g. lSTaT) 
and requires minimal power and adds minimum weight and complexity. 
a circulation test loop filled with a blood analog fluid was used to test 
this concept. The loop incorporated femoral artery and vein cannulae 
(19 Fr and 23 Fr, Medtronic Bio-Medicus, Minneapolis Mn) connected 
to the inflow and outflow ports of a pediatric integrated pump/oxygen-
ator (pCaS, ension, Inc., Pittsburgh Pa). a dialyzer (Polyflux, Gambro, 
Germany) was connected in parallel with the pump/oxygenator outflow 
tubing. The top of an exchangeable 5 l dialysate bag was hung 75 cm 
above the dialyzer to hydrostatically drive dialysate inflow. an empty, 
5 l bag collected dialysate outflow. With resistances in the flow paths 
adjusted, a pump/oxygenator outflow of 1.0 l/min was achieved while 
blood flow through the dialyzer was 282 ml/min at an arterial pressure of 
80 mm Hg; dialysate flow rate was 250 ml/min. These flow rates are suf-
ficient for beneficial clearance of urea and creatinine. a scaled up ver-
sion of the pump/oxygenator will be needed for adequate systemic flow 
and gas exchange. These data suggest that this approach to acute organ 
support during transport of a critically injured soldier is feasible.

anticoagulation During hEMoDialysis
Balazs Szamosfalvi. Division of Nephrology, Henry Ford Hospital, 
Detroit, MI.

Clotting of the blood circuit of renal support machines has remained 
and unsolved problem for seventy years. The challenge is formidable: we 
may use blood flows 40 ml/min to 500 ml/min, for up to 24 hours a day 
and the blood pump may often stop due to alarms. This results in stag-
nant blood either over the massive, artificial surface of the hollow fiber 
kidney or in thick cylinders e.g. in the arterial or venous drip-chambers. 
Turbulent blood flow and the development of air-blood interfaces is still 
possible in many contemporary circuits. Multiple IV medications can be 
used to reduce the activation of the clotting cascade and platelets. all of 
these have limited efficacy and are associated with variable degrees of 
systemic bleeding risk except regional citrate anticoagulation (RCa). a 
simple, near-automated, inexpensive form of this procedure developed 
on a commercial hemodialysis machine for all intensity and duration of 
renal support is safely applicable to all patients without any risk of com-
plications and has eliminated blood clotting in our 24-hour continuous 
renal replacement therapy program. This RCa procedure will be fully 
automated in the near future using mostly a novel combination of exist-
ing, simple, low-cost engineering solutions. emerging, alternative anti-
coagulation technologies include historical anticoagulants (e.g. heparin) 
bonded to the circuit surfaces, selective Ca-adsorption cartridges in the 
incoming blood pathway, and nanotechnology control of circuit surface 
topology and chemistry to prevent clotting and bio-fouling. Safety of 
these new methods will have to be proven and they will likely be judged 
against the benchmark performance of very low cost, automated RCa in 
future comparative effectiveness trials.
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autoMatED rEgional citratE anticoagulation Monitor 
(rca Monitor) DEvEloPED using graPhical PrograMMing
Stanley Frinak, Balazs Szamosfalvi, Jerry Yee. Nephrology, Henry Ford 
Health System, Detroit, MI.

Regional citrate anticoagulation for continuous renal replacement 
therapy requires staff to constantly monitor two infusion pumps, a dialy-
sis machine (DM) and a hemoglobin sensor (HS) in the extracorporeal 
blood circuit (eCS). Purpose: To offer ease of use and eliminate errors 
by staff, the RCa Monitor was developed using graphical programming 
software (labView) with the aim of providing an FDa approved device. 
Methods: Specifications for the RCa Monitor include an interface to 
input patient data used in an algorithm to determine the extracorpo-
real blood flow (Qb), dialysate flow (Qd), patient fluid removal rate and 
the infusion rates for citrate (CIT) and calcium (Ca). The RCa Monitor 
receives data from the infusion pumps and verifies the status of the CIT 
and Ca infusion pumps for on/off conditions, infusion rate and proper 
connection to the eCS. The RCa Monitor reads data transmitted by the 
dialysis machine to verify that the prescribed Qb and Qd are correct. 
The dialysis machine is also monitored for alarm states that will require 
changing the status of the infusion pumps. HS data, needed to calcu-
late eCS plasma flow, is used in an algorithm to adjust the Ca infusion 
rate. Data from the RCa Monitor can be transmitted to an internet based 
server for archiving. Preprogrammed modules allow the RCa Monitor to 
be adapted to any infusion pumps or dialysis machine.  results: Graphi-
cal programming and integrated I/O modules allowed rapid develop-
ment of the RCa Monitor. Future development will take advantage of the 
ability to transfer the current RCa Monitor program to a reconfigurable 
embedded control and acquisition system (CompactRIO) to produce a 
stand-alone device.

a rEgional blooD floW (rbf) MoDEl for glucosE-insulin 
KinEtics During hEMoDialysis (hD)
Daniel Schneditz,1 Magda Galach,2 Jacek Waniewski,2 Karl Thomaseth.3 
1Medical University Graz, Austria; 2Polish Academy of Sciences, Warsaw, 
Poland; 3Italian National Research Council, Padova, Italy.

The kinetics of glucose and insulin following the infusion of a stan-
dard glucose bolus during regular HD were examined using the RBF 
approach originally developed for HD urea kinetic modeling. The 
regional separation into high and low flow systems (HFS, lFS) charac-
terized by specific perfusion and volume parameters (fQH, fVH) was 
applied to insulin dependent () glucose utilization in the lFS (muscle, 
skin, bone) and insulin independent () glucose utilization in the HFS 
(blood, brain, internal organs). Pancreatic insulin secretion (a, C1) and 
hepatic insulin clearance () was allocated to the HFS. Glucose and 
insulin were assumed to distribute in the same volume (Vrbf). This RBF-
model was compared with a compact model recently applied to perito-
neal dialysis using the same model parameters except for the distribution 
volume (Vc). Six model parameters (C1, a, , , , Vrbf or Vc) were iden-
tified from experimental data obtained in eight non-diabetic HD patients 
reported elsewhere. Vrbf and Vc were compared to extracellular volume 
(Ve) estimated from anthropometric relationships. Parameters C1=13.0 
mmol/l, a=0.321 l/mmol, =8.15 l/min, =0.098 l/min, and =0.0026 
l2/(mU.mmol) were not different between models. With heterogeneous 
perfusion (fQH=0.8, fVH=0.3) Vrbf was larger than Vc (18.7 vs. 10.9 l), 
and pre-dialysis Ve (15.6±3.5 l). The discrepancy between Vrbf and 
Vc essentially disappeared with a homogeneous tissue perfusion. This 
analysis reveals a systematic difference between distributed and com-
pact glucose-insulin models as a result of heterogeneous tissue perfu-
sion especially with regard to distribution volume which is an important 
parameter for correct mass balance.

DEvEloPMEnt of a Multifunctional DEtoxifying unit for 
livEr failurE PatiEnts
Kyungsoo lee,1, 2 Dong Wook lee,2 Cho Hae Mun,3 Byoung Goo Min.4 
1Department of Internal Medicine, University of Michigan, Ann Arbor, MI; 
2Artificial Organ Division, AnC Bio Inc., Seoul, Korea; 3Interdisciplinary 
Program in Bioengineering, Seoul National University, Seoul, Korea; 
4Department of Biomedical Engineering, Seoul National University, 
Seoul, Korea.

extracorporeal blood detoxification strategies aimed at supporting 
impaired liver function have been explored because of the imbalance 
between donor organs and waiting patients. a limited number of artificial 
devices are now available clinically, and these are all characterized by 
the use of multi-stage adsorption procedures in conjunction with hemo-
dialysis, but these features simultaneously increase system complexity 
and treatment cost. Hence, the authors developed a simpler strategy for 
liver dialysis based on the use of a multi-functional filter, which enables 
plasma separation and its perfusion through adsorbents in a single unit. 

liver dialysis treatments were success-
fully performed using the devised unit 
without any problems, when a bovine 
blood containing uremic and hepatic 
toxins was circulated for 5 hours. Sol-
utes under investigation were signifi-
cantly removed, and reduction ratios 
of 78% for urea, 98% for creatinine 
and 91% for bilirubin were achieved. 
Furthermore, plasma free hemoglobin 
levels were reasonably well main-
tained despite prolonged blood recir-
culation over 5 hours, and platelet, 
hematocrit, and hemoglobin levels 

remained uniform throughout liver dialysis sessions. In conclusion, the 
devised liver support unit offers a straightforward, efficient, and cost-
effective means of cleansing blood for hepatic failure patients.

Many urEMic solutEs arE rEMovED lEss EffEctivEly than 
urEa by hEMoDialysis
Tammy lSirich, Frank JG luo, natalie S Plummer, Timothy W Meyer. 
Medicine, Stanford University, Palo Alto, CA.

The current study examined the degree to which levels of uremic sol-
utes are elevated in patients maintained on thrice weekly hemodialysis 
as compared to people with normal kidneys. Relative levels of 535 sol-
utes were assessed by mass spectrometry in pre-treatment samples from 
10 hemodialysis patients (HD) and 7 healthy controls (nl). Statistical 
analysis identified 225 solutes whose levels were higher in HD than nl 
with a false discovery rate of 0.05. For 86 solutes, the HD to nl (HD/nl) 
ratio exceeded 10 while the HD/nl ratio for urea was only 4. Solutes 
with high HD/nl ratios included organic acids known to be secreted 
by the native kidneys including hippurate, indoxyl sulfate, and p-cresol 
sulfate. The cause for a high HD/nl ratio was examined further by com-
paring the dialytic clearances (kd) and native kidney clearances (kn) of 
hippurate and urea in separate groups of 6 HD patients and 6 controls. 
Results showed (mean±SD, *p<0.05, urea vs hippurate): For urea, now 
used to assess dialysis adequacy, kd is high relative to kn so that treatment 
for ≤ 12 hours/week is sufficient to keep plasma levels from rising to 
more than a few times normal. But for hippurate, kd is much lower than 
kn, so that plasma levels rise much higher as compared to normal. Simi-
lar limitations in dialytic relative to native kidney clearance presumably 
account for the identification by mass spectrometry of numerous solutes 
with HD/nl concentration ratios much higher than that of urea. Failure 
to remove such solutes effectively may contribute to the residual illness 
experienced by dialysis patients.

Table 1.

Solute kd (ml/min) kn (ml/min) kd/kn HD/NL

Urea 255 ± 16* 56 ± 7* 4.6 ± 0.7*  4
Hippurate 115 ± 11 269 ± 113 0.5 ± 0.3 21
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