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Shear Induced Degradation of Signal Molecules in PI3K-Akt Pathway in
Human Platelets
S. Zheng,1 Z. Chen,2 M. Slaughter,3 Z. Wu.4 1Cardiovascular Innovation
Institute, University of Louisville, Louisville, KY; 2Department of Surgery,
University of Maryland School of Medicine, Baltimore, MD; 3Department
of Cardiovascular and Thoracic Surgery, University of Louisville, Louisville,
KY; 4University of Maryland School of Medicine, Baltimore, MD.

Controlled Gas Exchange in Whole Lung Bioreactors
A. J. Engler, M.S., 1 A. V. Le,2 P. Baevova,2 L. E. Niklason, M.D.,
Ph.D.3. 1Biomedical Engineering, Yale University, New Haven, CT;
2
Anesthesiology, Yale University, New Haven, CT; 3Biomedical Engineering,
Anesthesiology, Yale University, New Haven, CT.
Study: In cellular, tissue-level, or whole organ bioreactors, the level of
dissolved oxygen is one of the most important factors requiring control.
Hypoxic environments may lead to cellular apoptosis, while hyperoxic
environments may lead to cellular damage or dedifferentiation, both
resulting in loss of overall tissue function.
Methods: This work describes the creation, characterization, and validation of a bioreactor system that can control oxygen delivery based on
real-time metabolic demand of cultured whole lung tissue. A mathematical model describing and predicting gas exchange within the tunable
bioreactor system is developed. In addition, the inherent gas exchange
properties of the bioreactor and the inherent oxygen consumption rates
of native rat lungs are determined, thereby providing a quantitative
relationship between system parameters and levels of dissolved oxygen.
Finally, the mathematical model is validated during whole lung culture
under a range of system parameters.
Results: The system presented here provides a quantitative relationship
between the concentration of dissolved oxygen, tissue oxygen consumption rates, and controllable system parameters that introduce gasses into
the bioreactor. This relationship not only enables the maintenance of constant levels of dissolved oxygen throughout a culture period during which
cells are replicating, but also provides non-invasive and real-time estimation of the metabolic and proliferative states of native or engineered lung
tissue simply through dissolved oxygen measurements.

Study: Platelets are the unique cell fragments involved in physiologic
hemostasis and pathological thrombosis. They are subjected to activation,
receptor shedding and other changes in ventricular assist device (VAD)
therapy. We focus our study on platelet PI3K/AKT molecules, the most
important signal transduction pathway in platelet function.
Methods: To understand how shear stress affect platelet signal molecules,
blood from healthy donors was applied to an in-vitro device which mimic
the NPSS found in a typical VAD. Platelets isolated from the sheared blood
was analyzed by immunoblotting technique. Various combination of shear
stress (40, 75, 150 and 300 pa) and exposure time (0.05, 0.1, 0.5 and 1
second) were tested.
Results: The obtained data showed NPSS can cause platelet activation,
with decreased aggregation and adhesion. Under these shear-stresses,
the phosphorylation of AKT in p473 was not obvious. Instead, a dramatic
reduction in AKT and PI3K protein was revealed. Compared with several
loading control (actin, GAPDH and COXIV), p110 subunit of PI3K and total
AKT was significantly decreased; a decrease in mTOR signal was also
observed. Adding proteasome inhibitor MG132 to sheared blood can
protect PI3K/Akt proteins; Pre-incubated blood with PI3K inhibitor can
protect PI3K/Akt protein as well. Platelets from VAD implanted patients
were also tested. Similar to blood treated with shear stress in vitro, the
decrease in PI3K/AKT protein were found in two of four surgical patients,
30 minutes after VAD implanted. This is a novel finding in VAD study. It
may indicates (1) shear stress could trigger the degradation process of
important signal molecule proteins in human platelets; (2) ubiquitinproteasome system may involve. The NPSS related degradation of PI3K/
Akt molecules may weaken platelet aggregation and adhesion capability
when platelet were challenged with activation signal. This might be a
new mechanism for VAD related bleeding in patients and worth in-depth
study.
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A Novel Tissue Engineered Conduit for Use in Assisted Fontan
Circulation
C. R. Broda,1 H. Sriraman,2 L. Sampaio,3 I. Adachi,4 D. A. Taylor.3 1Pediatric
Cardiology, Baylor College of Medicine / Texas Children’s Hospital,
Houston, `TX; 2Rice University, Houston, TX; 3Regenerative Medicine
Research, Texas Heart Institute, Houston, TX; 4Congenital Heart Surgery,
Baylor College of Medicine / Texas Children’s Hospital, Houston, TX.

The Platelet Activity State Assay Can Detect Shear-mediated Platelet
Activation Associated with Thrombosis in LVAD Patients
F. Consolo,1 G. Sferrazza,2 M. Pieri,2 A. Zangrillo,1 A. Redaelli,3
M. J. Slepian,4 F. Pappalardo.1 1Anesthesia and Cardiothoracic Intensive
Care, Universitá Vita Salute - IRCCS San Raffaele Scientific Institute,
Milano, ITALY; 2Anesthesia and Cardiothoracic Intensive Care, IRCCS
San Raffaele Scientific Institute, Milano, ITALY; 3Dept. of Electronics,
Information and Bioegnieering, Politecnico di Milano, Milano, ITALY;
4
Dept. of Medicine and Biomedical Engineering, Sarver Heart Center, The
University of Arizona, Tucson, AZ.

Study: Increased venous congestion, intrinsic to Fontan circulation (FC),
results in significant morbidity and mortality. A durable assist device is
needed to reduce venous congestion and relieve disease burden. Rigid
polymer conduit (RPC) commonly used to complete the FC can be incompatible with external compression devices (ECD) for circulatory assistance.
We created a tissue engineered conduit (TEC) with mechanical and
biological properties germane for use in an assisted FC.
Methods: Decellularized bladder submucosa (dBSM) was used as the
base scaffold and to create the compliant biologic conduit (BC). Dynamic
mechanical analysis was used to measure the mechanical properties of
BC vs polytetrafluorethylene RPC. We functionally tested both conduits
in a simple mock circuit. A ~ 6 mmHg pressure differential was applied to
BC and RPC, which were coupled with ECD +/- an upstream valve (V). To
create a TEC, human endothelial cells (EC) were seeded on dBSM in static
culture. Platelet adhesion was evaluated after exposure to whole blood.
Results: Young’s modulus of RPC was ~ 1000x > BC. In the mock circuit,
RPC+ECD produced inconsistent and intermittent bidirectional ~2 mmHg
pressure waves while BC+ECD produced consistent bidirectional ~4–6
mmHg pressure waves. RPC+ECD+V resulted in reduced filling, circuit
obstruction and ECD failure. BC+ECD+V decreased the upstream pressure
wave to =< 2 mmHg and increased downstream pressure wave generation to ~6–8 mmHg with a trend toward higher mean pressure over time.
Histological analysis of TEC showed EC adhesion and expression of EC
markers. Decreased platelet adhesion was evident in TEC compared to BC.
Conclusions: In a simple low pressure circuit, RPC was incompatible
with ECD for circulatory assistance. Conversely, BC coupled well with
ECD enabling successful transmission of external pulsation to the circuit.
Further, dBSM can be endothelialized to create a non-thrombogenic
TEC. This proof-of-concept study shows TEC may enable use of ECD to
assist the FC.

Study: Shear-mediated platelet activation (SMPA) is a dominant mechanism driving thrombosis and thromboembolic (TH) complications in
continuous-flow left ventricular assist devices (cf-LVADs). Here, we used
the Platelet Activity State (PAS) assay to prospectively analyze in vivo the
dynamics and progression of SMPA in 44 LVAD patients implanted with
the HeartMateII (n=18) or the HeartWare HVAD (n=26). PAS values were
correlated with clinical outcomes and TH adverse events.
Methods: PAS was measured: i) 48 hours before LVAD implantation (PAS
t0), to define patient-specific baseline values; ii) in the early post-implant
(PAS t1); iii) during long-term follow-up after hospital discharge (PAS t2);
when multiple PAS t2 values were available, the highest PAS was recorded.
For patients who developed an event, PAS t2 was measured during the
hospital stay that followed event occurrence.
Results: Over 244 (iqr 58–760) days of median follow-up, PAS values did
not significantly increase in the overall population (p=0.36). However,
significant alterations of PAS (p<0.0001) were recorded in the sub-group
of patients (n=6) who suffered an adverse event (pump thromboses: n=2;
ischemic stroke: n=4). Notably, baseline PAS values (PAS t0) were associated with the development of TH complications during the long-term
course of LVAD support (p=0.04), suggesting a potential risk prediction
capability for PAS and patient-specifc platelet susceptibility to activation,
which becomes overt with the contribution of the LVAD-induced shear
stress. No differences were noted for clinical pre-operative variables,
biochemical and coagulation parameters (LDH, INR), the type of pump
or the anticoagulation/antiplatelet regimen. Our findings introduce the
possibility of monitoring a clinical biomarker of SMPA associated with TH
complications in patients with cf-LVADs and to guide further pharmacological improvements in the management of LVAD recipients.

2

MAT

ASAIO BIOENGINEERING ABSTRACTS
MAT

32

36

Analysis of the Effect of Component Elements of Hemodynamic Shear
Stress Profiles on Shear-mediated Platelet Activation in Cardiovascular
Implantable Therapeutic Devices
F. Consolo,1 G. B. Fiore,2 J. Sheriff,3 D. Bluestein,3 F. Pappalardo,1 M. J.
Slepian,4 A. Redaelli.2 1Anesthesia and Cardiothoracic Intensive Care,
Universitá Vita Salute - IRCCS San Raffaele Scientific Institute, Milano,
ITALY; 2Dept. of Electronics, Information and Bioegnieering, Politecnico
di Milano, Milano, ITALY; 3Dept. of Biomedical Engineering, Stony
Brook University, Stony Brook, NY; 4Dept. of Medicine and Biomedical
Engineering, Sarver Heart Center, The University of Arizona, Tucson, AZ.

Novel Islet Macroencapuslations Devices for the Treatment of Diabetes
Type 1
D. Stamatialis,1 K. Skrzypek,1 M. Karperien,2 M. Groot Nibbelink,2
A. van Apeldoorn.3 1Bioartificial organs, University of Twente, Enschede,
NETHERLANDS; 2Developmental Bioengineering, University of Twente,
Enschede, NETHERLANDS; 3University of Maastricht, Maastricht,
NETHERLANDS.
Study: Clinical islet transplantation (CIT) is accompanied by immunosuppressive therapy to avoid rejection of allogeneic donor cells. The lifelong
intake of these drugs increases the risks of infections, and certain types of
cancer, and limit the treatment of type 1 diabetes with CIT to patients suffering from severe brittle diabetes. In this work we develop macroencapsulation devices based on thin microwell and multibore fiber membranes,
able to keep the islets separated, to shield them from the host immune
cells without compromising their endocrine function and survival.
Methods: Poly (ether sulfone) based microwell flat sheet and multibore
fiber membranes were fabricated by phase separation. Mouse MIN6 insulinoma cell aggregates, and human islets, were encapsulated within the
membranes. Hydraulic permeance and transport of glucose and insulin
through the membranes were determined. MIN6 aggregate and human
islet viability and functionality inside the closed constructs were assessed
by histology and response to glucose.
Results: MIN6 aggregates and human islets were successfully encapsulated inside both microwell flat and multibore fiber membranes. The
membrane porosity was optimized to allow efficient glucose and insulin
transport. In vitro studies show that the human islets are viable and
respond to varying glucose concentration. The outer selective layer of the
membranes prevents cell infiltration and therefore provides immunoprotection. Transport measurements indicate that glucose and insulin
are able to diffuse through the porous PES membrane, while MIN6 cell
aggregates and human islets enclosed in the membranes respond well to
changes in glucose concentrations.

Study: Hemodynamic shear stress (HSS) exerted by cardiovascular blood
recirculating devices (BRDs) impacts platelets inducing altered biochemical signaling and activation, which may ultimately lead to thrombosis. A
clear identification of the dominant characteristics of the HSS patterns
responsible for shear-mediated platelet activation (SMPA) has not yet
been fully accomplished.
Methods: Experimental signal frequency content analysis was applied
to HSS waveforms characteristics of a prosthetic heart valve (Fig. 1A) to
sistematically analyze the relative contributions of component elements
as to overall SMPA. Extracted frequency waveforms (from low- to highfrequency components, Fig. 1A,B), as well as the original stress curves,
composed of the full range of frequency components (Fig. 1A,B), were
programmed into a computer-controlled Hemodynamic Shearing Device
to stimulate platelets. The Platelet Activity State (PAS) assay was utilized
to quantify the associated dynamics of SMPA.
Results: We demonstrated that high frequency oscillations are the major
determinants for priming, triggering and yielding activated prothrombotic
behavior for stimulated platelets, even if the imparted HSS has low magnitude and brief exposure time (Fig. 1C). Conversely, the low frequency
components of the stress signal, with limited oscillations over time, did
not induce significant activation, despite being of high magnitude and-or
exposure time (Fig. 1C). With this study we provide a more fundamental
understanding for the mechanobiological responsiveness of circulating
platelets to the hemodynamic environment of BRDs, and the importance
of these environments in mediating life-threatening thrombotic complications associated with SMPA. Our data provide translational insights to
guide future technological improvements aimed at optimizing the thromboresistance of cardiovascular therapeutic BRDs.
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In vitro Blood Flow Loop System for Evaluating the Thrombogenicity of
Medical Devices and Biomaterials
M. A. Jamiolkowski, M. C. Hartung, R. A. Malinauskas, Q. Lu. U.S. Food
and Drug Administration, Silver Spring, MD.

Development of Axial Flow Blood Pumps That Implanted at Aortic Valve
Position to Realize Concept of Valvo Pump
E. Okamoto,1 T. Yano,2 H. Miura,3 Y. Shiraishi,4 T. Yambe,4 Y.
Mitamura.5 1Sapporo Liberal Arts Center, Tokai University, Sapporo,
JAPAN; 2Graduate School of Science and Engineering, Hirosaki University,
Hirosaki, JAPAN; 3Faculty of Medical Engineering, Suzuka University of
Medical Science, Suzuka, JAPAN; 4Institute of Development Aging and
Cancer, Tohoku University, Sendai, JAPAN; 5Tokai University, Sapporo,
JAPAN.

Study: A robust in vitro method to evaluate biomaterial thrombogenicity
under dynamic flow conditions with standardized blood anticoagulation
would be a useful tool for improving the design and evaluating the safety
of blood-contacting medical devices, while reducing the need for expensive animal studies.
Methods: Sheep blood from live donors was drawn into containers with
Anticoagulant Citrate Dextrose Solution A and used within 36 hrs. Immediately before starting each dynamic flow test, the blood was recalcified
and heparinized to a donor-specific concentration of 1.4 to 1.8 U/mL.
Heparinization was based on a static pre-test, in which uniform latex
tubes were incubated for 30 min at room temperature in recalcified blood
under a series of heparin concentrations to determine which level caused
~10% thrombus surface coverage. Whole blood (26 mL) was recirculated
at room temperature through a ¼” ID polyvinyl chloride tubing loop
for 1 hr at 200 mL/min using a roller pump. Each loop contained a test
article (length: 12 cm; diameters: 2.1 - 3.2 mm) that was introduced into
the lumen through the tubing wall. Six materials were investigated: a
negative control polytetrafluoroethylene (PTFE), a positive control latex, a
non-medical grade silicone (NM-Sil) comparator, and three medical grade
materials (silicone, high-density polyethylene (HDPE), and polyurethane
(PU)). The % thrombus surface coverage, thrombus weight, and platelet
count reduction were measured.
Results: As shown in Figure 1, the positive control latex had significantly
more thrombus formation compared to all other materials investigated,
while the medical grade materials exhibited minimal thrombus deposition. The NM-Sil showed intermediate thrombogenicity with significantly
greater thrombus formation and platelet loss compared to the negative
control PTFE. The results suggest that the dynamic flow loop system
developed in this study can potentially be used to assess the thrombogenicity of biomaterials.

Study: The purpose of this study is to develop and evaluate two types
of new miniature axial flow blood pumps to realize the Valvo pump that
have been propounded since 1989.
Methods: We have been developing two types of the new miniature axial
flow pumps; one is the front-impeller pump implanted in the ascending
aorta just after the aortic valve, and another is the rear-impeller pump
placed at the aortic valve position to pass the valve leaflets. In the both
pumps, the impeller is separated from a brushless motor connecting
with the motor shaft, and rotation of the impeller is sustained by the pin
bearing. The front-impeller pump has a configuration similar to a propeller engine, the size of the impeller part is 25 mm in outer diameter and
12.5mm in length, that of the motor part is 19 mm in outer diameter and
26mm in length. The rear-impeller pump has a configuration similar to a
torpedo and the size is 19 mm in outer diameter and 50 mm in length.
Results: Performance of the both axial flow blood pump was evaluated
in in vitro experiments using 33 % glycerin solutions. The front impeller
pump has a pump output of 4.8 L/min against a pump differential pressure of 60 mmHg at a rotational speed of 6000 rpm. The rear impeller
pump has a pump output of 3.4 L/min against a pump differential pressure of 60 mmHg at a rotational speed of 9000 rpm. While both pumps
use the same motor, the front-impeller pump has superior pump performance rather than the rear-impeller pump because of larger circumferential velocity. However considering in clinical use, the rear-impeller pump
will be suitable because the front-impeller pump might have possibility to
disturb coronary circulation. Now we are improving the performance of
the rear-impeller axial blood pump.
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Downsizing of Bidirectional Self-expanding Arterial Cannula Designs
S. Abdel-Sayed, Sr., L. von Segesser. Surgery, Cardiovascular Research,
Lausanne, SWITZERLAND.

Long-term Use Assessment of the Apico-aortic Blood Pump: Bearing
System Analysis
B. Utiyama,1 T. F. Leão,2 J. Fonseca,1 R. Sá,1 E. Leal,1 E. Drigo,1 G. Andrade,1
D. Santos Filho,3 J. R. Cardoso,3 A. J. Andrade.1 1Instituto Dante Pazzanese
de Cardiologia, São Paulo, BRAZIL; 2Federal Institute of São Paulo, São
Paulo, BRAZIL; 3Polytechnic School – University of São Paulo, São Paulo,
BRAZIL.

Study: Limb ischemia is a serious problem in prolonged cardiopulmonary
bypass and ECMO due to occlusion of the access vessel by traditional cannulas. This study was designed for assessment of down-sized self-expanding arterial bidirectional cannulas allowing for antegrade and retrograde
flow versus standard percutaneous control with similar diameter.
Methods: Out let pressure/flow rate for 16 F self-expanding bidirectional
arterial cannula (Smartcanula ¼ 16F 260.65) and Biomedicus 17 F measured 18 F arterial cannula (control) were compared on a computerized
flow bench and calibrated sensors with a Biomedicus centrifugal pump.
Flow and outlet-pressure were determined at 500, 1500, 2500 RPM for
the new self-expanding design versus control (n=6, p<0.05).
Results: At 500 RPM, Flow rate was 1.50 ± 0.01 l/min for bidirectional cannula versus 1.48 ± 0.01* versus for control; 4.08 ± 0.03 versus 3.82 ± 0.08*
at 1500 RPM; 6.43 ± 0.05 versus 6.17 ± 0.46* at 2500 RPM: p<0.0001.
The out-let pressure values were 7.89 ± 0.08 mmHg for self-expanding
cannula versus 8.51 ± 0.14* for control at 500 RPM; 64.19 ± 0.12 versus
70.71 ± 0.36* at 1500 RPM; 176.31 ± 0.35 versus 185.28 ± 0.75* at 2500
RPM. Our results demonstrated that the downsized birectionaldual
self-expanding arterial cannula provides superior flows and lower outlet
pressure as compared to the current standard on top of the fact, that it
allows for antegrade and retrograde perfusion.

Study: Apico-Aortic Blood Pump (AABP) is a centrifugal intrathoracic LVAD
in development in our laboratories.At this project phase, we conducted
studies to observe AABP’s bearing system long-term behavior and implemented modifications to improve its performance.
Methods: A durability test was performed in a mock-loop system to
analyze AABP’s failure modes and bearing wear. Mock-loop operates with
head pressure of 100 mmHg and 5 L/min of flow.A computer simulation of AABP’s bearing shaft mechanical strain analysis was performed
to elucidate possible causes for a fracture occurred during the durability
tests.Wear tests were performed to evaluate load effect at the bearing
shaft. For this test, a system that simulates bearing shaft rotation, load
and corrosive proprieties of blood was constructed. In this system, a
weighting-machine was used to the measure load. Three sets of AABP’s
bearing system were tested, wear was determined through system weight
loss in each set.
Results: 3200 hours of durability test were performed, without none
significant change in AAPB’s temperature or electric current consumption. After this period, two failure modes were registered: decoupling of
the bearing system due to wear at the bottom pivot and a fracture in the
bearing shaft.Computer simulation showed a region with concentrated
mechanical tension in the bearing shaft This results are consistent with
the fracture observed in the durability test.
Conclusion: Bearing shaft geometry was adjusted to reduce the mechanical tension concentration, thus reducing fracture probability. A motor
topology modification was implemented to reduce bottom pivot wear,
this modification was designed to reduce the load in the bearing system.
Overall, this study contributed to AABP’s improvement for long-term
application.
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Impact of Physiologic Pulsatile Flow on Microcirculation During
Cardiopulmonary Bypass
G. Sunagawa,1 J. H. Karimov,1 R. Dessoffy,1 P. Grady,1 M. Sinkewich,1 J.
P. Naber,2 D. Vincent,2 S. Okano,1 S. Sale,1 K. Kvernebo,3 V. N. Tran,3 N.
Moazami,1 K. Fukamachi.1 1Cleveland Clinic, Cleveland, OH; 2Design
Mentor Inc., Pelham, NH; 3Oslo University Hospital, Oslo, NORWAY.
Study: The VentriFlo True Pulse Pump (Design Mentor, Inc., Pelham, NH)
is the first blood pump designed to mimic the human heartbeat by recreating adjustable pulse waveforms. The pump, sensitive to both preload
and afterload, provides a period of relaxation with no flow during pump
diastole, similar to the native heart. The end goal of any extracorporeal
pump is to maintain properly regulated microcirculation throughout
the body. Dysregulated skin microcirculation has been linked to worse
prognosis in patients under continuous-flow extracorporeal membrane
oxygenation. The aim of this study was to evaluate microvascular tissue
circulation with this pulsatile pump during 6-hour cardiopulmonary
bypass (CPB).
Methods: We studied 2 piglets (42.0, 43.0 kg), one with the VentriFlo pulsatile pump and one with the ROTAFLOW nonpulsatile pump (MAQUET
GmBH & Co. KG, Rastatt, Germany) as a control. Hemodynamics were
monitored during 6-hour CPB support. Microcirculation was evaluated at
the groin skin by computer-assisted video microscopy (Optilia, Sollentuna,
Sweden) on a 6-point scale. Measurements were performed before incision, then at 3 and 6 hours on CPB.
Results: The VentriFlo demonstrated physiologic pulsatile pressure
and flow with aortic pulse pressure of 26.8 ± 5.0 mm Hg (Fig. 1). Pump
flows (2.3 ± 0.0 L/min in ROTAFLOW and 2.3 ± 0.1 L/min in VentriFlo)
were comparable. Microvascular flow was severely dysregulated with
the ROTAFLOW pump after 6-hour bypass (Fig. 2F), but it was similar to
baseline with the VentriFlo pump after 6-hour CPB (Fig. 2C). This study
showed that the VentriFlo, which can generate physiologic pulsatile flow,
might help maintain adequate perfusion of all organs during prolonged
CPB. We plan more animal experiments to confirm this initial finding, as
well as further establishing the importance of maintaining physiologic
skin microcirculation as an assessment of good prognostic outcomes in
extracorporeal support.
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Treating Short Bowel Syndrome Through Enterogenesis: Defining a
Protocol for Safe Bowel Distraction
M. Barrett,1 B. D. Carr,1 F. R. Demehri,1 J. Hirschl,1 R. H. Bartlett,1 A.
Rojas-Pena,1 M. A. Arnold,1 D. H. Teitelbaum,1 J. Luntz,2 R. B.
Hirschl.1 1University of Michigan, Ann Arbor, MI; 2Mechanical
Engineering, University of Michigan, Ann Arbor, MI.

The Progress in the Sputnik Ventricular Assist Device Development
D. Telyshev, S. Selishchev, I. Nesterenko, M. Denisov. Biomedical Systems,
National Research University of Electronic Technology, Moscow, RUSSIAN
FEDERATION.
Study: The axial-flow ventricular assist devices (VADs) are the most
implantable continuous flow VADs in the world. Those systems are widely
used like the bridge-to-transplantation, the destination therapy and the
bridge-to-recovery. One of such system namely «Sputnik» was developed
and successfully applied in Russia. To address the problem of miniaturization and more versatility in patient selection, we are developing the two
novel VADs: the second generation of the Sputnik VAD (Sputnik 2) and the
pediatric VAD Sputnik (PVAD Sputnik).
Methods: The Sputnik VAD design (Sputnik 1) (on the bottom of fig.1) is
based on an axial-flow blood pump with nonpulsatile flow. It can provide
flow up to 10 l/min. The Sputnik 2 (in the middle of fig. 1) was developed
with a set of changes in construction. The head pressure−flow rate (H−Q)
and power consumption−flow rate curves for the Sputnik VADs were measured at different rotational speeds. The geometry of the PVAD Sputnik
(on the top of fig. 1) was designed and a rotor geometry effect on the H-Q
curves of the PVAD Sputnik was investigated. Computational fluid dynamics (CFD) were used for operating condition simulation and the VADs were
compared under the simulated physiological conditions. The haemolysis
tests for the Sputnik VADs were done.
Results: The length of the implantable pump (Sputnik 2) was reduced
from 81 mm to 70 mm and the maximum diameter was decreased from
34 mm to 29 mm. Elimination of the taper expansion, new geometry
of the diffuser and the rotor design changes allowed to reduce device
energy consumption by 15%. Impeller diameter was changed from
15.6 mm to 13.8 mm, pump weight was reduced from 246 g to 205 g.
The haemolisys index NIH reduced from 0.0099 ± 0.0015 (Sputnik 1) to
0.0031 ± 0.0011 g/100 L (Sputnik 2). The weight of the PVAD Sputnik is
102 g, the modeling results demonstrated that it is able to deliver 5–85
mmHg of pressure rise for a flow range of 0.5–4 L/min and rotational
speeds of 9000–14000 RPM.

Study: A novel distraction enterogenesis device for children with short
bowel syndrome functions through double balloon inflation resulting in
bowel attachment, and distraction as the balloons are moved apart via
an extracorporeal mechanism. Because of device curvature within the
bowel, observed extracorporeal advancement of the device is greater
than the actual internal bowel distraction distance produced. The goal of
this study was to relate extracorporeal device advancement to internal
bowel tensile forces in order to maintain those forces in the known safe
and effective range of <50g and below the 150g dangerous level where
bowel perfusion could be compromised.
Methods: (FIGURE)
The device was placed within a limb of bowel in an anesthetized pig and
the following were performed in triplicate: Experiment1— length of
bowel distraction as a function of the applied extracorporeal extension
of the device: To determine this relationship, the extracorporeal device
mechanism was advanced by a known distance and the resulting bowel
distraction distance measured. Experiment2— length of bowel distraction
as a function of the applied force: An external known force in increments
of 5g was applied to the distal balloon and the resulting length of bowel
distraction assessed.
Results: Experiment1: The bowel distraction increased linearly by 0.35mm
per 1mm of extracorporeal device extension over the range of bowel
distraction produced by 0-50g forces. Experiment2: For the safe working
range, the resultant bowel distraction increased linearly with applied
force by 0.2mm per 1g. By integrating both experimental outcomes, it
was determined that each millimeter of extracorporeal device advancement induces 1.75g of force.
Extracorporeal device advancement should not exceed 23mm to achieve
a safe and effective growth force of 40 grams. Reaching dangerous forces
(150g) would require at least 86mm of external advancement providing a
significant buffer between therapeutic and dangerous forces.
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Controlling the Variance of Normalized Hemolysis Index from in vitro
Hemolysis Testing
L. Zhang, X. Chen, Y. Zhu, W. Li, Y. Wang, C. Chen, P. Hsu. School of
Mechanical and Electrical Engineering, Artificial Organ Technology
Laboratory, Biomanufacturing Centre, Soochow University, Suzhou,
CHINA.

Development of the Sequential Flow Pump: Principle of the Sequential
Pressurization and Hemolysis Results in Second Model
S. Hara, T. Isoyama, T. Yurimoto, X. Li, I. Saito, Y. Abe. Graduation School,
The University of Tokyo, Tokyo, JAPAN.

MAT

Study: Heart-lung equipments are useful to save life of acute heart failure
and/or respiratory failure patients. To achieve the compact model of
heart-lung equipment, the pump that generates high pressure and low
flow and has suitable port design to connect with artificial lung, was
necessary. In this study, we report the results of flow - head characteristic
and hemolysis test about the secondary model of the sequential flow
pump (SFP).
Methods: The SFP is a unique centrifugal pump that fluid was given the
centrifugal force twice in a single impeller. But the Primary model did not
have sufficient performance for hemolysis test. So we began to developing the 2nd model. First, we confirmed the pressurization of the 2nd SFP
using computational fluid dynamics (CFD) and experiment model. In the
CFD, Blood was assumed to be an incompressible Newtonian fluid with a
density of 1060 kg/m3 and a viscosity of 3.6 mPa s. The pump performance of an actual pump was measured in mock circulation system.
Hemolysis test was used the swine’s blood to maintain at 37 degree
temperature. Calculation of NIH ratio, we weighted NIH of the SFP against
NIH of the BPX-80.
Results: In CFD analysis, the pressurization of the SFP were achieved
357mmHg of pressure head at 3250rpm of revolution and 5l/min of flow
rate. In actual model, the pressure head of the 2nd SFP was 350mmHg at
5l/min of flow rate and 3000rpm.And the highest total efficiency recorded
16.5%. In hemolysis test, the relative NIH ratio compared with BPX-80
was 7.2, which was still a little high and should be improved for the next
subject.

Study: In vitro hemolysis in terms of normalized index of hemolysis (NIH)
is an important indicator for hemocompatibility of a blood pump design.
Although ASTM standards are widely executed when performing in vitro
hemolysis test, NIH of a particular pump varies significantly between
centers (or between tests). Here we would like to present our analysis on
parameters affecting the variation of NIH results.
Methods: A maglev centrifugal blood pump was tested at the nominal
work point (5 L/min at 100 mmHg) in a circulation loop, of which volume
was controlled within 500 ± 25 ml. Heparinized fresh porcine blood was
circulated in the loop, maintained at 37ºC, for 6 hours. Blood samples
were collected every 60 min conforming to the ASTM standard. Plasma
free hemoglobin (pfHb) was measured to calculate NIH. Statistical analysis
was conducted to compare experimental parameters and results.
Results: Domestic porcine blood (Taihu White pig, Changshu, China) was
chosen for this investigation, with average hematocrit 24.25 ± 2.86%
(n=8). We found that the initiate blood condition had greatest influence
on NIH. The few fiber-like tissue that almost invisible in blood will significantly affect the result, even though being filtered with a filter screen
(pore size=74µm) before filling into the loop. When thrombogenesis was
not observed in the blood pumps, the average of NIH (g/100L) during 6
hours for the two test pumps were 0.0033 ± 0.0011 and 0.0057 ± 0.0027
(n=8), respectively. While the average of NIH calculated from experiments
with thrombus formation were 0.0066 ± 0.0069 and 0.0293 ± 0.0270
(n=3), with increased NIH for 100% and 414%, respectively. Meanwhile,
the standard deviation dramatically increased for 527% and 900%. The
preliminary results indicate that initiate blood condition affects both the
average and deviation of NIH. By controlling it to eliminate the potential
of thrombogenesis, variable coefficient of NIH was controlled within
30~50% range, which could be acceptable as in other certified labs.

82
The Effects of S-Nitrosothiol on Thrombin-induced Fibrin Formation
T. Major,1 E. Brisbois,1 M. Meyerhoff,2 R. Bartlett.1 1University of Michigan,
Ann Arbor, MI; 2Chemistry, University of Michigan, Ann Arbor, MI.
Study: Previous work in a 4 h rabbit thrombogenicity model has shown
that a nitric oxide- (NO) generating polymer extracorporeal circuits (ECC)
with infusion of S-nitrosothiols (RSNO), such as S- nitroso-N-acetylpenicillamine (SNAP) preserved platelets eventhough platelets were activated
as shown by an increase in the glycoprotein, p-selectin. The platelet
preservation mechanism was shown to be due to a changing fibrinogen
structure leading to attenuation of platelet aggregation. Understanding
the effects that NO donors such as SNAP, sodium nitroprusside (SNP) or
other RSNOs may have on human fibrinogen polymerization, this in vitro
study evaluated the direct NO effects on the thrombin-mediated fibrin
formation and fibrinogen structure.
Methods: Fibrin formation was measured using kinetic readings on multiplate reader at 405 nm. Intrinsic tryptophan fluorescence was read on
a multiplate reader with fluorescence excitation at 270 nm and emission
scanned between 300 to 460 nm. High performance liquid chromatography (HPLC) was used to measure the changes in fibrinogen characteristics
with and without thrombin.
Results: SNAP, NAP and sodium nitroprusside (SNP) exposure for 1 h,
however, did not decrease thrombin activity by directly inhibiting thrombin itself. Changes in fibrinogen conformation as measured by intrinsic
tryptophan fluorescence significantly decreased in the 300 μM SNAP
(38057 ± 1196 mean fluorescence intensity (MFI) and SNP (368617 ± 541
MFI) groups versus the NAP control (47937 ± 1196 MFI). HPLC showed
that fibrinogen degradation by 0.03 U/ml thrombin was concentrationdependently reduced after 1 h with SNAP but not with NAP or SNP. These
results suggest that NO donors such as SNAP and SNP induce fibrinogen
conformational changes in addition to its known antiplatelet effects.
These NO-mediated fibrinogen changes induced via NO donors may provide another mechanism of NO for improving thromboresistance in ECC.
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cardiopulmonary bypass and continued throughout the trial. Auto-Mode
responses were studied in response to physiological challenges and
changes to the Auto-Mode target settings. Accuracy of the internal C-TAH
hemodynamic measurements was validated against the fully instrumented animals. These included venous and arterial pressures, pulmonary artery flow, ejection volumes, outflow, and inlet pressures.
Results: Implantation of the C-TAH was uneventful in all animals. AutoMode demonstrated stable responses during induced physiological
challenges and during the post-operative survival period. Target outputs
were sustained during hypertension and hypovolemia resulted in reduced
flow to avoid excessive negative atrial pressure. Adjusting the ‘right inlet
pressure’ setting (5 to -10 mmHg) increased C-TAH left outflow from 5.5
to 7.8 L/min (Table 1). Additionally, the Left-Right flow balance was controlled by adjusting the ‘difference between left and right inlet pressure’
setting (Table 2). This study demonstrates that the C-TAH is stable and
controllable with Auto-Mode regulation during a range of normal physiological challenges. These results support the move to clinical testing and
application.

Automatic Regulation Feasibility Testing of a Bioprosthetic Total
Artificial Heart in a Bovine Model
J. C. Perlès,1 K. G. Soucy,2 P. Jansen,1 M. S. Slaughter.3 1Carmat, VélizyVillacoublay, FRANCE; 2Cardiovascular Innovation Institute, Louisville, KY;
3
Cardiovascular and Thoracic Surgery, University of Louisville, Louisville, KY.
Study: The Carmat total artificial heart (C-TAH) is a bioprosthetic
electro-hydraulic device intended for end-stage heart disease patients.
A challenge of TAH therapy is maintaining sufficient and balanced blood
flow. To address this limitation, a novel automatic regulation algorithm
(Auto-Mode) was developed to control the C-TAH outflows based on inlet
pressures. In this study, the hemodynamic performance of the C-TAH with
Auto-Mode was tested in a bovine model.
Methods: Male Jersey calves (113–171 kg) were implanted with the
C-TAH through a left thoracotomy. The operational performance of the
C-TAH was determined using 2 acute animals and with 3 further 24 hr
survival studies. Auto-Mode regulation was initiated after weaning from

Response to change of C-TAH ‘right inlet pressure’ setting
C-TAH right inlet pressure
setting(mmHg)
-10
-5
0
5

N (C-TAH data)
(1 /250ms)

C-TAH Right ventricular
diastolic pressure (mHg)

C-TAH Left
flow (L/min)

C-TAH Heart
rate (bpm)

C-TAH Left ejection
volume (ml)

N (CVP)
(1 /5ms)

CVP
(mmHg)

512
487
2192
503

-14.8 ± 9.9
-5.0 ± 2.2
-0.8 ± 1.4
2.8 ± 0.7

7.8 ± 0.4
7.2 ± 0.3
6.4 ± 0.3
5.5 ± 0.4

140.0 ± 4.3
122.0 ± 1.8
110.3 ± 2.8
94.5 ± 2.1

55.7 ± 3.6
58.7 ± 2.0
58.2 ± 2.7
57.7 ± 3.7

22893
23669
34158
28098

12.3 ± 2.1
12.9 ± 2.5
13.9 ± 2.5
15.0 ± 2.7

Response to change of C-TAH ‘Average difference between left and right inlet pressure’ setting
C-TAH Average difference
between left and right inlet
pressure setting (mmHg)
0
2.5
5

N (1 /250ms)

C-TAH Left
flow (L/min)

C-TAH Right
flow (L/min)

C-TAH Δ Left-Right
flow (L/min)

493
977
570

6.4 ± 0.2
6.3 ± 0.2
6.3 ± 0.3

6.2 ± 0.5
6.2 ± 0.5
6.3 ± 0.5

0.1 ± 0.5
0.1 ± 0.5
0.0 ± 0.5
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Contribution of Computational Model for Heart Tissue Local Stress
Caused by Suture in VAD Implantation
A. Chalon,1 V. Landmann,2 J. Favre,2 B. Piotrowski,2 D. Grandmougin,1 P.
Maureira,1 P. Laheurte,2 N. Tran.1 1School Of Surgery Nancy-Lorraine UMR INSERM 1116 DCAC, University of Lorraine, Nancy, FRANCE; 2LEM3
UMR CNRS 7239, Metz, FRANCE.

Muscle-powered Counterpulsation VAD for Long-term Cardiac Support
J. Han, D. R. Trumble. Biomedical Engineering, Carnegie Mellon
University, Pittsburgh, PA.
Study: While chronic heart failure (CHF) remains the leading cause of death
in the U.S., conventional long-term ventricular assist devices (VADs) continue
to be problematic due to infections of percutaneous drivelines and thrombotic events associated with blood-contacting surfaces. Here we describe a
hydraulic muscle-powered ventricular assist device (mVAD) that avoids both
problems by using an implanted muscle energy converter (MEC) to drive a
non-blood-contacting extra-aortic balloon pump (EABP).
Methods: Clinical studies performed with the C-Pulse EABP (Sunshine
Heart Inc.) show that 20mL counterpulsation of the ascending aorta
effectively improves heart function. Because these findings preclude
direct application of the 5mL MEC device for EABP actuation, an implantable volume amplification mechanism (iVAM) was designed to boost MEC
stroke volume by a factor of four. The iVAM, stacked immediately beneath
the MEC, combines these two devices into one hydraulic device compatible with established EABP inflation volumes (Fig. 1). This design enables
power delivery from electrically stimulated latissimus dorsi muscle (LDM)
to the EABP with excellent energy transfer efficiency and anatomic fit.
A mathematical model of energy transfer properties was used to quantify
device function under extreme, high-load conditions.
Results: Device modeling shows that even in extreme hypertensive
conditions (diastolic P = 150mmHg) energy requirements fall within the
functional capacity of trained LDM. In this case, the LDM would provide
1.175J of energy per cycle, delivering 35% directly to the EABP (Fig. 2).
The remainder would be stored in the system and used for rapid balloon
deflation between beats. Together, these three technologies (MEC, iVAM
and C-Pulse) combine to create an effective mVAD counterpulsation
system that avoids longstanding infection and blood-clotting problems
common to all VADs currently in use.

Study: In the field of implantation of Ventricular Assist Device (VAD),
excessive local tissue stresses and the resulting strain-induced tissue
rupture limit are potential iatrogenic factors controlling the success of
surgical fixation. By using a computational simulation and experimental
mechanical tests, we investigated the relationship of stress-induced
suture material on porcine left ventricular (LV) tissue.
Methods: Computational LV simulation was generated by using finite
element model with hyper-elastic reduced polynomial constitutive law
according to experimental mechanical data. Materials parameters (string,
pledget) were extracted from the literature. In parallel, suture strength
tests on left pig myocardium (n=6) were performed using a standard
tensile test. Experiments were made on bulk ventricular wall with a
single U-stich (polypropylene 2-0) with a Telfon pledget. Strength versus
displacement was plotted for mechanical testing and then compared
to simulation data. Boundary condition for numerical simulation were
defined according to experimental rupture limit.
Results: A perfect correlation of tissue strain-induced stress was documented from experimental and computational tensile strength curves.
Thus, the impact of suture material on different local heart tissue stresses
can be estimated.
Conclusion: Our computational model is able to provide and to predict
various local LV wall stresses created by string penetration inside the myocardium. This model is proved to be valuable in designing less traumatic
stitches for VAD implantation. Thus, the proposed computational simulation would serve for modeling and optimizing LV surgical repair.
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Open Storage Effect on Nitric Oxide Releasing Materials
R. Gbyli,1 C. Gurahoo,2 K. A. Amoako.2 1Cellular and Molecular Biology,
University of New Haven, West Haven, CT; 2Mechanical, Industrial and
Biomedical Engineering, University of New Haven, West Haven, CT.

A Novel Generic Model for the Investigation of Intraventricular Flow
Patterns in Individual Hearts
K. Hugenroth,1 S. J. Sonntag,2 M. Neidlin,1 T. Schmitz-Rode,3
U. Steinseifer,1 T. A. Kaufmann.1 1Cardiovascular Engineering CVE, Institute of
Applied Medical Engineering, Aachen, GERMANY; 2enmodes GmbH, Aachen,
GERMANY; 3Institute of Applied Medical Engineering, Aachen, GERMANY.

Study: Dry, ambient light (aL), and room temperature (rT) conditions is
the most economical and practical for nitric oxide (NO) releasing biomaterials storage. In such environments however, stimulated releases lead
to losses in NO payload before their intended usage which in turn limit
clinical applicability in mitigating surface-induced thrombosis and implant
site bacteria growth. Implant-related infections remain a significant problem occurring at a national mean rate between 2–4% of all devices. Out
of about 200 million pieces used annually, 4 - 8 million of them will put
patients’ lives at risk. For NO releasing materials to find use and be effective at reducing implant site infection which generally manifests no later
than 6 weeks after implantation, sustained release at least over that timeframe and long-term open storage material stability must be addressed.
Methods: We hypothesized that endogenous NO release levels can be
obtained after over month-long storage in rT and aL conditions. To study
this, NO releasing polydimethylsiloxane (PDMS) ¼” disks were incorporated with NO via covalent conjugation using a NO reactor. The resulting
samples contained 100µL or 50µL of 15% dimethyl-hexadiamine-N2O2 by
wt% and were stored under aL and rT for 46 days. Their NO release was
detected using a GE 280i NO Analyzer.
Results: NO release was maintained during the 3hrs of measurement
(Fig. 1A) and calculated NO flux (Fig. 1B) showed endothelial release
levels between 20–30 minutes of detection. The flux levels from samples
analyzed within two days of storage (Fig. 1C) were significantly higher
(p<0.01) at 158.00 ± 6.37 and 105.60 ± 11.30 (x10-10 mol*min-1*cm-2) for
100µL and for 50µL samples respectively than those measured after longterm storage. Further work is however needed to more efficiently retain
NO in device coating or bulk polymers to prolong release and increase
bactericidal and anticoagulation surface activity. Ideally such surfaces will
release their NO stores only when stimulated with body temperature and
moisture.

Study: Abnormal flow inside the left ventricle is associated with heart
dysfunction. Understanding the complex flow patterns under physiological and pathological conditions may improve therapies and support the
development of new devices.
The goal of this work is to establish a generic, parameterized model of
the left ventricle adjustable to individual patient conditions. It is used to
analyze flow features during physiological and heart failure conditions
using fluid-structure interaction simulations.
Methods: The geometric layout of the model is based on clinical studies
of the left ventricular and mitral valve dimensions. Key indicators for left
ventricular condition, such as volume and ejection fraction, are parameterized. With this, ventricular geometries in different stages of heart
failure were generated. The movements of ventricle wall and mitral leaflets were derived from 3D and 4D echocardiographic data and coupled to
flow simulations to create a fluid-structure interaction framework of the
left ventricle. Flow patterns were analyzed and compared to published
patient data.
Results: The model of the physiological ventricle reproduces the commonly known aspects of intraventricular flow fields. The flow exhibits a
vortex ring descending from the mitral valve at early diastole and a central vortex redirecting the flow towards the aortic valve at end-diastole.
The pattern is disturbed in the pathologically dilated hearts, resulting in
a significantly smaller kinetic energy gain and reduced washout with a
potential risk for thrombosis.
Ventricular wall displacement and mitral valve movement correspond to
clinical values. Overall, the developed generic model allows the investigation of intraventricular hemodynamics in individual ventricles. The model
can be used to analyze the effects on flow fields caused by diseases, iatrogenic flow changes or progressive remodeling towards cardiac dysfunction, posing a great platform for novel device developments.
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Comparison of Large-eddy and Reynolds-averaged Navier-stokes
Simulations Regarding Their Potential to Predict Hemolysis in Blood
Pumps
B. Torner, S. Hallier, L. Konnigk, F. Wurm. University of Rostock, Institute
of Turbomachinery, Rostock, GERMANY.

Effect of Eccentricity in a Blood Shearing Device Using Transient Cfd
Analysis
P. Wu,1 F. Boehning,2 S. Gross-Hardt,2 P. Hsu.1 1Artificial Organ Technology
Lab, Soochow University, Suzhou, CHINA; 2Department of Cardiovascular
Engineering, RWTH Aachen University, Aachen, GERMANY.

Study: Flow-induced hemolysis is an important parameter to evaluate
blood pumps. Commonly, hemolysis is estimated using computational
fluid dynamics (CFD) combined with numerical models based on shear
stresses. CFD in blood pumps is currently confined on Reynolds-Averaged
Navier-Stokes simulations (RANS). A drawback of RANS is that the discretization and turbulence modeling affects the calculated shear stresses. An
alternative simulation approach is the Large-Eddy method (LES), by which
the real flow physics are reflected more accurately. Aim of the study was
to compare RANS and LES regarding their potential to predict hemolysis in blood pumps. For this purpose, common hemolysis models were
analyzed.
Methods: The analyses were perfomed in a blood pump prototype. Blood
was modeled as a Newtonian fluid and the flow field was calculated
using an unsteady RANS with 15 million and a LES with 102 million mesh
elements. For hemolysis prediction, a globally integrated hemolysis index
based on a Eulerian transport approach and a power-law model was used.
Furthermore, we analyzed volumes subjected to certain shear stress
tresholds, below which no blood trauma is expected to occur.
Results: Despite that the pressure head is similar, RANS and LES differ
quanitatively regarding hemolysis prediction with deviations up to 30%.
The LES shows higher values for the hemolysis index and the volumetric
analysis. Nevertheless, the RANS indicates the same qualititative progression of hemolysis within the pump’s parts as well as the same potential
damage sources.
The same qualitative trend for the hemolysis prediction confirms
that RANS is suitable for the pump’s design and optimization process.
However, the results differ quantitively. Hence, LES seems to be a more
appropriate method for predicting actual values of hemolysis if correct
numerical models are used.

Study: Blood trauma due to non-physiological high shear stress within
VADs has been a major concern. Blood shearing devices were developed
to generate shear stresses in a vitro manner. The gap clearance is generally at the order of 100 microns. Rotational accuracy especially eccentricity due to manufacturing tolerances and assembly accuracy remains one
of the major concerns. Effect of eccentricity on blood in narrow gaps is
also found in blood pumps with hydrodynamic suspension as the eccentricity is necessary to generate radial forces. The present study provides
a theoretical and quantitative relationship between the eccentricity and
blood trauma, which is further validated by a transient CFD analysis.
Methods: The Aachen Couette shearing device was used in this study.
Theoretical relationships were derived for radial force and blood trauma
as functions of eccentricity. Transient CFD computations were then carried out combined with a Eulerian hemolysis prediction method. The grid
sensitivity analysis was conducted by comparing pressure drop and radial
force with theoretical values. Three eccentricity ratios were evaluated: 0,
0.1 and 0.2. The hemolysis values were collected at the entrance and exit
of the gap after the simulations have converged.
Results: The results showed for a moderate eccentricity, the influence
of the eccentricity on blood trauma was negligible, however, the uneven
distribution of the pressure as a result of the eccentricity may caused
suction flows, bringing back the hemolytic blood from downstream, causing further damage. This should be taken into account in the designing
process of blood shearing devices or hydrodynamic bearings for blood
pumps in the future.

12

MAT

ASAIO BIOENGINEERING ABSTRACTS
MAT

156

160

Asymmetric Membranes for Extracorporeal Blood Circulation Devices
M. Faria, C. Moreira, M. de Pinho. Instituto Superior Técnico,
Universidade de Lisboa, Lisbon, PORTUGAL.

Stretchable Electronic Conformal Skin-adherent Wearable Patches: a
Novel Method for Wireless Patient Monitoring
J. Garlant,1 K. R. Ammann,2 M. J. Slepian,3 R. Ghaffari.4 1Biomedical
Engineering, University of Arizona, Tucson, AZ; 2Biomedical Engineering
GIDP, University of Arizona, Tucson, AZ; 3College of Medicine, University of
Arizona, Tucson, AZ; 4MC10 Inc., Lexington, MA.

Study: Artificial Organs are generally associated to membrane based
treatments that are clinically well established. They assure in extracorporeal blood circulation devices the separation functions of a failing organ
like the hemodialyser (HD) for the kidney or the membrane blood oxygenator (MBO) for the lungs. These treatments with the currently available
devices have often shown to cause severe long-term side effects associated to the fact that the membranes employed present poor hemocompatibility. Another major factor contributing to the technical and medical
progress of HD and MBOs is the enhancement of the mass transfer associated to the metabolic functions of these artificial organs.
Methods: The work program to achieve technical and medical progress of
the HD and MBOs is based on two main directions: 1) hemocompatibility
of membrane / blood interfaces; 2) improvement of flow / mass transfer
associated with the metabolic functions of the kidney and artificial lung.
Results: The first objective is achieved through the membrane synthesis
and surface modification in terms of chemical composition and morphology for integral asymmetric hybrid nanocomposite cellulose ester-silica
(CE-Si) membranes and in terms of morphology (nano/microdomain
structures) for asymmetric bi-soft segment polyurethane (PU) membranes. The second objective is achieved through CE-Si/microfiber and
PU/microfiber composites to assure flow conditions that minimize the
boundary layer mass transfer resistances.

Study: With a growing elderly population, privacy and independence while
receiving health care is becoming a more prominent concern. New stretchable
electronic technologies have yielded comfortable wearable systems allowing
patient monitoring, while keep patients at home, maintaining independence
and privacy. The BioStampRC (MC10, Inc.) is a wearable, stretchable electronic
skin-conformal patch that is capable of wirelessly measuring and transmitting
tri-axial acceleration and gyroscopic motion data. Here we examine the ability
of this skin wearable as a means for wireless patient monitoring and specifically detect and define motion patterns of daily living activities.
Methods: Healthy subjects volunteered to wear the BioStampRC on their
dominant hand between the index finger and thumb. While wearing the
BioStampRC, the subject completed a variety of everyday tasks for a total of
15 tasks, which were placed into four categories: 1) alimentation 2) medication and compliance 3) mobility, 4) personal grooming. Acceleration and
gyroscope data were collected in the X, Y, and Z-axes during each activity.
Results: For all tasks examined, motion data could be monitored continuously, uploaded to the cloud and stored. Uniquely, for each task a specific
motion signature was identified. Between subjects, for a given task, small
pattern variability was noted, though with the overall signature remaining
intact. Representative signatures for walking and sitting down in a chair
are shown below. For our studies, it is clear that wearable detailed motion
detection provides a means of wirelessly monitoring a patient’s activity and
health, remotely while still maintaining their privacy and independence.
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Healthcare Research Information Access: Current Technologies,
Practices, Gaps & Recommendations
S. Zawada,1 J. Trost,2 J. Klewer,3 R. Slepian,4 M. Slepian.5 1Department of
Electrical & Computer Engineering, The University of Arizona, Tucson, AZ;
2
Department of Medicine, College of Medicine - Tucson, The University
of Arizona, Tucson, AZ; 3College of Medicine, The University of Arizona,
Tucson, AZ; 4Department of Physiology, College of Medicine, The
University of Arizona, Tucson, AZ; 5Sarver Heart Center, The University of
Arizona, Tucson, AZ.

Effect of Turbulent Flow on von Willebrand Factor
C. Jhun, C. Siedlecki, L. Xu, R. K. Newswanger, B. Lukic, J. D. Reibson, E. E.
Yeager, J. P. Cysyk, W. J. Weiss, G. Rosenberg. Surgery, Penn State College
of Medicine, Hershey, PA.
Study: Development of acquired von Willebrand disease has been
reported in association with use of continuous flow left ventricular assist
devices. There is a general agreement in the literature that high shear
stress and/or long exposure time (texp) may cause a loss of high molecular
weight multimers (HMWM) of von Willebrand factor (vWF). However, the
effect of turbulent flow on the HMWM vWF still remains unclear. In the
present study, a custom submerged jet apparatus was used to investigate the effect of turbulence (Reynolds number, Re up to 29000) on the
destruction of the HMWM vWF. There is also disagreement as to whether
the destruction is mechanical and/or enzymatic, thus, we examined the
effect of EDTA to inhibit ADAMTS13 by adding EDTA to the plasma and
repeating the experiments.
Methods: Pooled human platelet-poor plasma was used for the experiments. For both laminar (Re = 1073, texp = 7.2 sec) and turbulent conditions (Re = 10391, 25000, and 29000 with texp = 0.74, 0.31, 0.27 sec,
respectively), 2 mL of phosphate buffered saline (PBS) was injected into
a 30 mL receiver syringe containing 7 mL of plasma solution (μ = 1.75
cP). An adjustable pneumatic cylinder was used to push the PBS through
the 0.33 mm diameter nozzle to create the free jet. Three independent
measurements were performed for each flow condition and 0.5 mL of
sample from each measurement was collected. Each sample was placed
into 2.0 mL cryotube and immediately frozen in dry ice. All tests were
repeated with 10 mM EDTA added to the plasma solution in order to
inhibit the enzymatic cleavage by ADAMTS13. The multimer analysis was
performed at the BloodCenter of Wisconsin, Milwaukee, WI.
Results: The average percent destruction of HMWM vWF over a range
of Re with and without EDTA is shown in the figure. It clearly shows the
destructive effect of turbulence on the HMWM at the given exposure
times. When EDTA is added the destruction is minimal. We are currently
refining the flow conditions to get a more comprehensive map for the
effect of turbulence on the HMWM vWF.

Study: In healthcare today - whether in device development, clinical testing, care delivery or patient compliance - one is often overwhelmed due
to the internet’s enhanced information accessibility, leading to confusion
and the use of misinformation. A need exists for a simple aggregation and
filtration mechanism to yield accurate information for healthcare stakeholders. An information analysis and prioritization algorithm (Medivizor
MDVZ) was hypothesized to yield more relevant information than that of
individual recall and web surfing. Tested in a clinical setting, with a rubric
evaluating physician/medical student knowledge, the study assessed the
granularity of medical knowledge by medical education level and the correlation between access to and relevance of translational health information in two conditions: standard clinical information gathering practices
vs. smart information engine algorithmic filtering.
Methods: 20 MDs and medical students were assigned a two-part questionnaire: the first part consisting of on-site recall of information associated with a specified disease; the second, two-day literature research
reviews for the assigned disease. Time spent and number of references
cited were assessed by education level and compared to results obtained
via the MDVZ algorithm. References cited by the assignees and MDVZ
were evaluated for and compared by category and publication impact.
Results: For all 20 subjects, the analysis and prioritization algorithm was
more efficient (referencing 1238 total articles) than traditional physician
efforts (43 articles). Of the total references cited, MDVZ provided more
relevant information, with 61.3% of citations focused on cutting-edge
research vs. 13.2% of citations by medical personnel. The average Journal
Impact Factor for MDVZ’s references was higher (11.5) than that of medical personnel’s (3.6). Thus, algorithm-assisted information access appears
to be a useful tool, broadly, to advance healthcare.
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ECG-synchronized Rotational Speed Change System Has Preventive
Effect on Right Heart Failure During Continuous-flow LVAD Support
D. Akiyama,1 T. Nishimura,2 K. Iizuka,1 T. Mizuno,1 T. Tsukiya,1 Y. Takewa,1
M. Ono,3 E. Tatsumi.1 1Department of Artificial Organs, National Cerebral
and Cardiovascular Center, Research Institute, Osaka, JAPAN; 2Department
of Cardiovascular Surgery, Tokyo Metropolitan Geriatric Hospital and
Institute of Gerontology, Tokyo, JAPAN; 3Department of Cardiothoracic
Surgery, The University of Tokyo hospital, Tokyo, JAPAN.

A Method to Increase PLA Scaffold Radiopacity Within Cardiac Vessels
A. Ginn,1 M. T. O’Brien,2 S. L. Lee,1 B. R. Weeks,2 F. J. Clubb,
Jr.1 1Department of Biomedical Engineering, Texas A&M University,
College Station, TX; 2Department of Veterinary Pathobiology, Texas A&M
University, College Station, TX.
Study: Due to increased biocompatibility and ease in manufacturing,
poly(lactic) acid (PLA) has evolved into a leading material for stent scaffolds. However, switching to this radiolucent material has complicated
PLA scaffold localization and dissection for pathological analysis, as traditional imaging techniques such as micro x-ray cannot be used. Therefore,
a need exists to increase PLA scaffold radiopacity inside vessels. Previous
experiments have identified iohexol as an adequate contrast agent for
micro-imaging of PLA scaffolds. However, vessel vs. scaffold delineation
needs to be explored to evaluate the efficacy of this method.
Methods: PLA scaffolds were 3D printed and inserted into explanted
swine cardiac vessels. Each specimen was imaged prior to contrast exposure using a North Star Imaging X50 micro-CT machine. Tubing was fitted
to each vessel diameter and the specimen was subjected to a constant
stream of iohexol for 25 minutes. Contrast-infused vessels with inserted
scaffolds were then imaged and analyzed. Multiple line intensity profiles
of each specimen were acquired; standard deviations of pixel intensities
were then compared. Percent scaffold reconstruction was calculated.
Results: The specimens exhibited an overall increase in scaffold visibility
after contrast exposure. Although the average pixel intensity decreased,
the test case exhibited approximately 2.8 times more intensity variation
than the control case (Fig 1); this denotes increased vessel vs. scaffold
contrast. Furthermore, reconstruction of micro-CT imaging revealed
47.1% recovery of scaffold volume within the vessel for the contrasted
case (Fig 2), while the control only featured 2.5% recovery (Fig 3). This
increase in recovered scaffold volume significantly aids in accurate localization and characterization of intravascular scaffolds. Future experiments
should aim to further increase vessel vs. scaffold delineation.

Study: Right heart failure (RHF) is a serious complication during continuous-flow LVAD (CF-LVAD) support. One mechanism of RHF is continuous
septal shift due to continuous left ventricular (LV) unloading. We have
previously developed Novel Heart Load Control System (NHLCS) which
changes the rotational speed (RS) of CF-LVAD (EVAHEART) synchronously
to cardiac cycle, utilizing the ECG signal. This system could control LV load
(i.e. LV pressure and volume) while maintaining systemic flow. So, we
hypothesized that this system could prevent or improve RHF, through the
septum by controlling LV load. The aim of this study is to prove NHLCS
could improve right ventricular function, compared to constant rotational
speed mode by pressure-volume loop analysis of both ventricles.
Methods: Under general anesthesia, via left thoracotomy, we installed
four adult goats(BW 45.8 ± 6.5kg) EVAHEART between LV apex and
descending aorta. Heart failure was induced by drip infusion of esmolol,
short acting beta blocker. We monitored flows of ascending aorta, pulmonary artery, and pump outlet, pressures of four heart chambers and great
vessels. Millar conductance catheters were introduced to both ventricles
for pressure-volume loop analysis. EVAHEART was driven in constant
RS mode, and NHLCS counterpulse mode (raising RS during diastolic
phase), and these indices, especially, pressure, volume, and stroke work
(expressed by area of pressure-volume loop), of both ventricles were analyzed. Whole analysis was carried out under full bypass condition while
maintaining same systemic flow between two modes.
Results: As compared to constant RS mode, NHLCS counterpulse mode
increased LV maximal pressure and stroke work. Counterpulse mode
increased RV end-diastolic volume(139 ± 9 vs 146 ± 14ml) and stroke
work(172 ± 58 vs 256 ± 101ml∙mmHg). This result implies that NHLCS
could become a promising option for preventing RHF in CF-LVAD patients.
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In-vitro Feasibility Study of a Pulsatile Intra-ventricular Assist Device
Mimicking Jellyfish-like Movement
W. Tingting, Z. Yuxin, H. Po-Lin. Artificial Organs Technology Laboratory,
Biomanufacturing Centre, School of Mechanical and Electrical
Engineering, Soochow University, Suzhou, CHINA.
Study: We are developing a novel intra-ventricular assist device (JF-VAD)
which mimics the jellyfish-like movement. The jellyfish-like movement
enables pulsatile flow generation and the intra-ventricular placement
decreases the risk of hemolysis and thrombosis. To augment the cardiac
output effectively, proper placement of the JF-VAD within the left ventricle (LV) is crucial. This feasibility experiment was to evaluate the influence
of the misalignment between the jet flow of JF-VAD and the ventricular
outflow tract (LVOT) on the pumping efficiency.
Methods: A proof-of-concept JF-VAD prototype was designed and fabricated with mechanical skeleton and rubber cover to form the bell structure as in a jellyfish. The size and shape was determined per the DICOM
data of 13 heart failure patients’ LVs. The prototype was placed in a static
mock LV chamber and driven by a linear actuator at a pulsing rate of 70
beat/min. Misalignment was defined by the angle between jet flow and
the LV outflow tract (Fig.1A). Seven misalignment settings were tested
and the flow output and differential pressure were recorded.
Results: The JF-VAD reached the maximum flow capacity when the jet flow
fully aligned to the LVOT. On the other hand, the output flow was only 40% of
the maximal capacity when jet flow direction was in between the inflow and
outflow tracts (Fig.1B). The results demonstrate that (1) the jellyfish-like
motion mechanism of JF-VAD was able to work as a pump; (2) proper
placement is required to achieve its optimal pumping performance.

Fig.1 A: Schematic of the misalignment angle,(LVIT: LV inflow tract; LVOT:
LV outflow tract); B: Flow capacity in % of JF-VAD vs misalignment angle.
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Implanted Novel Autologous Bioprosthetic Valve Can Adapt the
Histological Character to the Environment
Y. Takewa,1 Y. Nakayama,2 H. Sumikura,1 K. Iizuka,1 D. Akiyama,1 N.
Katagiri,1 D. Takeshita,1 E. Tatsumi.1 1Department of Artificial Organs,
National Cerebral and Cardiovascular Center, Osaka, JAPAN; 2Division of
Medical Engineering and Materials, National Cerebral and Cardiovascular
Center, Osaka, JAPAN.

Large Eddy Simulation and Hemolysis Estimation of the FDA Nozzle
Model
P. Wu, P. Hsu. Artificial Organ Technology Lab, Soochow University,
Suzhou, CHINA.
Study: Blood compatibility design has become one of the most important
issues in the development of blood-contacting cardiovascular devices.
CFD simulations, in conjunction with empirical hemolysis estimation models has been widely used to predict hemolysis during the development
phase. The accurate prediction of the hemolysis lies in three aspects:
a) the accurate capture of shear stress and flow characteristics; b) the
proper form of the shear stresses in the empirical models; c) a good
empirical model. The present study employs large eddy simulation (LES)
technique to accurately capture the unsteady flow feature, and explores
the proper way of computing equivalent shear stress.
Methods: The benchmark case of FDA nozzle was chosen in this work. LES
computation was performed at Reynolds number of 6500 using the WALE
SGS model in combination with a Eulerian hemolysis prediction model.
A reference RANS simulation was carried out using k-epsilon model. The
velocity profiles and Reynold stress were compared with PIV results. Two
forms of equivalent shear stress were used to evaluate hemolysis: a) the
average viscous shear stress; b) the instantaneous viscous shear stress.
Results: The LES simulation yielded superior predictions of flow field to
the RANS simulation. The LES simulation captured the jet instability and
breakup downstream of the sudden expansion, while the RANS simulation failed to capture these characteristics correctly. Therefore scaleresolving methods such as LES are necessitated to deal with such complex
flow physics in medical devices. The hemolysis level computed using the
instantaneous shear stress was higher compared with that of average
shear stress, and matched the experimental results better. This verifies
previous findings, namely, hemolysis should be related to instantaneous
flow field.

Study: We are developing a novel autologous tissue heart valve (Biovalve)
with a unique in-body tissue engineering. This is expected to be a viable
bioprosthesis keeping better biocompatibility. In this study, we tested the
feasibility and long-term availability in large animal experiments.
Methods: We created many kinds and sizes of molds for Biovalves using
plastic rods with 3D printer easily and quickly considering the recipient
character. In this study, we selected 3 types (a conventional type, a fullroot type and a valve with a metallic stent for transcatheter implantation)
and embedded them in the subcutaneous spaces of adult goats for 1–2
months. After extracting the molds with the tissue and removing the
plastic rods only, Biovalve with tri-leaflets similar to those of the native
valves were constituted from completely autologous connective tissues
and fibroblasts. Five cases of conventional Biovalves were implanted in
the aorta under cardiopulmonary bypass, 21 cases of full-root type were
implanted in the apico-aortic bypass or the pulmonary artery, and 25
cases of stent-valve type were implanted with transcatheter technique
into in situ the aortic and pulmonary valves (17 and 8, respectively).
Results: In each type, Biovalves were successfully implanted and showed
smooth movement of the leaflets with a little regurgitation in angiogram,
and the maximum duration reached to 18 months in full-root type and
19 months in stent valve type. Histological examination of the Biovalves
showed the autologous cells covering the laminar surface of the valve
leaflets as the endothelium and also getting inside to construct characteristic tissues like native leaflets. In conclusion, the Biovalves have a potential to be used for viable bioprosthetic valves and to keep better function
and biocompatibility longer than current ones.
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Impact of IABP Timing on Aortic Hemodynamics: A Computational
Investigation
M. Caruso,1 M. Rossi,2 P. Fratto,2 G. Fragomeni.1 1Magna Graecia
University, Catanzaro, ITALY; 2Cardiac Surgery Department, Grande
Ospedale Metropolitano “Bianchi-Melacrino-Morelli”, Reggio Calabria,
ITALY.
Study: Clinical indications and benefits of intra-aortic balloon pump
(IABP) are undisputed, but little is known about the impact of its timing
on hemodynamics when the support ratio is decreased. Thus, the aim of
this study was to investigate changes on hemodynamics in aorta and its
vessels at the different frequencies of IABP assistance.
Methods: A computational approach was employed to carry out the
investigation on a 3D patient-specific aorta model, obtained from CT
images using segmentation and reverse engineering techniques. Balloon
size was chosen according to the technical specifications about patients’
height. The inflation/deflation behaviour was obtained with a parametric
study, modeling the 1:1, 1:2 and 1:3 timing using Fourier equations. Since
the 1:3 assistance was considered, three cardiac cycles were simulated in
order to compare the full assistance (1:1) with the partial assistances (1:2
and 1:3). As boundary conditions, the same cardiac output was applied in
the three cases.
Results: As the ratio is progressively decreased from 1:1 to 1:3, there
was a flow reduction in the head and upper body vessels. At the same
time, an increase of lower body vessels flow was observed. The cause to
explain this phenomenon is to find around the time reduction of abdominal occlusion induced by IABP when the support is 1:3 if the total cardiac
output remains stable. These findings, applied to clinical practice, encourage a fast coming off of IABP full support as soon as possible to increase
lower body vessels perfusion.
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Effect Of Leaflet Orientation Of Prosthetic Bi-leaflet Mechanical Heart
Valve On Flow through Aorta
S. Kumar, S. D. Sharma. Cardio Vascular Flow Dynamics Lab, Aerospace
Engineering Department, IIT, Bombay, INDIA.
Study: The present numerical investigation is carried out to understand
influence of orientation of leaflets of prosthetic Bi-leaflet Mechanical
Heart Valve on swirling flow pattern through human aorta during different
phases of cardiac cycle which is expected to reduce the LDL deposition on
artery surface and prevent development of atherogenesis.
Methods: A typical test model of adult human aorta is shown schematically in
Fig 1. Transient numerical simulation was performed for three orientations of
the fully open valve leaflets having 0°, 45° and 90° angles between the valve
hinge line and cardiac long axis plane, using ANSYS Fluent - a finite volume
code. Duration of systolic phase of the entire cardiac cycle was considered.
Results: Mass flow distribution through the branches of aorta obtained
for various time steps of systole showed negligible variation with the
orientation of leaflets. However, velocity and vorticity (not shown) distribution was found to strongly depend on the valve leaflet orientation.As
shown in Fig 2, immediately downstream of the leaflets the flow pattern
(velocity contours and streamlines) is independent of their orientation.
However, further downstream the flow development is marked by acceleration on anterior wall and leaflet induced small scale vortical structures,
which rapidly change their pattern due to the large scale swirl, in particular, in the ascending part up to plane 4. Thereafter, in the descending part
of the aorta, effect of the leaflet orientation is seen to vanish. Figure 3
suggests that the flow through branches of the aorta is unaffected by the
valve orientation. Streamlines in Fig 4 suggest relatively stronger swirl
for the leaflets orientation of θ = 90° along with higher velocity on the
anterior wall region. It appears that interaction between the large scale
swirl (induced by the aortic arch) and the small scale streamwise vortices
(generated by leaflets) in the aortic flow strongly depends on the orientation of the valve leaflets.
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Comparative in-vitro Hemolysis as a Measurable Parameter for Minor
Polishing Defect Diagnosis for a Compact Maglev LVAD
L. Zhang,1 P. Hsu,1 X. Chen,1 W. Li,1 Y. Zhu,1 Z. Tang,2 Y. Ma,2 C.
Chen.2 1Artificial Organ Technology Lab, Biomanufacturing Centre,
Soochow University, Suzhou, CHINA; 2CH Biomedical, Inc., Suzhou, CHINA.
Study: CH-VAD (CH Biomedical, Suzhou, China) is an ultra-compact (190g,
49mm diameter, 26mm height) centrifugal blood pump with fully magnetic suspension and CFD-optimized flow path, demonstrating a superior
hemocompatibility in our previous in-vivo studies. The purpose of this
study was to demonstrate that normalized hemolysis index (NIH) can
serve as an indicator for minor polishing defects even at a low hemolysis
level.
Methods: Two CH-VAD test devices (S39 and S40) were tested simultaneously in two identical circulation loops at the nominal work point (5 L/min
@ 100 mmHg) for 6 hours. The loop setup and experimental procedure
conformed to ASTM F1841-97. Heparinized fresh porcine blood was
used. Blood samples were collected every 60 min to measure plasma free
hemoglobin and thus to calculate the NIH value.
Results: S39 had qualified blade polishing (Fig.1a). S40 had minor polishing defects at the blade edges where the secondary flow joins the main
flow and at the bottom corner of the impeller (Fig.1b). The NIH value of
the S39 and S40 were 0.0033 ± 0.0011 and 0.0057 ± 0.0027 g/100L (n=8),
respectively. Open-pump examination was performed and no cell adhesion was observed within the flow path after each test. Despite of low
hemolysis level, NIH serves as a sensitive indicator (p = 0.021) for minor
polishing defect diagnosis for CH-VAD and potentially for other modern
rotary blood pumps. Full paper will include the results of ongoing experiments with more test devices at various work points.
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In vitro Performance of a Novel Membrane-oscillating Left Ventricular
Assist Device
N. R. Tapolsky,1 L. H. Tompkins,1 C. J. Smith,1 N. R. Ebersold,1 M. A.
Sobieski,2 G. Monreal,2 L. Polverelli,3 P. Monticone,3 C. Botterbusch,3
M. S. Slaughter,2 S. C. Koenig.4 1Bioengineering, University of Louisville,
Louisville, KY; 2Cardiovascular and Thoracic Surgery, University of
Louisville, Louisville, KY; 3CorWave SA, Paris, FRANCE; 4Bioengineering,
Cardiovascular and Thoracic Surgery, University of Louisville, Louisville, KY.
Study: Continuous-flow (CF) left ventricular assist devices (LVAD) operated at constant speeds diminish vascular pulsatility which may be associated with adverse events. CorWave (Paris, France) has developed a novel
device utilizing an oscillating membrane to restore end-organ perfusion
by delivering pulsatile flow. The proof-of-concept study objective was to
characterize device performance over a range of physiologic test conditions in mock circulatory loop models (MCL).
Methods: The CorWave LVAD-prototype was tested in MCL models
constructed of compliant silicone tubing and acrylic chambers, primed
with a glycerol-saline solution at viscosities of 2, 3, and 4cP which mimic
blood hematocrit levels of 22, 38, and 48%, respectively. Pressure-flow
(H-Q) curves were obtained from a static MCL while operating the device
at different membrane oscillations (50-140Hz) over a range of flows
(1–10 L/min) in 1 L/min increments. Hemodynamic measurements (pressures, flows) were recorded in the MCL under simulated physiologic test
conditions (heart failure, hyper/hypotension, hyper/hypovolemia) using a
dynamic mock ventricle. The LVAD was operated in synchronous co-pulse,
counter-pulse, and asynchronous modes for a range of oscillations (50140Hz). These data were used to quantify 1) indices of pulsatility: ΔP and
surplus hemodynamic energy (SHE); 2) hemodynamic responses for all
test conditions.
Results: The CorWave LVAD demonstrated the ability to deliver 8 L/min
flow at a head pressure of 80 mmHg with high correlation (R2=0.97, Fig 1).
The highest flow rates were achieved at the highest oscillation frequencies (6.6 L/min at 140Hz), whereas maximal pulsatility (51.7 mmHg at
50Hz) was achieved at the lowest oscillation frequencies (Table 1). The
novel oscillating membrane technology of the CorWave LVAD provided
clinically-relevant flow rates and pressure heads necessary to generate
pulsatile flow, which may help to improve clinical outcomes and lower
adverse events associated with CF-LVAD.
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Use of Robust Mock Circulatory Loops to Effectively Evaluate the
Physiological Flow Performance of VADs
L. Herbertson, Y. Choi, A. Drummond, S. Retta, J. Rinaldi. Center for
Devices and Radiological Health, U.S. Food and Drug Administration,
Silver Spring, MD.

Artificial Shear Effect on Leukocytes at a Biomaterial Interface Using a
Rheometer
G. Radley,1 I. Pieper,1 K. Hawkins,2 C. A. Thornton.2 1Calon Cardio Technology Ltd., Swansea, UNITED KINGDOM; 2Swansea University,
Swansea, UNITED KINGDOM.

Study: Traditional pressure-flow curves are insufficient for assessing
hemodynamic VAD performance in heart failure patients. The physiological effects of pulsed flow modes, suction detection, closed-loop feedback
control, retrograde flow monitoring, responsive control and alarms, and
VAD weaning are not well understood. An improved in vitro test method
to simulate such physiologic scenarios would allow for better characterization of VADs earlier, thereby decreasing the reliance on clinical trials
and post-market studies which expose patients to unknown risks.
Methods: An easily tunable mock circulatory loop to generate cardiovascular flows for a range of heart failure patients, VAD operating conditions,
and implant configurations is being developed to assess VAD technologies. The system will be automated to reproducibly simulate untreated
heart failure, hypertension, VAD stoppage, partial or full VAD support,
ventricular recovery, exercise, steady VAD flow versus programmed
pulsed flow, and low flow VAD settings with possible retrograde flow.
The system is designed to measure multiple parameters simultaneously,
including ventricular and VAD flows, fluid properties, ventricular pressure,
inlet and outflow VAD pressures, and VAD pump speed and power. A
robust loop also allows for studying the impact of adverse events such as
valve insufficiency, dysfunction and fusion, and pump-related thrombosis
on VAD functionality prior to clinical use.
Results: By using this unique approach, manufacturers can account for
complex human-VAD interaction and physiological changes in patients
during the pre-clinical stage of the total product life cycle, which will
lead to safer devices when introduced into clinical trials. When validated,
these cost-effective and time-saving in vitro tools have the potential to
strengthen current regulatory practices for evaluating hydrodynamic
performance of emerging VAD technologies.

Study: To mimic the foreign surface and artificial shear introduced to the
body by ventricular assist devices (VADs) through the use of biomaterial
discs attached to a rheometer.
Methods: Discs of biomaterial: diamond-like carbon coated stainless steel
(DLC); single crystal sapphire (Sap); and titanium alloy (Ti) were attached
to parallel plates on a rheometer. Whole human blood was sheared for
5 min between the discs at 0 s-1 and 1000 s-1. Complete cell counts were
measured. Flow cytometry was used to measure leukocyte activation
(L-selectin and CD11b), phagocytosis, and viability. ELISA was used to
measure cytokines of interest after initial proteome profiling (MIF and
IL-1α).
Results: Data shown as fold from baseline. Leukocyte counts (n = 6) were
reduced when sheared on Sap with neutrophils significantly decreased
(69.3 ± 21 %, p = 0.005). Activation of neutrophils and monocytes was
evident through a significant decrease in L-selectin on Sap both at 0 s-1
and 1000 s-1 (n = 9, p < 0.05). There was no increase in the expression of
CD11b or cell death in any biomaterial/shear combination. The functionality of leukocytes in terms of phagocytosis (n = 3) was decreased when in
contact with DLC at 0 s-1 (77.3 ± 9.1%) and delayed when sheared at this
surface (70 ± 20.1%). Cytokine measurements are ongoing. Initial results
correlate with previous work using biomaterials in a static environment
with leukocytes, particularly monocytes, affected by Sap when static/
sheared. DLC shows minimal activation which may explain the reduction
in phagocytic ability observed. This work may reveal why some pump
designs are more susceptible to thrombus formation, particularly at the
bearings.
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Aortic Valve Pressures During Left Ventricular Assist Device Support in a
CFD-validated Model
M. Rossi, F. Jiritano, M. Caruso, A. Cuda, P. Mastroroberto,
G. Fragomeni. Magna Graecia University, Catanzaro, ITALY.

Prediction Method of Shear Induced Thrombus Formation on Pipe
Orifice Flows by Hybrid CFD Methods with Considering Aggregation
Process
M. Tamagawa. Graduate School of Life Science and System Engineering,
Kyushu Institue of Technology, Kitakyushu, JAPAN.

Study: Evaluate pressures and forces acting on the native aortic valve
during continuous, left ventricular assist device (LVAD) support by a Computational Fluid Dynamic (CFD) analysis on a model with experimental
validation.
Methods: An experimental model of the thoracic aorta connected to a
centrifugal pump was used to simulate continuous flow LVAD. The model
was composed by a quadrifurcated Dacron woven graft, a porcine bioroot, two soft silicone cannula connected to a three way tap -to mime
the two coronaries - and a reservoir to close the circuit. The pump output
was kept at 3L/min. Three 22G/0.7mm needle were used to measure
pressures in each of the three sinuses of Valsalva: non coronary (NNS);
left coronary (LCS) and right coronary (RCS). Pressures measured at
NNS, LCS and RCS were recorded with and without the coronary flow by
switching on-off the three-way tap at the end of the two silicone tubes to
simulate the coronary flow dynamic during systo-diastole. Experimental
data attained were used to validate a specular CFD model. Simulations
were carried out up to 90 mmHg of mean pressure using a commercial
software package, COMSOL 5.2 (COMSOL Inc, Stockholm, Sweden).
Results: Both CFD and experimental analysis, showed equal pressures at
the three sinuses of Valsalva (i.e. without coronary flow), in systole. In
diastole, there was a pressure drop in each sinus, corresponding at the
opening of the tap allowing coronary flow in the bench test. However, the
drop was comparable only in the two sinuses with the origin of the coronaries (RCS and LCS) but significantly lower at the NCS (p<0.01), Figure 1.
Our data suggest that the NCC of the aortic valve is subjected to higher
pressure and force load during continuous flow LVAD therapy.and might
be the weak chain ring where the de novo aortic insufficiency reported on
long term LVAD support begin.

Study: To suppress the hemolysis and avoid the thrombus is very
important and serious problem in developing the rotary blood pumps.
In our previous studies, effects of the thrombus formation rate on wall
were examined by observation of thrombus formation. And it was found
that the thrombus formation rates increasing linearly with shear rates.
To understand this relation in detail, it is necessary to establish the CFD
model. This investigation proposes hybrid method of two CFD methods
with considering the aggregation process of platelets on the wall.
Methods: Using the flow filed data, the concentration of species with
chemical reaction were computed by finite difference method (FDM).
Especially concentration of activated platelets was predicted and the
deposition of activated platelets was also predicted. In our newly
proposed hybrid model, dissipative particle (DPD) method is applied
to express the aggregation process of platelet on the wall. In this novel
model, by adding the DPD model with aggregation, number of aggregated
and activated platelets was evaluated. Computational objects are 5 types
of pipe flows through orifices used in our previous investigations.
Results: The distributions of concentration of activated platelets and
aggregation of platelet can be expressed by these computations of several
orifice geometries. It was found that the concentration of activated platelet is high at the front of orifice and near the reattachment point of recirculation area. Then the number of deposited activated platelet on the
wall was obtained by FDM, and the number of aggregation of platelets
was obtained by DPD method. By using probability of deposed platelets
on the wall, the total number history of activated and aggregated platelets was obtained. The rate of aggregated platelets was compared with
our previous experiments of thrombus formation rate. It was found that
the predicted rate of aggregation increases with shear rate.
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Progress in the Development of an Automatic Ventricular Assist Device
with Pulse Augmentation and Regurgitant Flow Shutoff
N. Byram,1 D. J. Horvath,2 G. Sunagawa,1 J. H. Karimov,1 B. D. Kuban,1 R.
Dessoffy,1 N. Moazami,1 K. Fukamachi.1 1Cleveland Clinic, Cleveland, OH;
2
R1 Engineering, LLC, Euclid, OH.

Methodology for the Design of Control System Based on the Concepts of
Reliability Analysis and Inherent Safety for VADs
J. C. Dias, Jr., J. Dias, D. Filho, M. Barboza, E. Legaspe, D. Galantini,
P. Miyagi. Departament of Mechatronics and Mechanical Systems
Engineering, University of São Paulo, São Paulo, BRAZIL.

Study: We are developing a ventricular assist device (funded by NHLBI,
1R21HL133871) that automatically couples with the ventricle to augment
pulsatility and shut-off regurgitation in the event of power interruption.
We previously demonstrated that the alpha working prototype (AVα)
improved pulsatility and prevented regurgitant flow during pump stoppage in the initial in vitro study. The purpose of this study was to evaluate,
on a mock loop, the effects of improved fabrication and adjustments to
the relative spacing of the magnets and impeller (part model AV010) on
pulsatility and functionality of the shut-off feature.
Methods: Bench testing of the AV010 was performed on a pulsatile
mock loop with a pneumatic mock ventricle that simulated the native
ventricle in heart failure. The pump was run at 4.0 L/min to evaluate pulse
augmentation, and then the pump was stopped by power interruption
(without clamping the outflow conduit) to evaluate regurgitant flow
through the pump. The outflow graft was then clamped to evaluate any
differences in hemodynamics to demonstrate the feasibility of a clinical
pump-off test. The resulting data were compared with our previous
results from the AVα.
Results: The AV010 showed greater pulse pressure (35.5 mm Hg) compared with the AVα (27.8 mm Hg), while the pulse pressure with no assist
device was 23 mm Hg, demonstrating a pulse augmentation factor of 54%
(Figure). When the pump was stopped, there was no remarkable regurgitant flow through the pump (mean pump flow of -0.1 L/min), whereas
it was -0.8 L/min with the AVα (Figure). There were no changes in the
arterial pressure waveform in the AV010 when the outflow conduit was
clamped, indicating that the pump-off test could be done without clamping the outflow conduit. In conclusion, the AV010 showed improvements
in pulsatility and functionality of the shut-off feature over the AVα.

Study: This work presents an approach to use risk management to
identify, evaluate and control potential hazards in VAD (Ventricular Assist
Device) projects to ensure the increase of their reliability and inherent
safety by applying the RISI (Risk Inherent Safety Index) method.
Methods: This research is based on the application of this methodology
through the following steps: Proposal of a standard method for inherent
reliability and safety of VAD projects; Modeling the control strategy using
Petri nets; Bench test of the control system.
Results: A modeling, through spring balances, represents the weight of
the contributions of the individual reliability acquired after the application of the methodology in each project of the critical subsystems. On the
right-hand side of Figure 1 is a matrix with reliability levels, represented
in colors that express a weighting for overall reliability that will indicate
whether the project result is in an acceptable range, or not, according
to the standard developed for the research. The graph represents an
oscillation of the weight impact of each subsystem, between a result of a
first and second analysis of each critical subsystem. This allows a prompt
individual verification of the evolution of the reliability of each subsystem and its impact on the overall reliability of VAD’s projects, prior to
its implementation, determining and controlling the possible behavioral
deviations of the critical subsystems.
Conclusions: The controls obtained for the VAD, after application of the
methodology, will allow an improvement of the design of the Control System, and its later, bench test, will ensure the reliability of the use of VAD.
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Polymer Processing Techniques Impact Vascular Cell Behavior: How You
Form It Matters
K. R. Ammann,1 M. Li,2 S. Hossainy,3 M. J. Slepian.4 1Biomedical
Engineering GIDP, University of Arizona, Tucson, AZ; 2Biomedical
Engineering, University of Arizona, Tucson, AZ; 3Bioengineering, University
of California, Berkeley, Berkeley, CA; 4Medicine, University of Arizona,
Tucson, AZ.

Computational Fluid Dynamics to Guide Impeller Refinements for
Reducing the Potential for Thrombus Formation
M. S. Goodin,1 D. J. Horvath,2 N. Byram,3 J. H. Karimov,3 S. Okano,3 G.
Sunagawa,3 N. Moazami,3 K. Fukamachi.3 1SimuTech Group Inc., Hudson,
OH; 2R1 Engineering, LLC, Euclid, OH; 3Cleveland Clinic, Cleveland, OH.
Study: A series of one 30-day and two 90-day chronic animal studies was
previously performed with Cleveland Clinic’s continuous-flow total artificial heart (CFTAH), without administration of postoperative anticoagulation. Upon explant, no thromboembolism was seen in the internal organs,
and the blood flow path for the pumps was clean except for varying
amounts of thrombus attached to the right pump impeller. In the current
study, computational fluid dynamics (CFD) was used to evaluate impeller
design modifications to improve local impeller flow patterns and reduce
the potential for thrombus formation.
Methods: Transient, non-Newtonian rotor-stator CFD (CFX, ANSYS Inc.,
Canonsburg, PA) analyses of the CFTAH were used to predict flow distribution, pressure increase, blood shear stress, flow residence times, and
platelet stress accumulation (PSA). A linear power law, Eulerian formulation of the PSA, in addition to impeller shear stress and flow residence
time, was used to compare different impeller designs and recommend a
preferred design for in vivo evaluation.
Results: The CFD results for the three designs (baseline design, an
increased impeller hub cone angle design, and a design with an increased
blade curvature) are shown at 200 degrees of impeller rotation (Figure).
The upper images present wall shear stress on the right impeller surface;
the lower images present PSA on a surface 0.003-inch offset from the
right impeller surface. Ranges for these plots were limited to highlight
regions of low wall shear and high PSA. For these initial configurations,
the design with increased impeller hub cone angle showed the best
promise of reducing thrombus formation. However, this design also
reduced the right pump’s pressure rise by 13%. Further design iterations
are planned to find the desired balance between hydraulic performance
and potential for thrombus formation so as to select a preferred design
for in vivo evaluations.

Study: Synthetic polymer films are used extensively in implantable medical devices and tissue engineering. Cell and tissue behavior may be influenced by interaction with these implanted polymers, affecting long-term
implant success. Specifically, surface topography of polymer materials
can affect cell phenotype, adhesion and migration. Many techniques are
available for implant polymer processing. While variation in these techniques leave the polymer chemical identity intact, the mechanical and
topographical properties may change. In this study, we focus on exploring
the effects of varying polymer processing techniques on cell interactions,
studying a commonly-used implantable polymer: poly(ε-caprolactone)
(PCL). We hypothesize that the variation in properties resulting from polymer processing techniques: 1) melt press 2) solvent cast 3) spin coat will
affect vascular endothelial (EC) and smooth muscle cell (SMC) adhesion.
Methods: 5% PCL solutions were prepared in DCM solvent. Solvent cast:
20ml of PCL solutions were carefully poured to spread in glass plates.
Solvents were evaporated overnight. Melt press: PCL films were placed
between two Carver Press platens and heated to 60 C while under 1000
lbs pressure. Films cooled 12 hours, under pressure before removal.
Spin coat: 3ml of PCL solution was poured over glass plate and spun at
4900RPM. All films were vacuum heated at 37 C for 24 hours before use
with cells. Cells were seeded on polymer for 24 hours before imaging.
Results: We found PCL films had significant variation in roughness parameters (Rq) ranging between 28 nm to 368 nm (Figure 1 top). In general,
solvent cast PCL created a rougher film (Rq = 368 nm). This corresponded
to an increase in cell adhesion to the surface, however cell spreading
was limited (Figure 1 bottom). In conclusion, it is important to consider
polymer processing of films for use in implants. Specifically, our results
indicate that polymer processing of PCL for vascular implants could affect
ability of cells to adhere.
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Ex vivo Pathological Platform for Vascular Device Testing
N. Vanerio,1 A. Leopaldi,1 M. Stijnen,1 J. de Hart,1 B. de Mol,2
L. Kock.1 1LifeTec Group BV, Eindhoven, NETHERLANDS; 2Dept. of
Cardiothoracic Surgery, Academisch Medisch Centrum, Amsterdam,
NETHERLANDS.

Method for Design a Control System Considering Fail and Safety
Interaction Between VAD and Patient Body
A. C. Cavalheiro, Sr.,1 A. Andrade,2 D. J. Santos Filho.3 1Mechatronics,
Fundacao Santo Andre, Santo Andre, BRAZIL; 2Bioengineer, Instituto Dante
Pazzanese de Cardiologia, São Paulo, BRAZIL; 3Mechatronics, Universidade
de São Paulo, São Paulo, BRAZIL.

Study: Animal and in vitro experiments are the main methods to test
vascular devices, despite disadvantages like low control of parameters
and absence of biological response respectively. New strategies are ex
vivo models where these drawbacks are overcome. To evaluate vascular
devices in a more clinically relevant setting, diseased blood vessels should
be applied in these platforms in a controlled way. Therefore, we aim to
develop a pathological ex vivo vascular model, with induction of stiffening
and bulging, for long-term device testing, research and training purposes.
Methods: An in-house developed ex vivo VAscular BIOreactor (VABIO)
was used for long-term blood vessel culture under physiological conditions. Fresh porcine carotid arteries were harvested in a slaughterhouse.
Half were treated with a sono-sensitive compound (Rose Bengal),
activated by sonication (3.5 MHz) to induce changes in the wall structure,
while the other half served as control. The carotids were cultured up to
10 days. Pressure and flow rate were monitored daily. Ultrasound imaging
and histological stainings were performed to evaluate arterial structural
properties.
Results: Ultrasound imaging and histology highlight significant pathological changes in the treated vessels’ wall like diameter increase, thickening,
structure change and bulge formation. This indicates a first step towards
the development of an ex vivo pathological model. Ideally, this realistic
but controlled environment will be used in studies to test treatments and
medical devices, thereby replacing costly animal experiments.
This work was supported by the European Commission within the Horizon
2020 Framework through the MSCA-ITN-ETN European Training Networks
(project number 642458).

Study: VAD projects include several research areas: biomaterial, medicine, mechanical and electromechanical engineering, and also computer
technologies, therefore, sensors to indicate body condition. Therefore,
if VAD has no dynamic behavior according to the cardiovascular system
performance and no faults tolerance, serious limitation on results from
this application may be observed. This work proposes application of
a mechatronic approach based on advanced techniques for control,
instrumentation and automation. These techniques allow treatment of
fundamental limitations of current solutions. So, supervisory control
system can be implemented and specified for in vitro and in vivo testing
in a consistent way.
Methods: Using the concept of Safety Instrumented System (SIS) to
modeling of diagnosis and treatment of critical faults allow to generate a
safety control system. Definition of faults is made from the identification
of Safety Instrumented Functions (SIF) that describes a critical fault and
should be diagnosed and treated by SIS. A SIS implements its SIFs through
sensors and devices perform control by actuators. This parameter is a
measurement of safety for components and/or systems. In this formalism,
propositions are given as numerical parameters signifying the degree of
belief according to some evidence or knowledge.
Results: Considering described procedures, it is possible to define a
method that: (i) considers critical faults for VAD, (ii) make diagnosis and
decision, (iii) defines each Safety Instrumented Function (SIF) and (iv)
models supervisory control system considering discrete and continuous
variables of VAD. Tests was made and results from control system for VAD
was obtained at Institute Dante Pazzanese of Cardiology. According to
this work proposal, we can obtain VAD control algorithm based on Safety
Systems as shown in the figure below.
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Galvanotaxis: an Electroceutical Strategy for Modulating Vascular
Smooth Muscle Response to Injury
K. R. Ammann,1 M. Li,2 M. J. Slepian.3 1Biomedical Engineering GIDP,
University of Arizona, Tucson, AZ; 2Biomedical Engineering, University of
Arizona, Tucson, AZ; 3Medicine, University of Arizona, Tucson, AZ.

Novel Implantable Roller Pump to Treat Heart Failure-induced
Lymphedema
S. Cassel,1 C. Fox,1 K. Fox,1 M. Sahni,1 R. Dulman,1 K. Chung,1 R. Stevens,2
A. Throckmorton.1 1Biomedical Engineering, Drexel University,
Philadelphia, PA; 2Pediatric Heart Center, St. Christopher’s Hospital for
Children, Philadelphia, PA.

Study: Percutaneous coronary intervention (PCI), i.e. angioplasty or
stenting, is primary therapy for obstructive coronary artery disease (CAD).
While effective, PCI remains limited by arterial re-narrowing (restenosis).
Advances in PCI technology, via use of drug-eluting stents (DES), have
reduced restenosis rates from 40% (angioplasty alone) to < 10%. Despite
improvement, DES remain limited by thrombosis, resulting from the nonspecificity of drugs eluted which limit smooth muscle cell (SMC) ingrowth
(desired) and endothelial cell (EC) lateral growth (not desired), a vital step
needed for reduced thrombosis and restenosis. Here we introduce a drugfree approach with potential selectivity for limiting SMC growth, based on
directional galvanotaxis. Galvanotaxis utilizes direct current electric fields
(DCEFs) to drive wound healing. While this concept has been studied on
bone, neural and skin cells, application to vascular SMCs has not been
explored. In this study, we aim to define parameters of DCEFs as they
relate to the directed migration of SMCs.
Methods: A galvanotaxis chamber designed in our lab was used for
exposing cells to DCEFs. Saline solution and agar salt bridges mediated
DCEFs to cell media. Previous to DCEF application, cells were seeded at
50k cells/ml for 4 hours in the chamber. DCEFs were then applied to the
saline solution at a range of electric potentials (0 - 5 V/mm). Time-lapse
imaging was used to track cell movement over time (4 hours).
Results: Vascular SMCs were found to be responsive to galvanotaxis, with
optimal migration directionality (i.e. aligned to DCEF) at 0.5 V/mm. Notably, DCEF increased directional migration compared to control (Figure 1),
with migration toward the cathode. Our findings suggest galvanotaxis
may serve as an electroceutical alternative to drugs, which with further
translation (i.e. application to PCI) may be useful in directing SMCs away
from the luminal arterial surface, reducing neointima formation and
restenosis.

Study: During heart failure-induced lymphedema, the volume transfer
from the lymphatic system through the thoracic duct into the cardiovascular system becomes increasingly reduced due, in part, to the high back
pressure in the venous system. No minimally-invasive devices currently
exist that could boost the rate of volume transfer as a long-term means
to alleviate lymphatic congestion. To address this unmet clinical need, we
are developing a miniature roller pump that is the size of a pacemaker as
an implantable device to treat lymphedema.
Methods: This device will be activated as needed based on volume
sensors in the thoracic duct. The lymphatic pump will achieve periodic
unloading and intermittent volume rates of up to 0.8 L/min and a pressure generation of less than 30 mmHg. In this study, we established the
design of the device per engineering and clinical principles, constructed
an initial prototype of the device using acrylic materials, and experimentally tested the performance of the prototype using a lymph analog fluid
and hydraulic flow loop.
Results: The prototype reasonably met the target design criteria, and the
next phase of optimization will focus on further improving pump performance, achieving additional size reduction, and designing the power
supply system. The results of this study are encouraging and support the
continued development of this new implantable device to alleviate lymphatic congestion, and thus ease the debilitating symptoms of congestive
heart failure.
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Transient Power Elevation During Iron Dextran Infusion in a Patient with
a Heart Mate II Continuous-flow Left Ventricular Assist Device: Case
Report and in vitro Testing
P. Alvarez, N. Byram, B. Williams, M. Jacob, K. Fukamachi,
N. Moazami. Cleveland Clinic, Cleveland, OH.

Wireless Mechano-Acoustic Characterization of Altered Flow in
Ventricular Assist Devices
G. Messina, K. Ammann, M. J. Slepian. The University of Arizona, Tucson, AZ.
Study: A major downfall of ventricular assist devices (VADs) is altered
flow associated with the formation of thrombus and occlusion due to the
activation of platelets from exposure to extreme shear stresses. Currently,
the HeartMate II and HeartWare are the most commonly implanted
VADs worldwide, despite being plagued by thrombosis. Presently limited
methods exist to rapidly diagnose intra-pump thrombosis. In prior work
from our group, utilizing a wired acoustic sensor, we demonstrated that
acoustic signatures change due to thrombus formation. In the present
study we examined the acoustic of altered VAD flow in vitro utilizing a
wireless sensor system.
Methods: VADs were connected to a one meter flow loop filled with 30%
glycerol (v/v) in water (blood substitute). A wireless conformal accelerometer fabricated from stretchable electronics (BioStamp®) was placed
directly on the housing of the VADs, with sampling at 250 Hz. VADS were
operated (HeartWare at 2400–3400 RPM, HeartMate II at 8400–9400
RPM) and flow was occluded by clamping to 50, 70 and 90% of the normal flow at the maximum flow rate. Recordings were taken with no flow
as a zero to remove the acceleration due to gravity. Spectral analysis was
performed on the data in Matlab with Fast Fourier Transforms.
Results: HeartWare: Occlusion could be detected at 3000 RPM by an
additional peak at 50 Hz. This peak was detected for 50, 70 and 90%
narrowing, though not seen without occlusion. The frequency peaks
observed were noted to shift to the right with an increase in RPM. HeartMate II: No significant change in frequency was observed with occlusion.
In conclusion, wireless accelerometry may be a useful tool for early detection of altered flow in VADs, particularly in centrifugal systems such as the
HeartWare device.

Study: Background: Anemia is common in patients with mechanical circulatory support and is associated with increased morbidity. Repletion using
parenteral iron infusions has been proven to be beneficial in patients with
heart failure. In this report, we describe a case of increased power and
flows of continuous-flow left ventricular assist device (LVAD) during an
iron dextran infusion. We subsequently studied the effects of iron dextran
infusion in an in vitro LVAD mock circulatory loop.
Methods: Case: A 59 year old female with a history of non-ischemic cardiomyopathy who was status post HeartMate II LVAD insertion two years
prior presented with severe symptomatic iron deficiency anemia. After
the patient tolerated a test dose of 25 mg, an infusion of 162 mg per hour
was started. Two hours hour after initiation of the iron dextran infusion, a
remarkable increase in LVAD power and flows (5.9 to 7.9 Watts; 5.4L/min
to 10.2 L/min) and were detected. The patient was asymptomatic, and
noninvasive mean arterial blood pressure showed a mild decrease (70 to
64 mmHg). The infusion was stopped prematurely. Approximately two
hours after stopping the iron dextran infusion, the LVAD flows returned to
baseline.
Results: In-vitro testing: A mock circulatory loop was filled with bovine
blood and run at equivalent pump speed and pressures as found in the
patient. Although we observed mild variability in pump power, hemodynamics stayed the same at 6.9 L/min with a 50 mm Hg pressure rise
across the pump. There was no significant increase in power after injection of two doses of iron dextran (1st 8.4ml=33mg of elemental iron, 2nd
10ml=39mg of elemental iron) into the pump inlet port.Conclusion: The
observed increase in flow and power were most likely due to drug-patient
interaction rather than drug-LVAD interaction. Mock loops and in vivo
animal models may be necessary for pro-active evaluation of the safety of
IV preparations in this patient population
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Annexin V Binding: a Useful Marker of Shear-mediated Platelet
Activation Induced with Mechanical Circulatory Support
Y. Roka Moiia,1 N. Bajaj,1 D. E. Palomares,1 A. Dimasi,2
M. J. Slepian.1 1Department of Medicine, Sarver Heart Center, University
of Arizona, Tucson, AZ; 2Department of Electronics, Information and
Bioengineering, Politecnico di Milano, Milan, ITALY.

Characterization of an Arteriovenous Mock Circulation Loop for Testing
Intervascular Bioartificial Organs
J. Moyer,1 S. S. Sandhu,1 W. Fissell,2 S. Roy.3 1Surgery, University of
California-San Francisco, San Francisco, CA; 2Medicine, Vanderbilt
University, Nashville, TN; 3Bioengineering, University of California-San
Francisco, San Francisco, CA.

Study: Mechanical circulatory support (MCS) while clinically effective
remains limited by thrombotic complications, driven by shear-mediated
platelet activation (SMPA). Here we compare molecular mechanisms of
biochemical vs mechanical (shear) platelet activation in an attempt to
define markers specific for SMPA.
Methods: Gel filtered platelets (GFP) were obtained from human volunteers. GFP was exposed to: 1. shear conditions of MCS in vitro using a
hemodynamic shearing device; or to 2. ADP, epinephrine, TRAP6, collagen
or thrombin as biochemical agonists. For both conditions flow cytometry
was performed to detect annexin V binding, which is proportional to
phosphatidylserine externalization (PSE). Similarly, α-granule secretion
was visualized utilizing anti-CD62P antibodies in combination with antiCD41 to stain platelet integrin αIIbβ3. Procoagulant activity was detected
using chromogenic platelet activation state (PAS) assay.
Results: PSE increased after GFP exposure to constant shear (30, 50
and 70 dynes/cm2 for 10 min) but not to biochemical activators. The
platelet population binding high number of annexin V was noted to reach
21.1 ± 0.8, 41.2 ± 1.5, 93.0 ± 0.8%, respectively. In contrast, ADP, its combination with epinephrine, TRAP6, collagen and thrombin were potent
inducers of platelet P-selectin exposure. CD62P level on the surface of
shear-stimulated platelets remained close to that on resting cells. Flow
cytometry results were consistent with those obtained by PAS assay.
Thrombin generation was detected via the PAS assay for shear-exposed
platelets but not for biochemical agonists tested. SMPA was not associated with α-granule exocytosis.
Overall, it was found that elevated shear stress, but not biochemical agonists, induced PSE and subsequent thrombin generation on the platelet
surface. As such, annexin V binding might be considered as a potent and
valuable marker of the prothrombotic state associated with SMPA in MCS.

Study: Mock circulation loops (MCL) have been described to replicate
pulmonary and systemic arterial circulation for in vitro testing of ventricular assist devices. Development of hemofiltration-based implantable
bioartificial organs (IBO), such as the intervascular bioartificial kidney and
bioartificial pancreas, relies on peripheral arteriovenous (AV) interposition
for implantation and function. We developed a MCL containing pulsatile
systemic arterial and non-pulsatile venous systems to replicate in vivo AV
flow and pressure conditions for in vitro testing of IBO prototypes.
Methods: An AV MCL was constructed consisting of a pneumatic ventricular pump, atrial chamber, aortic and mitral swing check valves, arterial
compliance chamber, arterial resistor, venous collection chamber and
venous roller pump. IBO prototypes were implanted in AV fashion in an
adult Yucatan pig. Systemic arterial, inflow graft, and systemic venous
pressures were recorded. IBO blood flow rate was assessed using bulk
flow measurement. In vivo pressure and flow characteristics were then
compared to in vitro data achieved in the MCL circulating 10% glycerol
through IBO prototypes.
Results: In vivo arterial, graft and venous pressures were 110/69 (mean
86), 78/60 (72), and 13/6 (9), respectively. The MCL yielded arterial, graft,
and venous pressures of 110/67 (mean 81), 79/48 (58), and 13/10 (11).
IBO blood flow in vivo was 1032 mL/min, compared to 940 mL/min in
the MCL. The MCL was successful in replicating in vivo AV pressure and
flow conditions through IBO prototypes. Moreover, the MCL is portable,
adjustable and reusable, allowing rapid iterative in vitro testing of IBO
prototypes. This offers device feedback and refinement of IBO design
prior to expensive in vivo trials.
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Artificial Deep Neural Networks to Estimate Hemodynamic Parameters
During Mechanical Circulatory Support Without Flow or Pressure
Sensors
B. D. Kuban,1 D. J. Horvath,2 N. Byram,1 J. H. Karimov,1
K. Fukamachi.1 1Cleveland Clinic, Cleveland, OH; 2R1 Engineering, LLC,
Euclid, OH.

Surface-engineered Small Intestinal Submucosa for New Regenerative
Vascular Grafts
K. T. Valencia Rivero,1 J. C. Cruz,1 S. Ye,2 W. R. Wagner,3
J. C. Briceño.1 1Bogotá D.C., Universidad de los Andes, Bogotá
D.C., COLOMBIA; 2McGowan Institute for Regenerative MEdicine, Pittsburgh,
PA; 3McGowan Institute for Regenerative MEdicine, Bogotá D.C., PA.

Study: Knowing certain hemodynamic parameters can be very useful for
monitoring mechanical circulatory support device function and diagnosing problems. However, adding flow and pressure sensors to measure
these parameters is not usually feasible. The purpose of this study was
to compare estimates of systemic vascular resistance (SVR) derived from
a mathematical regression model to those from an artificial deep neural
network (ADNN) using only pump motor data as inputs.
Methods: The Cleveland Clinic pediatric continuous-flow total artificial heart
was run on a mock circulatory loop under various operating conditions that
spanned the normal physiologic range while collecting flow, pressure, and
pump motor data. A measured value of SVR was calculated from the flow
and pressure instrumentation data. Half of the pump motor data (training
set) was used to produce a mathematical model, which was then fit to the
measured SVR by linear regression. The same training set was then used to
train an ADNN, using the measured SVR as the desired output. The other
half of the motor data was used to validate each estimation method.
Results: ADNN estimates of SVR using inputs of motor speed, pulse amplitude, and pump power (Fig. 1) were better (standard error of estimate,
σest = 146) than those derived from regression equations using the same
data (σest = 549; Fig. 2). We conclude that an ADNN, when trained with
data that spans the operating range, can provide estimates of SVR that
are more accurate than those based on previously used mathematical
models. This method can also be applied to estimate other parameters,
such as pump flow and pulmonary vascular resistance.

Study: Regenerative vascular grafts (VG) made of small intestinal submucosa
(SIS) have been fabricated and evaluated. In vivo studies showed that SIS VG
avoided kinks, structural collapse, and thrombus formation showing patency
47 ± 4 days while polytetrafluoroethylene (PTFE) 30 ± 15 days. Neovascularization and alignment of endothelial cells in the SIS VG were observed after
6.7 ± 0.6 weeks of implantation. This study explored surface engineering strategies for improving patency rates and mitigating thrombogenesis in SIS VG.
Methods: SIS membranes were superficially engineered by conjugating macromolecules of Carboxyl-functionalized Zwitterionic phosphorylcholine (PC)
via N-Hydroxysuccinimide (NHS) and 1-Ethyl-3-(3-dimethyl aminopropyl)
carbodiimide (EDC). Thermal and surface analysis of engineered membranes
with PC-NHS and PC-NHS-EDC were conducted via differential scanning
calorimetry (n = 9) and X-ray photoelectron spectroscopy (n = 9). Scanning
electron micrographs (n = 4) of membranes were made after contact with
ovine blood for 1.5 h at 37°C. Platelet deposition analysis for SIS and PTFE
grafts were conducted via lactate dehydrogenase assays (LDH, n = 4). Finally,
human umbilical vein endothelial cells were cultured and sampled (after 3
and 8 days) to study cell proliferation in SIS and PTFE (n = 12).
Results: Thermal properties of all SIS samples remained unchanged. Carbon, Nitrogen and Oxygen content for the engineered surfaces remained
at about the same level of control samples. Phosphorous content slightly
increased for functionalized surfaces due to the presence of the PC
moieties of conjugated molecules, 0.1 ± 0.03 for SIS, 0.2 ± 0.07 for PC-NHS
and 0.4 ± 0.02 for PC-NHS-EDC. PC-NHS-EDC engineered samples showed
less platelet adhesion in the LDH assays (Figure 1) and greater ability for
cell proliferation in cell culture (Figure 2). The results open an avenue for
in vivo studies with SIS VG superficially engineered with PC-NHS-EDC.
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In vitro Investigation on the Effect of Aortic Compliance Changes to Flow
Patterns and Hemodynamics with PIV
M. Buesen, C. Arenz, U. Steinseifer, S. Sonntag. Applied Medical
Engineering, Cardiovascular Engineering, Aachen, GERMANY.

Fatty Acids Influence Platelet Membrane Fluidity and Shear-mediated
Activation
A. L. Sweedo,1 N. Fonseka,2 S. L. Leung,3 S. Saavedra,2
M. J. Slepian.4 1Biomedical Engineering, University of Arizona, Tucson,
AZ; 2Chemistry and Biochemistry, University of Arizona, Tucson, AZ;
3
Biomedical Engineering, Pennsylvania State University, University Park,
PA; 4Department of Medicine, University of Arizona, Tucson, AZ.

Study: The aorta with its compliance plays a major role in hemodynamics
as it saves a portion of ejected blood during systole which is then released
in diastole. The aortic compliance decreases with increasing age, which is
related to several cardiovascular diseases. Changes in flow patterns and
pressure curves, due to varying aortic compliance, are difficult to investigate in vivo. The aim of the present work was to develop an in vitro setup
enabling standardized investigations on the effect of compliance changes
to flow patterns and pressure curves.
Methods: An experimental setup with an anatomically correct silicone
phantom of the aortic arch was connected to a physiological mock circulation loop. The aorta was surrounded by a fluid filled box and compliance
values were adjusted with an attached compliance chamber. Particle
image velocimetry (PIV) measurements were carried out in the centre
plane of the aortic outlet for different aortic stiffness.
Results: Compliance values were adjusted between 0.62 x 10–3 mmHg-1 1.82 x 10–3 mmHg-1, which corresponds to aortic compliances of humans
in in the age of ~15 - 65 years. The in vitro investigations showed that
decreases in compliance results in significant increases in pressure gradients (dp/dt) (400 - 1000mmHg/s) and less attenuated pressure curves in
the aortic arch. Regarding the flow patterns, increased aortic stiffness led
to higher mean velocities and decreased vortex development in the aortic
sinuses. With the experimental setup effects of compliance changes could
be investigated in vitro in a standardized manner.

Study: Current anti-platelet agents used to limit thrombosis in mechanical
circulatory support (MCS) have limited efficacy. Mechanistically, current
drugs alter biochemical activation with limited to no effect on shear
mediated platelet activation (SMPA), central in MCS thrombosis. As the
plasma membrane is the initial platelet structure exposed to MCS shear,
we have been exploring approaches to modulate membrane properties
to reduce mechanical activation imparted by shear. We have shown that
altering membrane fluidity, via DMSO, limits SMPA. To further translate
this approach here we examine the efficacy of safe “nutraceutical” fatty
acids on 1. Platelet membrane fluidity and 2. SMPA.
Methods: Gel filtered platelets (GFP) (20k plts/ul, healthy volunteers)
were pre-exposed to valeric acid (1 uM), docosahexaenoic acid (DHA)
(626 ug/mL), or eicosapentaenoic acid (EPA) (626 ug/mL), for 10 minutes,
37°C. Membrane fluidity was assessed via fluorescence polarization
(measured variable is anisotropy, an inverse measure of fluidity). Treated
platelets were exposed to shear (30 and 70 dynes/cm2, for 2, 5, and
10 min) using a hemodynamic shearing device. Platelet activation was
measured with the platelet activity state (PAS) assay.
Results: All tested fatty acids altered membrane fluidity, though with
differing effects. DHA and EPA (long chain unsaturated acids) increased
fluidity, whereas valeric acid (short chain saturated acid) reduced fluidity. Interestingly DHA and EPA both increased SMPA (by 55% and 10%
respectively), while valeric acid reduced activation (9%). This positive
correlation between fluidity and SMPA conflicts with the inverse effects
seen with DMSO. These findings suggest: 1. Fatty acids, felt to be benign
and potentially anti-thrombotic neutraceuticals may adversely influence
SMPA. 2. Membrane modulation remains a viable target to limit SMPA the key remains determining the appropriate moieties to move towards
clinical translation, the subject of ongoing research in our lab.
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Variable-length Trajectory Sequences and Field-oriented Control to
Efficiently Produce Arbitrary Pulsatile Output on Mechanical Circulatory
Support Pumps
B. D. Kuban,1 N. Byram,1 D. J. Horvath,2 J. H. Karimov,1
K. Fukamachi.1 1Cleveland Clinic, Cleveland, OH; 2R1 Engineering,
LLC, Euclid, OH.

Development of an ex-vivo Perfusion System Suitable for Small Animal
Vascularized Composite Allograft Models
E. Gok,1 F. Alghanem,2 A. Rojas-Pena,2 R. H. Bartlett,2
K. Ozer.1 1Department of Orthopedic Surgery, Universty of Michigan, Ann
Arbor, MI; 2Department of Surgery, Universty of Michigan, Ann Arbor, MI.
Study: Ex-vivo perfusion is an evolving technology requiring continuing
translational research. Although feasible, this necessary investigation
is expensive and labor intensive in human and large animal studies. To
address this challenge, we have designed a miniaturized extracorporeal
circuit suitable for prolonged perfusion in small animal vascularized composite allograft models. In this study, we reported the development of our
system, and early experimental results from 6-hour perfusion.
Methods: Rat hindlimbs (n=5) were procured, cannulated, and attached
to our custom-made ex-vivo perfusion system consisting of a reservoir,
pump, hemofilter, and oxygenator. Perfusion pressure was maintained
between 55–65 mmHg and temperature between 28–32 ºC. Perfusate
was hemoglobin-based (6–9 g/dL) with the addition of STEENs solution.
Hemofiltration was performed continuously (10 ml/hr) using a balanced
crystalloid solution. Following perfusion, samples of gastrocnemius
muscle, skin, and sciatic nerve were formalin fixed and prepared for H&E,
Caspase-3, and metabolomics analysis.
Results: Perfusion was maintained at an average flow of 0.38 ± 0.04 mL/
min, vascular resistance of 184 ± 140 mmHg/mL/min, and the system was
able to maintain near physiologic blood gas values (pH 7.60 ± 0.20, pO2
606 ± 90 mmHg, pCO2 26 ± 9 mmHg, Lactate 2.6 ± 1.9 mmol/L). Following
perfusion, average percentage weight gain was 9.0 ± 6.2%, and initial
analysis revealed no signs of myocyte injury. Final histologic and metabolomic analysis are pending. In conclusion, rodent hindlimbs appear viable
after 6 hours of ex-vivo perfusion on our miniaturized extracorporeal circuit. In comparison to large animal models, which are expensive and labor
intensive, this system can serve as a simple and reproducible platform for
additional small animal research.

Study: By adding the option of arbitrarily pulsing the output of continuous-flow mechanical circulatory support pumps, the effectiveness
of various flow waveforms in mitigating the morbidity associated with
non-pulsatile flow can be evaluated. In this study, we developed a pump
motor control system that provides simple control of the wave shape,
beat rate, mean flow and pulse amplitude in real time, while the pump is
running.
Methods: We chose two wave shapes to study; one that approximates a
physiologic aortic flow wave and the other a sinusoid. These wave shapes
were divided into time segments that are defined only by their peak
acceleration and final speed values, which are simple functions of the
input parameters. When a parameter change is commanded, only these
two values for each trajectory need to be recalculated which is considerably faster than recalculating all speed-time points, and can be accomplished in real time. We also developed a simple graphical interface for
user control. The system was tested by using it to control the Cleveland
Clinic continuous-flow total artificial heart (CFTAH) on a mock circulatory loop system while monitoring real-time speed and power feedback
signals, flows, and pressures.
Results: The system functioned as designed throughout the entire operating range. The use of field-oriented control algorithms resulted in lower
power consumption and higher accelerations than had been possible with
previous designs. The figure shows examples of speed, flow, and pressure
data with the physiologic wave shape, obtained while the CFTAH was
running on the mock loop. This method can be used to test many other
pulsatile waveforms.
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Framework for Development of Hybrid Control System for Ventricular
Assist Device
M. B. Silva,1 P. Domingues,1 L. Gomes,1 T. Takabatake,1 D. Marchi,1 J. Dias,1
J. Dias,1 E. Legaspe,1 E. Drigo,2 D. Galantini,3 T. Leão,4 E. Bock,4 A. Andrade,2
D. Santos, Filho.1 1Mechatronics and Mechanical Systems Engineering,
Escola Politécnica da USP, São Paulo, BRAZIL; 2Institute Dante Pazzanese
of Cardiology, São Paulo, BRAZIL; 3Hospital Sírio-Libanês - SP, São Paulo,
BRAZIL; 4Federal Institute of Technology in Sao Paulo, São Paulo, BRAZIL.
Study: Ventricular assist devices (VADs) help diseased heart to pump
blood. A centrifugal blood pump with brushless motor, to be used as VAD,
has been studied and there is a challenge related to the design of the
control system for this class of devices; its dynamic behavior is based on
the occurrence of discrete events interacting with continuous control of
the motor speed and blood flow. In this context, a hybrid control system
(HCS) needs to be developed. This study proposes a methodology to
design a HCS solution for this class of DAVs.
Methods: The proposed methodology to design HCS is composed of six
steps: (1) Modeling using Petri Net to represent the behavior of the VAD
considering the occurrence of discrete events; (2) Validation of Petri
Net models using computer simulation for proprieties verification; (3)
Systematic and automated code generation of Petri Net into IEC61131-3
programming languages; (4) Modeling the continuous control part based
on structured programming language (IEC61131-3); (5) Implementation of
the code in Colibri Evaluation Board with Toradex modules; (6) Validation
of all hybrid control system using Hardware in the Loop technology or
Labview or Matlab - Simulink or the proper device.
Results: A case study was conducted with Implantable Centrifugal Blood
Pump. (i) Steps (1 and 2) - Models based on Petri Net were developed and
validated using Pipe Simulator; (ii) Step (3) - An algorithm using Python
was proposed to translate Petri Net description into C code automatically;
(iii) Step (4) - The motor speed control was developed in C language; (iv)
Step (5) - The final program was implemented using Colibri VR50 from
Toradex and Linux Operational System; (v) Step (6) - Validation of all
system had done in Physical Cardiovascular Simulator System (PCSS) and
the results shown were adequate. Finally, the proposed methodology was
a powerful framework to develop solutions on hybrid control for complex
VAD architectures.
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Optimization of a Small Scale, PDMS Microfluidic Artificial Lung
L. J. Ma, A. J. Thompson, J. A. Potkay. Research, VA Ann Arbor Healthcare
System, Ann Arbor, MI.
Study: Microfabrication has been investigated as a means to construct
artificial lungs with improved gas exchange, portability, and biocompatibility compared to current hollow fiber technologies. Our group and
others have demonstrated microfluidic artificial lungs (µALs) with record
gas exchange efficiency, blood flow networks that mimic the natural
cellular environment, surface coatings to improve blood compatibility,
and technologies to scale µALs toward clinical application. However, a
comprehensive design optimization procedure for these devices has not
yet been presented.
Methods: µALs studied were assumed to be constructed using standard
soft lithography techniques and contained 15 μm thick polydimethyl
siloxane (PDMS) gas exchange membranes (Fig 1). Blood flow conduits
consisted of distribution channels and artificial capillaries. Optimization
was performed in Microsoft Excel using proven equations. Total design
area was 150 mm. Width to length ratio of the blood flow channels was
4:1, the maximum achievable without collapse. Distance between capillaries was equal to the capillary width (max 50 µm) to ensure bonding.
Capillary pressure drop was 10 mmHg. Oxygen was the sweep gas. Blood
distribution channel dimensions were calculated with Murray’s law (max
height 250 µm). Artificial capillary height was varied between 10 and 100
µm and relevant parameters were calculated.

Results: Fig 2 displays the design optimization results. Capillary height
was set to 30 µm in our final design resulting in: rated flow (QR) of 23 mL/
min; pressure drop (ΔP) of 31 mmHg; gas exchange surface area (SA) of
35 cm2; total blood contacting surface area of 106 cm2; total blood volume
of 0.50 mL. The rated flow of 23 mL/min is largest rated flow for a single,
non-stacked microfluidic lung to date. The design, which consists of 9480
artificial capillaries (orange, Fig 3) and distribution channels (green, Fig 3),
has been laid out in CAD (Fig 3). We expect to have in vitro pressure drop
and gas exchange data for the conference.
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Low Shear and Thromboresistance in the Synchronous Pulsatile Adult
and Pediatric TORVAD
J. R. Gohean,1 E. R. Larson,1 R. G. Longoria,2 M. Kurusz,1 C. R. Bartoli,3
S. Hennessy-Strahs,3 R. W. Smalling.4 1Windmill Cardiovascular Systems,
Inc., Austin, TX; 2Department of Mechanical Engineering, The University
of Texas at Austin, Austin, TX; 3Division of Cardiovascular Surgery,
Hospital of the University of Pennsylvania, Philadelphia, PA; 4Department
of Internal Medicine, University of Texas - Health Science Center Houston,
Houston, TX.

Metabolites Associated with Improved Survival in Alcoholic Hepatitis
Patients are Enriched in ELAD-treated Subjects
L. K. Landeen,1 J. Lapetoda,1 A. Al-Khafaji,2 L. Stein,3 L. Teperman,4
T. Adhami,5 N. Shah,6 A. Duarte-Rojo,7 R. Malik,8 P. W. Bedard.1
1
Vital Therapies, Inc., San Diego, CA; 2University of Pittsburgh Medical
Center, Pittsburgh, PA; 3Piedmont Atlanta Hospital, Atlanta, GA; 4New York
University, New York, NY; 5Cleveland Clinic Foundation, Beachwood, OH;
6
Rush University Medical Center, Chicago, IL; 7University of Arkansas for
Medical Sciences, Little Rock, AR; 8Beth Israel Deaconess Medical Center,
Boston, MA.

Study: The TORVAD is a positive-displacement ventricular assist device
that synchronizes with the cardiac cycle to deliver full support to a failing heart with either a 30 ml (adult) or 15-ml (pediatric) counterpulse
ejection. Pumping is achieved by rotating two pistons within a toroidal
chamber on ceramic hydrodynamic bearings. The design achieves lowshear pumping by virtue of controlled gaps and low rotational speeds
(60–140 rpm). The adult device has undergone chronic animal experiments and the initial prototype of the pediatric device has undergone
bench top and acute animal testing. Previous chronic animal studies with
the adult pump revealed a problematic seam that produced thrombus.
Additional chronic animal studies were performed to assess the performance of the TORVAD with the seam corrected by laser welding.
Methods: Two sheep were implanted with laser-welded adult devices for
a target study duration of two months. Anticoagulation was discontinued
on postoperative day (POD) 1. Blood samples were taken throughout the
study for assessment of hemolysis and von Willebrand Factor (vWF) multimeric analysis. Densitometry analysis was used to quantify high and low
molecular weight vWF multimers with respect to baseline values.
Results: The first animal was euthanized on POD 3 for non-device
related complications. The second animal reached the study endpoint.
At necropsy the pump was carefully disassembled and inspected and
showed no sign of thrombus, most notably in the region of the previously
problematic pump seam. Hemolysis remained low throughout the study
with a mean value of 4.1 ± 2.0 mg/dl. High and low molecular weight vWF
returned to baseline levels by POD 28 following an initial period of operative trauma. These results reaffirm low-shear pumping as seen in previous
benchtop and chronic animal experiments and validates that laser-welding the pump seam eliminates thrombus formation in the TORVAD.

Study: Metabolomics shows promise in identifying potential prognostic
disease biomarkers and was performed on severe alcoholic hepatitis
(sAH) subjects’ plasma samples to identify potential biomarkers suggesting clinical benefit due to the ELAD System, an investigational human
hepatic cell-based liver treatment.
Methods: Plasma and/or plasma ultrafiltrate (UF) samples from 16 subjects surviving ≥91 d (ELAD VTI-208 clinical study; 8 controls, 8 treated)
were retrospectively analyzed by global, unbiased metabolomics profiling.
In vitro cell-based studies exposed primary human hepatocytes (PHH) and
endothelial cells (EC) to oxidative stress-inducing factors ± ELAD C3A cell
cartridges conditioned media (CM) and measured intracellular levels of
glutathione.
Results: Biochemical targets in plasma UF changed within 24 h on ELAD
treatment, consistent with active VTL C3A cell metabolism. ELAD-treated
subjects’ plasma was enriched in metabolites of o-cresol sulfate (suggesting improved liver detoxifying function) and glutathione metabolism
(suggesting anti-oxidative function). Co-treatment of PHH or EC with ELAD
CM during challenge with known oxidative stress inducers (e.g. alcohol
and H2O2) resulted in higher molar intracellular ratios of reduced:oxidized
glutathione. Enriched metabolites associated with improved survival in
sAH subjects (e.g. 3-OH-isobutyrate and N1-methyladenosine) were also
enriched in the ELAD-treated subjects. Aromatic amino acids (e.g. phenylalanine and tyrosine), which can increase in sAH subjects due to systemic
inflammation, were reduced in the ELAD-treated group. Metabolomics
profiling of ELAD subject samples revealed several metabolites/biomolecules that are associated with less severe disease. Cell-based experiments
further identified that increasing reduced glutathione intracellular reservoirs may be a contributing mechanism to potential treatment benefit.
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Drag-reducing Polymers for the Shunting of Rigid Erythrocytes
Past Microvessel Bifurcations: a Potential Treatment for Sickle Cell
Disease (SCD)
D. Crompton, S. Gudla, M. Jimenez, P. Sundd, M. V.
Kameneva. Bioengineering, University of Pittsburgh, Pittsburgh, PA.

Formation of Aggregates in Perfluorocarbon Emulsions When These are
Diluted with Plasma Expanders
A. Castilla,1 Y. M. Luengas,2 B. C. Juan,2 O. A. Alvarez.1 1Chemical
Engineering, Universidad de los Andes, Bogotá, COLOMBIA; 2Biomedical
Engineering, Universidad de los Andes, Bogotá, COLOMBIA.

Study: Sickle cell disease (SCD) is a monogenetic blood disorder,
which affects over 100,000 patients in the United States. SCD involves
pathogenic polymerization of deoxygenated hemoglobin (Hb) leading
to sickling of red blood cells (RBCs). Sickled RBCs have reduced deformability and higher affinity to adhere to endothelial cells, leukocytes and
platelets, resulting in blood vessel occlusion (vaso-occlusion) and acute
painful vaso-occlusive crisis (VOC). Healthy blood flow in microvessels of
diameter below ~300 um demonstrates the Fåhraeus effect, which is a
phenomenon involving the radial migration of deformable RBCs to the
center of the vessel, leaving non-deformable sickle RBCs closer to the
vessel wall. This differential migration enables sickle RBCS to enter and
occlude the smallest arterioles and capillaries.
Methods: Drag reducing polymers (DRPs) are a unique class of high
molecular weight blood-soluble molecules which have been shown to
inhibit the radial migration of deformable RBCs, leading to their even
distribution along the vessel wall and attenuation of the cell free layer
(CFL). Healthy RBCs were used to validate the presence of the CFL within
bifurcating PDMS microchannels of dimensions 200 to 100 um (width) x
50 um (height) at flow rates at and below 0.1 mL/min. Next, heat treated
rigidified RBCs as a model of sickle RBCs were used in healthy/rigid RBC
mixtures. Effluent from daughter and parent flow channels were analyzed
for deformability on a shearing microscope stage (Linkam Scientific,
Tadworth, UK). ImageJ and MATLAB analysis were used to determine the
proportions of healthy or rigid cells passing through each type of flow
channel.
Results: Preliminary findings suggest that the introduction of 10 ppm DRP
increased the number of healthy RBCs passing into the daughter channel
as compared to trials with no DRP added. If future tests confirm these
results, DRPs could be considered for potential treatment of VOC in SCD.

Study: Our group has been working on developing a perfluorocarbon
emulsion (PFCE) to restore the lost blood volume and oxygen carrying
capacity in case of hemorrhagic shock. One of the problems with these
emulsions is the formation of aggregates. The aim of this study is to
determine is the components that generate aggregation.
Methods: Experimentation consisted of three phases: 1) the PFCE
was diluted in Hydroxyethyl starch (HES); 2) the PFCE was analyzed in
a mixture with different concentrations of electrolytes, chlorine (Cl-),
phosphate (PO43-), potassium (K+) and sodium (Na+); and 3) the interaction
of the PFCE and its components with bovine serum albumin (BSA) and
human serum albumin (HSA) was evaluated.
Results: The PFCE did not exceed a Dv.90 of 0.5μm, pH was 6.9 and viscosity was 2.29 cP, indicating compatibility with blood. In the first phase
it was established that high concentrations of HES promote a mayor
aggregation, this behavior was attributed to the amount of electrolytes.
In the second phase, it was determined that the charge of the electrolyte
affects the stability of the PFCE; causing coagulation and an increase in
the particle size. Lastly, differences in the behavior of the emulsion in the
presence of BSA and HSA were observed, with HSA generating aggregation. In addition, HSA in interaction with lecithin of the PFCE also generated clots in the solution.
In conclusion, the results showed that HSA generates agglomerations in
the PFCE independently of electrolytes presence. It was also evidenced
that structural differences in HSA generate the interactions with the
stabilizing agent lecithin in the PFCE. Also, the ionic charge interacts with
the surfactant generating a coagulation process in the emulsion. Going
forward, we will be analyzing blood’s behavior with different PFCE’s
dilutions.
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A Bicameral Pump for Sustained Moderate Flow Extracorporeal
Circulation
I. Akpan,1 A. Han,2 J. Liang,2 Z. Liu,2 L. A. Ramsey,2 R. J. vonGutfeld,1
E. F. Leonard.2 1Chemical Engineering, Columbia University, New York, NY;
2
Chemical and Biomedical Engineering, Columbia University, New York, NY.

Design and Development of a Hybrid Mock Circulation Loop for
Hardware-in-the-loop Validation of Ventricular Assist Devices
E. Rapp,1 D. Orji,1 J. Gohean,2 E. Larson,2 M. Kuruz,2 R. Smalling,3
R. Longoria.1 1The University of Texas at Austin, Austin, TX; 2Windmill
Cardiovascular Systems, Inc., Austin, TX; 3UTHealth-Houston, Austin, TX.

Study: The bicameral, valved Loughnane pump, US Patent 5,577,891,
originally developed for use in infusion systems, was studied as an
alternative to peristaltic pumps in extracorporeal perfusion systems. The
pump embodies a design that allows the rebound upon emptying of one
chamber to aid compression of the other chamber, reducing a principal
inefficiency of peristaltic pumps. The design also reduces variations in
flow associated with tube movement and fatigue in peristaltic pumps.
Methods: Here we report a preliminary engineering study intended to
optimize the system for our intended application: ultrafiltration of water
from blood through a small hollow fiber cartridge distal to the pump,
extracting 1 ml/min from a blood flow of 35 ml/min. Tubing material
and volume, operating cycle and selection of the four commercial leaflet
check valves that the pump requires were evaluated in terms of longterm, unattended flow stability, power consumption, fibrin formation, and
hemolysis using recalcified, outdated banked human blood.
Results: The data demonstrate feasibility of the bicameral configuration
with respect to blood handling, flow stability, and reduced power consumption; a final pump design has not yet been achieved.

Study: Mock circulatory loops (MCLs) provide an in vitro benchtop test
environment for evaluating ventricular assist devices (VADs). Purely
hydraulic MCLs have limited control of component characteristics, especially for assessing how a VAD may operate over a broad range of patient
sizes, degrees of cardiovascular disease, and activity levels. In contrast, a
hybrid MCL applies pressure loading to each port of an LVAD with hydraulic conditions that are precisely controlled by a real-time computer model
of the cardiovascular system (CVS) (see Figure 1). In this way, VAD performance can be assessed over a wide range of hemodynamic conditions.
Further, critical cardiac events common in patients with heart failure,
such as arrhythmias, can be simulated to evaluate the effectiveness and
robust behavior of the VAD and its control algorithms. The model-based
design and development of the hardware and software of a hybrid MCL
are described, and preliminary experimental results from testing with the
adult and pediatric TORVAD systems are presented.
Methods: A computational model of the human CVS is used to design and
select key components of the MCL, most notably the two pressure generating interfaces (PGIs) at the VAD inflow and outflow. Simulations of the
feedback-controlled PGIs in combination with a recirculating pump and a
TORVAD are used to finalize the system design. Preliminary experimental
testing has confirmed the pressure-tracking capability of the PGIs, which
is critical for robust system performance.
Results: Simulations of the complete hybrid MCL indicate that the proposed design can track left-ventricular and aortic pressure as prescribed
by the CVS model. Preliminary dynamic pressure tracking results (Figure 2) validate the design and more extensive test results with complete
system will be presented.

37

MAT

ASAIO BIOENGINEERING ABSTRACTS
MAT

269

270

Stability of PEG and Zwitterionic Surface Modifications on PDMS PDMS
T. J. Plegue,1 K. Kovach,2 A. J. Thompson,1 J. A. Potkay.1 1VA Ann
Arbor Healthcare System, Ann Arbor, MI; 2Department of Biomedical
Engineering, Case Western Reserve University, Cleveland, OH.

Mechanical and Rheological Characterization of RBCs Following
Hemoglobin Replacement for Potential Treatment of Sickle Cell Disease
L. A. Ziegler,1 K. B. Zougari,2 J. H. Waters,3 M. V. Kameneva.1 1McGowan
Institute for Regenerative Medicine, Pittsburgh, PA; 2Department of
Bioengineering, University of Pittsburgh, Pittsburgh, PA; 3Department of
Anesthesia, University of Pittsburgh, Pittsburgh, PA.

Study: Blood-material interactions are crucial to the lifetime and safety
of blood contacting medical devices. Hydrophilic coatings have been
employed to improve device lifetime, but data directly comparing
multiple coatings and testing under physiologic flow are lacking. Here,
we investigate the stability of polyethylene glycol (PEG), zwitterionic sulfobetaine silane (SBSi), and zwitterionic polyethylene glycol (ZPEG) grafted
by sequential flow chemistry on polydimethylsiloxane (PDMS) under
ambient and dynamic flow conditions.
Methods: Coated flow chambers were created by oxygen plasma bonding
two pieces of molded PDMS then flowing a siloxy based molecule over
surface. For the SBSi and ZPEG coatings, sequential reactions followed
with secondary reagents. After coating, ambient samples were cut open
and advancing contact angle was measured every 1–2 days for 7 days.
Flow samples were exposed to ambient for 7 days, subjected to either
venous (100 s-1) or arterial shear rates of (650 s-1), and then the contact
angles were measured after 7 days. X-ray photon spectroscopy (XPS)
confirmed the success of the coating procedure.
Results: The initial contact angles of the three coatings ranged from 6–9°.
After 7 days in ambient, the SBSi, PEG, and ZPEG samples had a contact
angle of 25.7 ± 2.0°, 41.0 ± 3.4°, and 50.0 ± 3.0°, respectively. PEG-coated
samples subjected to 7 days of flow exhibited contact angles (venous:
66.6 ± 2.5°; arterial: 62.0 ± 1.4°, p=0.03) significantly greater than those
at ambient conditions (41.0 ± 3.4°)(n=3). XPS data (Table 1) confirmed the
presence of the coatings on PDMS. Additional tests are underway for all
coatings and conditions, with an additional static PBS test, over longer
periods of time.

Study: Sickle cell disease (SCD) results from the production of pathological hemoglobin (HbS) that is susceptible to polymerization under
low-oxygen conditions. Following polymerization of intracellular HbS, red
blood cells (RBCs) rigidify and adopt distorted morphology, facilitating
vaso-occlusion, tissue hypoxia, and other painful complications. We have
developed a method of replacing an RBC’s intracellular hemoglobin with
healthy donor hemoglobin as a potential treatment for SCD. This study
examines the mechanical and rheological properties of modified RBCs
(mRBCs) following the hemoglobin replacement procedure.
Methods: Ongoing experiments are using healthy bovine RBCs for
proof-of concept. Removal of endogenous hemoglobin was achieved by
an osmotic pressure gradient, and replacement with exogenous donor
hemoglobin was completed by a specific combination of osmotic and
oncotic pressure gradients. mRBC deformability was analyzed by Linkam
shearing device, viscosity was measured using Brookfield cone and plate
viscometer, and mechanical fragility determined using the rocker bead
test.
Results: Currently, following hemoglobin replacement, mRBCs contain
an intracellular hemoglobin concentration ~30% of that in native RBCs.
Under shear stress (15 Pa), mRBCs display normal deformability as compared to unmodified RBCs (Fig. 1). mRBC suspension is non-Newtonian,
with a shear-thinning viscosity curve similar to that of unmodified RBCs.
Preliminary results support our hypothesis on using healthy donor hemoglobin for regeneration of HbS containing RBCs, producing mRBCs that do
not induce post-transfusion alloimmunization.
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Target-specific Electrospinning: a Novel Means of Creating Designer
Fibrous Constructs
D. E. Palomares, J. J. Perez, A. Barreda, A. Russell-Cheung, A. Gomez,
K. Ammann, P. L. Tran, M. J. Slepian. Sarver Heart Center, The University
of Arizona, Tucson, AZ.

Inventive Knowledge Flow in Medical Technology Development: Patent
or Publish?
M. V. DiCaro,1 M. J. Slepian,2 J. Dudas.3 1College of Medicine, The
University of Arizona, Tucson, AZ; 2Biomedical Engineering, The University
of Arizona, Tucson, AZ; 3Senior Vice President and Secretary of the
University, The University of Arizona, Tucson, AZ.

Study: Electrospinning is a valuable polymer processing method, with
implant, tissue repair and drug delivery applications. Present spinning
methods remain limited by virtue of non-specific, random fiber generation. We developed a novel method of specific fiber pattern generation
utilizing targeted collectors. A series of conductive plate collectors were
fabricated with defined geometric designs. Here we assessed the efficacy
of “designer target” spinning vs random conventional spinning, as to
coverage and material properties generated.
Methods: Six targets were designed and etched onto copper. 250 μL of
poly(lactic-co-glycolic acid) (PLGA) solution in dichloromethane (DCM)
(0.075 g PLGA/mL DCM) was pumped at a fixed rate of 2.5 mL/hr, with
target distance of 15 cm. A standard electrospinning system (12kV and 23
gauge needle) with novel targets was utilized. Collectors were plasticwrapped to facilitate fiber removal from designed collector. Spun microfibers were characterized to coverage area and tensile strength. Coverage
area was determined by measuring fiber-covered regions as % of total
target area. Tensile strength was determined via dynamic mechanical
analysis.
Results: All designs were successfully transposed and etched on a circuit
board. The coverage area for each target tested showed significant differences between designs, ranging from 72 to 100% coverage. The tensile
strength of each fiber design was found to provide a distinct compliance,
compared to that of an unaltered collector (p < 0.05). Electrospinning of
materials towards novel geometric design collectors allows fabrication
of fibrous polymer constructs with a range of geometries and material
properties, beyond that of random fiber generation.

Study: Advancement of medical technologies is accomplished by iteration
and improvement of existing “inventive knowledge.” Novel discoveries are
published in academic journals available to inventive researchers. Additionally, intellectual property regimes generate knowledge. The Patent
and Trademark Office publishes patents, which serve as another source
of inventive knowledge. This study explores the origins and progressions
of inventive knowledge associated with the 100 most impactful medical
technologies of the 21st century, between and within the academic vs
intellectual property domains. For each technology we pinpoint the preceding inventive knowledge and track its dissemination and derivations
using data-driven algorithms.
Methods: 11 medically-relevant patent classes were chosen from the
International Patent Classification system. 1000 top-cited patents were
filtered for societal impact using the Derwent Innovation Index. Preceding
and derivative patents, dissemination of the technology, and practical
usability were considered. AcclaimIP was used to generate 10 keyword
strings specific to each technology. The inventor(s), assignee, invention
topic, and identifying keyword strings were used to algorithmically search
the academic literature for publications related to the technology. The
Web of Science was used for literature searches.
Results: 72% of the most impactful technologies/devices originated first
as intellectual property. Of these, 45% were classified as cardiopulmonary
devices, and 90% led to at least 120 derivative publications and patents.
The remaining 28% of technologies were predicated on knowledge
first originating in published academic works. These findings encourage researchers to utilize both the intellectual property and academic
domains of knowledge in the design of novel research studies and for the
development of practical medical technologies.
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Susceptibility to G-load and Tilting Movement of CH-VAD Fully
Magnetically Suspended Blood Pump
C. Chen,1 Y. Ma,1 C. Yin,2 F. Lin.3 1CH Biomedical Inc, Suzhou Industrial
Park, CHINA; 2Soochow University, Suzhou, CHINA; 3CH Biomedical Inc,
Torrance, CA.

Material Hemocompatibility Testing for Improved Blood-contacting
Device Design
P. A. Coghill,1 Z. Azartash-Namin,1 J. R. Stanfield,1 S. Ye,2 W. R. Wagner,2
T. A. Snyder,1 J. W. Long.3 1VADovations, Oklahoma City, OK; 2University
of Pittsburgh, Pittsburgh, PA; 3Integris Baptist Medical Center, Oklahoma
City, OK.

Study: The CH-VAD was designed to minimize pump size without compromising blood compatibility, suspension stiffness, system efficiency, etc. A
pump of 49 mm in diameter with 26 mm in thickness was accomplished.
The suspension was specified to withstand vibration and tilting movement of the pump, likely to be experienced in patients having an active
life style. Shock and vibration have been adequately measured by translational accelerations of a pump, or the so-called g-load. However, less was
found in literature regarding evaluation of the tilting effects, which are
obviously associated with the gyroscopic effect and thus depend on the
angular speed of tilt. In this study, we verified the CH-VAD design in terms
of the g-load capability and tilting speed tolerance.
Methods: The g-load tests utilized a shaker table that applied vibration
and shock on the pump in five directions—one axial (the spinning axis of
the impeller) and four radial (evenly distributed circumferentially). The
tilting tests utilized a purpose-made rotational stage that turns the pump
reciprocatedly about the radial axes. The pump operated at 3800 rpm, the
highest speed for continuous operation.
Results: No touch-down was detected either for sinusoidal vibration
with peak acceleration of 10 times of gravity at frequencies ranging from
10 Hz to 100 Hz, or for pulsed half sinusoidal acceleration with 11 ms
pulse width (shock) with a magnitude of 15 times of gravity. Also, no
touch-down was detected for sinusoidal variation of tilting speed with a
magnitude of 16 rad/s. This verifies that the CH-VAD magnetic suspension
is capable of allowing for high strength physical activities such as running,
riding, and playing baseball.

MAT

Study: Optimum VAD hemocompatibility requires attention both to blood
flow patterns and blood-materials interactions. Herein, we describe the
characterization, classification and performance of antithrombotic coatings, polymers, ceramics and other materials.
Methods: Materials tested included polyether ether ketone (PEEK), polyimide, PTFE, polyoxymethylene (POM), polysulfone, zirconia-toughened
alumina (ZTA), parylene, sapphire, yttria-stabilized zirconia (YZTP) and
titanium (Ti6Al4V) +/- titanium nitride coating. These materials were incubated in blood (heparinized, recalcified) and rocked at 1Hz for 2 hours.
Thrombin generation (contact pathway activation) and Platelet adhesion assays were performed. Materials were classified as: (I) low contact
pathway activation and platelet adhesiveness, (II) high contact pathway
activation, low platelet adhesiveness, (III) low contact pathway activation,
high platelet adhesiveness and (IV) high contact pathway activation and
platelet adhesiveness.
Results: Materials with acceptable hemocompatibility profiles and
required material properties were selected for use in a novel miniature
continuous flow VAD. VADs implanted in sheep for up to 3 months with
no anticoagulation demonstrated no evidence of thrombosis or pump
thromboembolism at necropsy. Of importance, even in those few regions
in the pump flow path considered most vulnerable for thrombogenesis,
there was no evidence of thrombosis. Further, assays of circulating blood
biomarkers predictive of thrombosis returned to pre-operative baseline
within 2 weeks post-implant. This experience has reinforced our belief
that even with VAD designs achieving optimum blood flow properties,
the delivery of exceptional hemocompatibility, sufficient to meet current
expectations of freedom from adverse events, demands painstaking
attention to selecting materials and coatings identified by rigorous bloodsurface interaction testing.

283
A Novel VAD Platform Configured for Right Heart Mechanical Circulatory
Support
J. Stanfield,1 T. A. Snyder,2 R. Wampler,3 J. W. Long, 731122; 1Mechanical
Engineering, University of Utah, Salt Lake City, UT; 2INTEGRIS Health,
Oklahoma City, OK; 3Oregon Health Sciences University, Roseville, CA.
Study: To date, no implantable, durable Right Ventricular Assist Devices
(RVADs) exist in the clinical marketplace. We report on the ongoing
development of a miniaturized, implantable VAD platform addressing
challenges unique to right-sided support, incorporating a core blood
pump designed for affordability and hemocompatibility.
Methods: The blood flow path of the miniaturized pump includes a rotating impeller, vaned diffuser, and unique radial inlet configuration within a
7mm hydraulic diameter. IACUC-approved animal studies are carried out
with the RVAD configuration implanted in acute and chronic ovine models
(50–80 kg) with the pump in the RV outflow tract (RVOT) and the outflow
anastomosed to the pulmonary artery (PA). Flow rate is measured at the
pump outflow and at the PA to assess total system flow. Studies are carried out to test the anatomic fit, biocompatibility of tissue interface, and
hemocompatibility of pump-blood interaction.
Results: In vitro testing confirmed hemodynamic performance across a
wide range of conditions representing clinical configurations. Anatomic
positioning, hemocompatibility, and hydrodynamic performance of the
implantable RVAD were tested in over twenty (20) acute and chronic
ovine studies. Acute studies were <2 days, with chronic duration up to
3 months in continuous operation. In vivo plasma free hemoglobin was
<5 mg/dL, and von Willebrand factor remained at baseline. While tests
are ongoing, the first implantable RVAD may be nearing clinical use.
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Additive Manufacturing as a Development Tool for a Rotary Blood Pump
J. Stanfield,1 M. A. Vladovich,2 T. A. Snyder.3 1Mechanical Engineering,
University of Utah, Salt Lake City, UT; 2VADovations, Oklahoma City, OK;
3
INTEGRIS Health, Oklahoma City, OK.

Development of a Miniaturized Heart Assist Device with
Interchangeable Hydraulics of a Miniaturized Heart Assist Device with
Interchangeable Hydraulics
J. Stanfield,1 M. A. Vladovich,2 R. Wampler,3 A. Larkey,4 T. Snyder,5
J. W. Long.5 1Mechanical Engineering, University of Utah, Salt Lake
City, UT; 2VADovations, Oklahoma City, OK; 3Oregon Health Sciences
University, Roseville, CA; 4VADovations, Roseville, CA; 5INTEGRIS Health,
Oklahoma City, OK.

Study: With the increased acceptability of RBPs, the desire for alternative
implant locations and widening of the potential patient population has
become more apparent. A major limiting factor in designing hydraulics
is the development time required from concept in a computer-aided
design software package to having physical parts for in vitro testing.
With advancements in additive manufacturing (AM) methods, including
materials and accuracy, it has become an attractive option for quickly
testing validity of designs. While there are a number of concerns for an
implantable RBP, such as hemocompatibility, the initial feasibility decision
is based on the device hydrodynamic performance.
Methods: The miniaturized pump includes a vaned diffuser, rotating
impeller and a radial inlet within a 7mm diameter. The diffuser and
impeller were designed to be removable and interchangeable as required
by the application. The bearing of the pump prototypes was machined
using traditional methods, while the blade geometries were created using
additive manufacturing. AM blades were tested against existing hydraulic
geometries created by traditional methods to evaluate the feasibility of
using AM as an initial step in the design process.
Results: AM parts were measured within 0.0001–0.0010” of their
equivalent traditionally-manufactured parts at all relevant gap locations.
Traditionally-machined hydraulics at 20k RPM generated 4 L/min flow
at 35 mmHg differential pressure. AM hydraulics produced the same
flowrate and pressure differential at 20k RPM. Over a range of 3 speeds
(16k-20k RPM) and a full HQ curve with samples at 0.5 LPM increments,
the maximum difference in pressure differential between rapid prototype
parts and machined components was 9.7% with an average difference of 5.3%. This shows that within the normal operating range of the
miniaturized pump, the AM components perform as an acceptable initial
feasibility test.

Study: While Rotary Blood Pumps (RBPs) are traditionally used as Left
Ventricle Assist Devices (LVADs), increasing patient population and desirable implant locations of assist devices requires an increased performance range of devices. Devices run at suboptimal speeds can lead to
suboptimal hemodynamic performance and diminish patient outcomes.
We report on a miniaturized device with interchangeable hydraulics
designed to meet the specific needs of a diverse patient population.
Methods: The miniaturized pump includes a vaned stator and rotating
impeller within a 7mm diameter internal flow path. While the overall
device size broadens potential implant locations due to anatomical fit, the
diffuser and impeller were designed to be removable. The hydrodynamic
bearing receives lubrication via a secondary flow path separated from
the primary flow path of the hydraulics and remains the same across the
range of rotors. The bearing design was created to handle the varying
forces created by the different hydraulic layouts.
Results: The interchangeable impeller designs have been successfully
used in multiple animal models. These animal models have included
chronic and acute implant locations in the right ventricle, left ventricle,
and right atrium as well as pediatric and adult models. Three different
hydraulic blade geometries have been used in the studies, dependent on
flow and pressure requirements. The bearing layout remaining constant
allows for some information from each study to be used to inform future
studies in different implant locations and with differing blade geometries.
Since the majority of blood damage occurs in the high shear bearing area,
hemolysis performance is consistent across the range of hydraulic layouts.
Average in vitro hemolysis was .4 g/day, and in vivo plasma free hemoglobin was less than 5 mg/dL.
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Infectious Adverse Events Associated with Durable Mechanical
Circulatory Support Devices, a Ubiquitous Achilles’ Heel
J. C. Mendez, J. Jacob, T. Sam, K. Mathews-Cox, T. Chamogeorgakis,
A. S. Bindra, S. A. Hall, G. V. Gonzalez-Stawinski. Advanced Heart Failure,
Heart Transplant & MCS Program, Baylor University Medical Center Dallas, Dallas, TX.

Readmission Rates in African-Americans Patients Supported with Left
Ventricular Assist Devices (LVADs) After Hemodynamic Unloading
D. M. Tehrani,1 N. Sarswat,1 S. Adatya,1 A. Vohra,1 J. Raikhelkar,1
G. H. Kim,1 D. Rodgers,1 T. Song,1 T. Ota,1 V. Jeevanandam,1 G. Sayer,1
D. Burkhoff,2 N. Uriel.1 1University of Chicago Medicine, Chicago, IL;
2
Heartware International Inc., Framingham, MA.

Study: Durable mechanical circulatory support devices, (d-MCS) extend
and improve quality of life in appropriately selected patients with chronic
systolic heart failure. However, current d-MCS technology is associated
with tangible adverse events (AE) that convey substantial morbidity and
mortality, and dissuade from liberal d-MCS utilization. Therefore, we
sought out to examine our Programmatic AE experience beginning with
infectious complications.
Methods: We retrospectively reviewed our records from January 2013
through July 2015 and identified 87 d-MCS implants. The cohort was
predominately male 67 (77%), mean age 57.5 years (range 19 to 81), Caucasian 67 (77%), or African-American 18 (21%), diabetic 41 (47%), obese
38 (44%), redo sternotomy 44 (51%), and 79 (91%) received HMII-LVAS.

Study: Prior studies have suggested no difference in clinical outcomes
between AA and non-AA with LVADs. This study aims to evaluate the
effect of hemodynamic optimization on readmission rates for AA patients.
Methods: In this prospective study, consecutive patients undergoing
hemodynamic ramp testing were enrolled. Data was collected at baseline
and incremental speed changes during ramp testing. Demographics, as
well as hemodynamic characteristics were compared between AA and
non-AA patients. Readmission rates were reported per patient-years of
follow-up and compared with the Wilcoxon Rank Sum test. Additional
readmission rate stratification was done based on post-ramp optimal filling pressures (defined as CVP ≤12 and PCWP ≤18 mmHg).
Results: Among 65 patients, 26 (40.0%) identified AA patients had no
significant difference in LVAD type or baseline hemodynamic characteristics, but improved cardiac output and reduction in left ventricular
end-diastolic during ramp testing as compared to non-AA (Table). Over a
mean follow-up of 353 ± 168 days, AA patients had higher rates of total
readmissions (2.62 ± 2.09 vs 1.66 ± 1.56 admissions/patient-year, p=0.03),
but not heart failure readmissions (0.40 ± 0.99 vs 0.36 ± 0.24 admissions/ patient-year, p=0.49) as compared to the non-AA group (Figure).
When comparing those in the AA group with optimal post-ramp filling
pressures (N=17) to those without (N=9), there was a reduction in heart
failure readmission (0.21 ± 0.43 vs 0.77 ± 1.52 admissions/patient-year,
p=0.56) that did not reach statistical significance. AA and non-AA patients
who achieved optimal filling pressures had similar rates of heart failure
readmissions (0.21 ± 0.43 vs 0.23 ± 0.90 admissions/patient-year, p=0.51).
In conclusion, AA patients had a higher rate of all cause readmissions than
non-AA patients. However, hemodynamic optimization reduced heart
failure readmissions among AA patients to a similar degree as non-AA
patients.
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Design Consideration of EVAHEART®2 LVAD Inflow Cannula
T. Motomura,1 R. Benkowski,2 E. Tuzun,3 K. Bonugli,3 B. Kelly,1
E. Zebrowski,1 C. Schmidt-Mewes,1 M. Tomoda,1 K. Yamazaki,4
S. Kobayashi,5 H. Kanebako,5 N. Miyajima,5 E. Tatsumi,6 Y. Takewa,6
T. Mizuno.6 1Evaheart, Inc., Houston, TX; 2DesginPlex Biomedical,
FortWorth, TX; 3Texas A&M Institute for Preclinical Studies, College
Station, TX; 4Tokyo Weme’s Medical University, Tokyo, JAPAN;
5
Sun Medical Technology Research Corp, Suwa, JAPAN; 6National Cerebral
Cardiovascualr Center, Suita, Osaka, JAPAN.

Weight Loss in Patients with Left Ventricular Assist Device Positioned
Above or Below the Diaphragm for Patients with Severe Heart-Failure:
Does it Make a Difference?
D. H. Chang, M. Kittleson, J. Patel, T. Aintablian, R. Levine, N. Huie,
E. Kransdorf, D. Geft, L. Czer, J. A. Kobashigawa, F. Arabia,
J. Moriguchi. Cedars-Sinai Heart Institute, Los Angeles, CA.

MAT

Study: The older HeartMate XVE device was bulky and was placed
below the diaphragm, which caused pressure on the stomach and led to
decrease in appetite and weight loss. The continuous flow devices can
be placed either above or below the diaphragm depending on the type
of device and the size of the patients. It has not been firmly established
whether continuous flow devices placed below the diaphragm also leads
to weight loss.
Methods: Between 2010 and 2015 we assessed 60 patients with severe
heart failure who were supported with left ventricular assist devices
(LVAD). These devices were divided into those placed above the diaphragm
(HeartWare HVAD) and those below the diaphragm (HeartMate II).
Endpoints included 6-month change in weight from time of LVAD placement to 6-months later. Complications of gastrointestinal bleed, stroke,
liver dysfunction, infection, and device malfunction were monitored for 6
months post-implant.
Results: Those patients with a LVAD placed below the diaphragm had
similar change in weight compared to those with LVADs placed above the
diaphragm. There was no significant difference between the 2 groups in
gastrointestinal bleed, stroke, liver dysfunction, infection or mechanical
complications.
Weight gain/loss after continuous flow VAD placement does not appear
to be associated with below the diaphragm or above the diaphragm
placement.

Study: Despite the advancement of current continuous flow LVADs,
cerebrovascular events (strokes) remains a serious concern. The hazard
of early post-LVAD strokes peaks within 3 months, tapers down, and then
plateaus. The LVAD inflow cannula design, myocardium interface, and
intra ventricular positioning have been implicated as contributing sources
of emboli formation. To minimize the risk of stroke events, we developed
a Double-Cuff Tipless (DCT) inflow cannula that prevents protrusion into
the LV chamber and eliminates myocardial exposure in an effort to eliminate apical wedge thrombus.
Methods: Four prototypes were fabricated and tested with ex-vivo
porcine heart model for surgical feasibility and myocardial fitting. Total of
8 in vivo bovines were used to evaluate pre-clinical DCT inflow cannula
(2 acute, 3 mid-term, and 3 long-term). To evaluate the test article under
worst case condition, inflow angle was tilted 45 degrees toward the
ventricular septum (substantial malposition). Furthermore, heart failure
patient phantom model was fabricated based upon the adult heart failure
3D-computed tomography DICOM data, and the system (pump and cannula) anatomical fitting was evaluated.
Results: The Evaheart DCT inflow cannula accommodated various thicknesses of cored myocardium, demonstrating no protrusion of the inflow
tip osmium into the left ventricle. No myocardium cut edge was exposed
to the blood stream and the DCT was more forgiving against possible
inflow malpositioning compared to conventional cylinder-type inflow
tip. The surgical procedure was similar to aortic valve replacement with
cardiopulmonary bypass, thus easily implanted by general cardiothoracic
surgeons. In vivo experiments demonstrated appropriate pump flow
without ventricular/septum suction and maintained normal end-organ
functions. Necropsy study showed no stenosis of blood pathway, wedge
thrombus, or identified pannus formation. Evaheart DCT inflow cannula
appeared to be feasible thus moving forward to clinical implementation.

Endpoints

Below
Diaphragm
(n=39)

Above
Diaphragm
(n=21)

P-Value

Pre-Implant Weight, Mean ± SD
184.7 ± 50.1 194.5 ± 50.2 0.482
Month 6 Post-Implant Weight,
192.0 ± 52.9 194.5 ± 44.8 0.858
Mean ± SD
∆Weight (Pre-Implant to 6-Months +7.32 ± 18.27 -0.05 ± 21.24 0.178
Post-Implant), Mean ± SD
6-Month Freedom from Stroke
94.9%
81.0%
0.088
6-Month Freedom from Liver
100.0%
95.2%
0.169
Dysfunction
6-Month Freedom from Infection
51.3%
25.6%
0.096
6-Month Freedom from GI Bleed
84.6%
90.5%
0.498
6-Month Freedom from Other
66.7%
76.2%
0.505
Bleed
6-Month Freedom from Device
97.4%
85.7%
0.089
Malfunction
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Left Ventricular Assist Device Versus Total Artificial Heart: Do Patients
Report the Same Energy Level?
H. Barone, B. Coleman, H. Aranow, C. Runyan, J. Hajj, N. Huie, E. Passano,
L. Czer, J. A. Kobashigawa, J. Moriguchi, F. Arabia. Cedars-Sinai Heart
Institute, Los Angeles, CA.

Unplanned Readmissions 6 Months Post Discharge: Left Ventricular
Assist Device Versus Total Artificial Heart
N. Huie, H. Barone, C. Runyan, J. Hajj, R. Jocson, T. Aintablian, E. Passano,
L. Czer, J. A. Kobashigawa, J. Moriguchi, F. Arabia. Cedars-Sinai Heart
Institute, Los Angeles, CA.

Study: Treatment for Stage D end stage heart failure that is unresponsive
to medical management remains a pervasive medical problem. Patient’s
report of “no energy” is common in Class III -IV heart failure prior to
advanced treatment with a left ventricular assist device (LVAD) or total
artificial heart (TAH). We explored the impact of perceived energy level
on improved cardiac output after placement of mechanical circulatory
support (MCS).
Methods: A total of 27 MCS patients (n = 21 LVAD, n = 6 TAH) were
included in this single center descriptive study between April and August
2016. Reported energy level assessed by the Ferrans and Power Quality of
Life Index was compared with cardiac output from LVAD and TAH groups.
Descriptive analysis, group comparison using Mann-Whitney U explored
energy and cardiac output between device by groups.
Results: No difference was seen between groups on race, age, length of
support and education. Patients in both groups rated “having enough
energy for everyday activities” as important (LVAD = 90%; TAH = 83.3%).
However, TAH patients had higher cardiac output than LVAD and reported
a greater amount of energy (see table).
TAH devices, which provide biventricular support and greater cardiac output, appear to promote greater patient energy levels and meet patients’
energy expectations.

Study: Mechanical Circulatory Support (MCS) patients have a high incidence of unplanned readmissions (RAs) in the first 6 mths after implant
discharge. These RAs can differ greatly between patients implanted with
a Left Ventricular Assist Device (LVAD) compared to those with a Total
Artificial Heart (TAH). Outcomes can be measured by the number of
re-hospitalizations, the reasons for these RAs, and mean length of stay.
We sought to compare these groups by evaluating our MCS patient RAs 6
mths after the implant discharge.
Methods: Between 2013 and 2015, we evaluated 58 MCS patients who
were successfully discharged on support and stayed on support for at
least 6 mths. These patients were divided into those who were implanted
with a LVAD (n=35) versus a TAH (n=23). Unplanned RAs within 6-mths
post-discharge and the total number of unplanned RAs were assessed
between both groups. Reasons for readmission(RA) and the average hospital stay were further evaluated for patients readmitted within 6-mths
post-discharge.
Results: 68.6% (24/35) LVAD patients had at least one unplanned RA in
the first 6 mths post-discharge and a total of 43 unplanned RAs. Comparatively, 52.2% (12/23) TAH patients had at least 1 unplanned RA in the first
6 mths and a total of 29 RAs. The LVAD group had significantly higher RA
rates for any infection and anticoagulation adjustments compared to the
TAH patients. The TAH group had a significantly increased rate of RA for GI
disorder and a numerical trend for increased bleeding events compared
to LVAD (p=0.053). There was no significant difference between overall
rates for RA, total RA hospital stay, and RA for infection.
While re-hospitalization in the first 6 mths after implant is equally
prevalent in TAH and LVAD patients, RA for anticoagulation adjustments
was more prevalent in the LVAD patients. An outpatient anticoagulation
protocol using Lovenox as a bridge instead of heparin (which requires
hospitalization) may reduce this RA reason. Further studies are underway.

Device Type
Endpoints

TAH (n=6)

LVAD
(n=21)

P-value

Amount of Energy
you have everyday
activities, mean ± SD
Cardiac Output, mean

19.5 ± 16.5

12.4 ± 16.5

0.0300

6.55 l/m

4.76 l/m

<.0001
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ENDPOINTS: Patients
Discharged on Support

LVAD Patients TAH Patients
(N=35)
(N=23)
P-value

Any Unplanned Readmission
within 6 Months Post-Discharge
Total Number of Unplanned
Readmissions, Mean ± SD
ENDPOINTS: Patients with Any
Unplanned Readmission in the
First 6 Months
Total Readmission Hospital Days,
Mean ± SD
Readmission for Any Infection
Readmission for Any Bleeding
Readmission for Anticoagulation
Adjustments
Readmission for GI Disorders
Readmission for Other Reasons

68.6% (24/35) 52.2% (12/23) 0.208
1.23 ± 1.14

1.26 ± 1.84

0.941

LVAD Patients TAH Patients P-value
(N=43)
(N=29)
20.42 ± 26.87 28.92 ± 29.22 0.391
14.0% (6/43)
3.5% (1/29) 0.230
16.3% (7/43) 37.9% (11/29) 0.053
25.6% (11/43) 3.5% (1/29) 0.021
0.0% (0/43) 20.7% (6/29) 0.003
44.1% (19/43) 34.5% (10/29) 0.469
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A Comparison of Driveline Infections: Left Ventricular Assist Device vs.
Total Artificial Heart
C. Runyan, H. Barone, N. Huie, J. Hajj, R. Jocson, L. Lam, E. Passano,
L. Czer, J. A. Kobashigawa, J. Moriguchi, F. Arabia. Cedars-Sinai Heart
Institute, Los Angeles, CA.

Cardiac Transplant Outcomes in Patients on Continuous Flow Left
Ventricular Assist Device Support
J. R. Spratt,1 R. John,2 R. J. Cogswell,3 J. R. Misialek,3 F. Kamdar,3
T. Thennapan,3 C. Martin,3 E. Missov,3 M. Pritzker,3 S. J. Shumway,2
K. Liao.2 1Department of Surgery, University of Minnesota, Minneapolis,
MN; 2Division of Cardiothoracic Surgery, Department of Surgery,
University of Minnesota, Minneapolis, MN; 3Department of Medicine,
Cardiovascular Division, University of Minnesota, Minneapolis, MN.

Study: Mechanical Circulatory Support (MCS) driveline infections remain
one of the major limiting factors to successful long term support after
MCS implantation. There are limited data specifically examining the
incidence and predictors of driveline infections (DLI) across devices. Does
the larger cannula size and presence of two drivelines (pneumatic tubes)
equate to a higher infection rate in the total artificial heart population?
We sought to answer this question by evaluating our MCS patients for
driveline infections and comparing those with a Left Ventricular Assist
Device (LVAD) to those with a Total Artificial Heart (TAH).
Methods: Between 2012 and 2016 we evaluated 192 MCS patients. DLI
were identified and these patients were divided into 2 groups by device
type (LVAD or TAH). Outcomes included driveline infection rates, mean
length of support, days from implant to first infection, pre-implant infection and diabetes, unplanned readmissions, dressing change compliance, and days from first infection to transplant in patients who were
transplanted.
Results: We identified 8 LVAD patients with 11 DLIs and 4 TAH patients
with 7 DLIs. Pre-implant diabetes and pre-implant infection do not offer
clear indicators of increased risk. Non-compliance in driveline management suggests a greater risk for driveline infections. There was no
difference in the average number of days to first infection between these
groups. Of the 7 transplant patients, TAH patients were transplanted an
average of 100 days sooner than LVAD patients.
The large cannula size and the presence of two pneumatic drivelines in
patients with a TAH does not lead to a higher driveline infection rate.

Endpoints
DLI Rate
Days of Support, mean ± SD
Days from Implant to
First DLI, mean ± SD
Days from First DLI to
Transplant, mean ± SD
Diabetes Pre-Implant, %
Infection Pre-Implant, %
Unplanned Readmission Rate
(per 100 pt months)
Non-Compliant with Dressing
Changes, %

LVAD with DLI
(n=8)

TAH with DLI
(n=4)

7.0% (8/115)
752.1, 358.6
365.25, 327.31

5.2% (4/77)
575.5, 187.7
333.50, 192.83

Study: The number of patients on left ventricular assist device (LVAD)
support as a bridge-to-transplant (BTT) has increased over time, leading
to longer waiting times and larger numbers of patients with an LVAD
prior to transplant. The purpose of this analysis was to compare patient
characteristics as well as transplant outcomes over time in a population of
patients supported by continuous flow (CF) devices at a single center as
an update to our prior description of this cohort.
Methods: All patients who received a CF-LVAD followed by cardiac transplantation from January 2005 to August 2016 were evaluated. Recipient characteristics and outcomes were compared over three intervals
(2005–2008, 2009–2011, and 2012–2016). Numeric data are expressed
as mean ± standard deviation except were indicated. Kaplan-Meier curves
and Cox regression were used to analyze survival.
Results: Of 194 patients who received BTT LVADs, 104 were transplanted
during the study period. Mean recipient age was 55.3 ± 11.2 years, 79.8%
were male, and 58.7% had ischemic cardiomyopathy. Recipients in the
more recent cohorts were older and had a higher percentage of diabetes
(Table). Duration of LVAD support prior to transplant is significantly longer
in the most recent time period. One and 2-year unadjusted survival
among BTT transplant recipients over time has improved (92.3% and
92.3% for 2005–2008, 90.2% and 87.7% for 2009–2011, and 95.5% for
2012–2016, p = 0.78). These trends in survival did not persist in the fully
adjusted Cox regression model.
Post-transplant survival following BTT CF-LVAD therapy is excellent and
has remained steady over time despite increased recipient comorbidity
and increase in duration of support prior to transplantation. Patients with
anticipated prolonged waiting times prior to transplant can be managed
with BTT CF-LVAD therapy with good expected results.

363.50, 222.34 (n=4) 263.00, 219.06 (n=3)
12.5
12.5
21.7

25.0
25.0
14.5

75.0

25.0
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The Utility of the Prognostic Nutritional Index in Hemodialysis
Dependent Patients Who Undergo Cardiovascular Surgery
S. Kurumisawa, K. Kawahito, Y. Misawa. Cardiovascular Surgery,
Jichi Medical University, Tochigi, JAPAN.

New Quantitative Method for Evaluating Driveline to Skin Adhesion in
Ventricular Assist Systems
T. Yambe,1 Y. Shiraishi,1 Y. Inoue,1 A. Yamada,1 Y. Tsuboko,1
T. Motomura.2 1Tohoku University, Sendai, JAPAN; 2EVI Japan,
Fukushima, JAPAN.

Study: Hemodialysis (HD) dependent patients frequently develop malnutrition, which can affect surgical outcomes. The prognostic nutritional index
(PNI = 10 x serum albumin (g/dL) + 0.005 x total lymphocytes (1,000/µL)) is
a simple metric that utilizes serum albumin and total lymphocyte count to
provide a basic indicator of nutritional status. The PNI has been considered
an effective prognostic tool for cancer patients who undergo surgery. We
investigated the utility of the PNI as a prognostic marker for hemodialysis
dependent patients who undergo cardiac surgery.
Methods: We retrospectively reviewed 110 HD patients (82 men, 28 women)
who underwent cardiovascular surgery between January 2006 and July 2016.
We assessed the relationship between PNI and in-hospital mortality, postoperative complications, length of hospital stay, and long-term survival.
Results: The inhospital mortality rate was 9% (10 patients). PNI was
32.3 ± 8.1 in patients who died in the hospital and 39.5 ± 5.9 in survivors (p=0.006). A total of 37 postoperative complications occurred in 34
patients. PNI was 35.8 ± 8.1 in the group with complications (n=34) and
40.2 ± 5.0 in the group without complications (n=76) (p=0.007). Mean
postoperative hospital stay was 26 ± 19 days, and PNI was negatively correlated with the length of stay (r=−0.478, p<0.001). The actuarial survival
rates at 1, 3, and 5 years were 73%, 62%, and 42% in patients with PNI
>34, and 49%, 37%, and 27% in patients with PNI ≤34 (log-rank test, p
< 0.036). PNI is useful for assessing the postoperative outcome in HD
dependent patients after cardiovascular surgery.

Study: Driveline infections are one of the most common problems associated with long term implantable artificial organs, developing in up to 20%
of Left Ventricular Assist Devices (LVADs) implanted. (J Heart Lung Transplant2012; 31:1151–7.) Stronger driveline-skin adhesion improves the
mechanical barrier to potential infective agents and may help to decrease
the risk for driveline infection. A new quantitative evaluation method has
been invented to determine the strength of the driveline-skin adhesion of
the ventricular assist system and patent application had been carried out..
In this study, an evaluation of the driveline-skin adhesion has been implemented in experiments with simulated driveline and skin (test piece) and
animal skin models, according to ethical committee guidelines.
Methods: A tension (pulling) force and rotating force measurement
system were applied to the driveline-skin interface of the simulation
test piece. The results of the applied pulling and rotating force showed
the resistance power, thus providing a quantitative evaluation of the
driveline-skin adhesion. Furthermore, distortion of the skin surface was
evaluated by image analysis on a grid mesh applied to the simulated test
piece and the animal skin model.
Results: We were able to quantify the adhesive quality of the drivelineskin interface by the use of this new method. After successfully conducting the tests we moved to animal models and found that this system may
be useful for the evaluation of the driveline-skin adhesion for devices
such as rotary blood pumps in the near future.
It may be useful for the evaluate the protection ability to the infection.
MAT the infection will be able to be protected, when the adhesion of
Because
the skin, subcutaneous tissue and the drive line will be evaluated as the
strong. If we can measure the resistance power to the infection will be
evaluated, we can evaluated the capability of the implantable artificial
organs including various kinds of ventricular assist system in future.

28
Global VAD Coordinator Practices with the Use of the HeartWare HVAD
System Waveforms and Logfiles
T. Schlöglhofer,1 J. Adams,2 P. Combs.3 1Center for Medical Physics
and Biomedical Engineering, Department of Cardiac Surgery, Medical
University of Vienna, Vienna, AUSTRIA; 2HeartWare Inc, Framingham, MA;
3
Jewish Hospital, Louisville, KY.
Study: The purpose of this joint ICCAC and HeartWare survey was to investigate how the HeartWare HVAD system waveforms and logfiles are used in
current practices throughout the world. The goal was to understand benefits, areas of difficulty, or changes that could be made to improve this tool.
Methods: The survey was conducted as a web-based questionnaire (12
questions) through SurveyMonkey and was sent to all ICCAC members.
43% of invited participants responded to the survey. The geographic distribution showed the majority of responses came from centers located in
the U.S. (n=34), followed by Europe (n=10), Asia and the Pacific (n=3) and
Canada (n=1). The professional background of most of the participating
MCS clinicians was nursing (53%), followed by advanced practice nurses
(19%) and engineering (12%).
Results: Nearly 50% indicated that their center has over 60 patients on
long-term LVAD Support and implant between 21–60 VADs per year.
72 of the participants feel comfortable utilizing HVAD waveforms as a
diagnostic tool to assist in treating conditions or complications. Most of
the VAD coordinators (91%) use HVAD waveforms to assess the patient´s
clinical status while on support. The participants indicated that cardiologists (78%) and surgeons (70%) are commonly using this tool for patient
management, but only 40% of ICU nurses or 38% of advanced care providers. Concerning logfiles, all participants indicated the need to visualize
a waveform screen shot recorded at the time of the event when assessing
the alarm history. Nearly half (49%) report downloading the HVAD logfiles
during every outpatient clinic, 36% only for emergencies or questionable
issues with the device, 5% never download them. 90% of VAD Coordinators desire to receive the HVAD logfile report back immediately and 42%
indicated that clinical explanations and waveform interpretation should
be included. These results may help to understand the benefits, areas of
difficulty and desires for improvements to future products.
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Our Experience with Sleep Apnea Syndrome After Implantation of Left
Ventricular Assist Device
P. S. Garcha,1 S. A. Carey,2 T. S. Peterson,2 M. A. Brooks,2 J. Felius,2
S. M. Joseph.1 1Advanced Heart and Lung Disease, Baylor University
Medical Center, Dallas, TX; 2Baylor University Medical Center, Dallas, TX.

Mixing Phenomena During Interaction of Internal and External
Circulations - Developing a Combined Simulation Platform of the Human
Circulation
P. Grieshaber,1 J. Gehron,1 M. Bongert,2 A. Böning,1 On Behalf of the
EMPACs Study Group. 1Adult and Pediatric Cardiovascular Surgery,
Giessen University Hospital, Giessen, GERMANY; 2Division of Mechanical
Engeneering, Technical College Dortmund, Dortmund, GERMANY.

Study: There is a paucity of data on sleep apnea with end stage heart
failure (HF) patients who have long-term left ventricular assist devices
(LVAD) implanted as either bridge to heart transplantation or as destination therapy. We studied patients who were referred for sleep apnea
syndrome (SAS) evaluation post LVAD implantation.
Methods: Nine patients post LVAD implantation due to advanced HF (7
with dilated cardiomyopathy, 2 with ischemic cardiomyopathy) were
included. All patients were screened utilizing the STOP-BANG sleep questionnaire prior to sleep testing. A patient scoring >5 is considered at high
risk for obstructive sleep apnea (OSA).
Results: The sample consisted of all men, mean age 53.4 years. All 9
patients had the additional diagnosis of hypertension, 7 (78%) had renal
disease, and 3 (33%) had diabetes. Mean body mass index was 30.9 kg/
m2. The median STOP-BANG score for this cohort was 5 (Table 1). All
patients underwent a nocturnal polysomnogram (PSG). Four patients
(44%) showed severe obstructive sleep apnea (OSA), 3 (33%) had moderate OSA, and 2 (22%) had mild OSA. All patients had severe hypoxia noted
during the PSG, with oxygen saturation ranging 50 -73%. None of the
patients had central apneas (mean central apnea index was 0.65 events/
hr). In conclusion, while the literature has shown that LVAD therapy
supports resolution of central sleep apnea, OSA was the exclusive sleep
disturbance noted in our study sample. Prospective outcome studies are
warranted to explore and better understand sleep apnea characteristics in the advanced HF population before and after LVAD implantation.
Moreover, HF clinicians need to maintain a high index of suspicion for
diagnosing SAS in this cohort as many of these patients have contributing
co-morbidities that have been known to result in poor outcomes.

Study: In acute circulatory failure, extracorporeal life support (ECLS) can
be used. However, fluid-mechanical aspects of the interaction between
the slowly recovering human circulation and ECLS are relevant but poorly
understood. We aimed to generate a model out of components and with
dimensions suitable for use in an MRI, that can first be fully virtualized,
second reproduces physiological flow- and pressure parameters of the
human circulation, and third can be used for study of different ECLS cannulation sites and techniques.
Methods: For fluid-mechanical studies using MRI, ultrasound and computational fluid dynamics (CFD) analyses, we developed a combined in-vitro
and in-silico model of the human circulation. Silicon-based life-sized dummies of the aorta and vena cava were combined with a pulsatile artificial
heart. This module is placed in a case with all arterial branches merging
in a venous reservoir and fluid returning to the artificial heart through the
venous dummy. Compliance vessels provide simulation of the capillary
system. ECLS-cannulation can be performed in the femoral and subclavian
arteries as well as in the femoral and jugular vein position. DICOMdatasets of the model and cannulas were generated using CT scans and
transformed into a virtual model for CFD analysis.
Results: After adjusting vessel diameters physiological flow rates of the
supraaortic branches, the renal and mesenteric arteries as well as the
limb arteries were achieved with an overall physiologic blood pressure
(130/90mmHg) and cardiac output (5l/min.). The EMPACs-model provides
a virtually physiological platform for simulation of the human circulation
and its interaction with external circulation generated by ECLS. This set-up
allows for precise characterization of fluid-mechanical aspects of this
interaction. Data generated from this project could be useful to optimize
recovery and weaning from ECLS in the future.
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Promoting Growth Through Partnership:ICCAC’s VAD Mentorship
Program
R. Adam,1 T. Schlöglhofer,2 P. Combs.3 1ANW, Plymouth, MN; 2Center
for Medical Physics and Biomedical Engineering, Department of Cardiac
Surgery, Medical University of Vienna, Vienna, AUSTRIA; 3Jewish Hospital
Louisville, Louisville, KY.

Construction and Evaluation of a VAD Care App as Self-management
Tool for Patients with Ventricular Assist Devices (VADs)
J. Casida,1 H. Craddock,2 D. Hoff,2 C. Kay,2 A. Pierzynski,2 D. Manker,2
E. Cooley.2 1University of Michigan, Ann Arbor, MI; 2Barnes-Jewish
Hospital/Wahington University, St. Louis, MO.
Study: Despite major advancements in technology, the care for VADs
remains complex. Current tools for self-care are outdated and do not
utilize available technology adding to the challenges of VAD care managed
by patients and caregivers. We have developed a mobile phone application (VAD Care App) to organize and simplify the VAD care management
in home settings. Features of the App include an automated alert system
and a guide for completing routine tasks to be performed for the day
(Figure). A virtual clinic/two-way communication capability is embedded
in the App with successful beta-testing results. The purpose of this study
was to evaluate the feasibility of the App as a self-management tool for
VAD patients and caregivers. Specifically, we evaluated the acceptability
and usability of the App and the competency of its users.
Methods: We employed a descriptive research design involving 18 users
(9 patients and 9 caregivers) from 2 centers in the Midwest. We asked
them to use the App daily for over 30 days, complete a survey, and an
interview. The 14-item survey uses a 5-point rating scale (1=strongly
disagree to 5=strongly agree) evaluating usability, acceptability, and
competency domains commonly measured in App development. Survey
and interview data were analyzed with descriptive and content analytic
procedures.
Results: Of the 18 users, 8 patients (all male) and 8 caregivers (7 female)
aged 22 to 68 years completed the study. Respective mean acceptability,
usability, and competency scores were 4.5 ± .55, 4.5 ± .46, and 4.5 ± .40.
We found that the main reason 2 participants withdrew from the study
was frustration related to server failures. Daily data submission from the
App ranged from 80 to 100%. The data suggest that it is feasible to use an
App in assisting patients and caregivers manage the complex daily VAD
care regimen. Also, the data assisted us in finalizing the prototype used
in an study to determine the effect of the VAD Care App on clinical and
quality of life outcomes.

Study: Objectives:The goal of ICCACs mentorship program is to promote
growth & independence, elevate professional capabilities & increase job
satisfaction among VAD coordinators by pairing novice with highly skilled
& experienced ones. This study was conducted to develop, implement &
evaluate the effectiveness of this education program for VAD clinicians
Methods: Mentees are active members of the ICCAC & may reside inside
or outside the United States & apply for being mentored by one of n=15
voluntary mentors. The dyads were matched according to needs, interests, expertise & geographical location. Over the span of 1 year, the pair
were expected to communicate regularly to brainstorm improvements
&share best practices. Program effectiveness was assessed by web-based
survey at 3,6,9 &12 months. These questions utilized a Likert Scale & the
opportunity to offer any feedback with open-ended questions.
Results: 14 VAD coordinators (n=7 mentors & n=7 mentees) participated
in the program from 5/2016 to 2/2017. Response rate from the 3&6
months surveys was 100% mentees & mentors. Patient assessment,
protocols, device management, networking, education materials & professional growth & development were the most discussed topics. 83.33%
of the participants, both mentors & mentees reported that they’re
extremely satisfied with the mentorship program & would recommend
it to a colleague. Mentees found mentors to be extremely helpful with
“knowledgeable, approachable, experienced & supportive” as the most
valuable characteristics. Communication between the dyads is free flowing versus a set agenda mostly via email & phone. Busy work schedules
is a big barrier thus only 1/3 of the mentees will be able to visit mentors’
program.Conclusion: The ICCAC mentorship program offers VAD clinicians
quality support that leads to professional development opportunities.
This program may be an essential part to foster career development & job
satisfaction, decrease coordinator burnout & maximize retention in junior
VAD coordinators.
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Using HeartWare HVAD Log Files to Observe Patient Behavior and
Battery Function
K. L. Kiehl,1 F. X. Downey,2 J. D. Crouch,2 N. Z. Sulemanjee,1 T. E. Hastings,1
O. M. Cheema,1 V. Thohan.1 1Tendick Center, Aurora St. Luke’s Medical
Center, Milwaukee, WI; 2Aurora Cardiovascular Surgical Services, Aurora
St. Luke’s Medical Center, Milwaukee, WI.
Study: HeartWare HVAD (Framingham, MA) log files provide a record of
important LVAD diagnostics that assist in patient care. We believe that
information regarding battery function can inform providers of patient
behavior and compliance.
Methods: Log files from 27 patients were analyzed by a program developed by our engineer (KLK) using Microsoft Excel VBA. Battery discharge
rates and patient AC power usage were examined.
Results: HeartWare HVAD log files were utilized to understand duration
and pattern of battery use. Safe and appropriate use cycles between battery and AC power (figure 1a). Patients who spend the majority of their
time on AC power (figure 1b) presumably do not participate with physical
rehabilitation efforts. Figure 1c exhibits a patient that is noncompliant
by our program standards and is sleeping on battery power. Among 27
patients evaluated, 16 (59.3%) demonstrated safe and appropriate use,
4 (14.8%) were noted to spend the majority of time on AC power and 7
(25.9%) demonstrated unsafe behavior of sleeping while connected to
batteries.
In addition, after transitioning battery manufacturers from Lishen to Panasonic, log file interrogation indicates Panasonic batteries last 1.6 ± 0.3 hrs
longer (figure 2).
Conclusion: Interrogation of HVAD log files by novel program developed
by our engineer (KLK) allows for important and additional diagnostic
information regarding patient activity and compliance. Battery life did not
appear to effect activity or compliance pattern.

Figure 1: Battery data displayed from the log file viewer. (a) Patient using
battery and AC power consistent with education. (b) Patient using AC
power almost exclusively. (c) Patient using only battery power.

Figure 2: Battery discharge rates of two HeartWare manufacturers. Panasonic, current manufacturer, is shown to last on average 1.6 ± 0.3 hrs longer than the previous manufacturer, Lishen.
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Mechanical Circulatory Support Nurse Practitioners’ Work Intensity,
Role Stress, and Burnout
R. Wood,1 C. Popovic,1 P. Combs,2 J. Casida.1 1School of Nursing, University
of Michigan, Ann Arbor, MI; 2Kentucky One Health, Louisville, KY.

Use of a Mock Ventricle to Simulate Functionality of the Fibrillating
Heart for Testing Direct Cardiac Compression Devices
Y. Zhou, B. A. Schmitt, D. B. Reynolds, M. P. Anstadt. Biomedical Sciences,
Wright State University, Dayton, OH.

Study: Nurse practitioners (NPs) play a significant role in the sustainability of mechanical circulatory support (MCS) programs. Yet, the burden
imposed on them by managing complex and high acuity patients is
understudied. The purpose of this study was to describe and explore the
relationship between role stress, work intensity, and burnout as perceived
by MCS-NPs.
Methods: An exploratory research design was employed involving 101
MCS-NPs throughout the US. Subjects were asked to complete a survey
sent via mail. The survey consisted of a demographic questionnaire
and measures of role stress (MCS-NP Role Stress Questionnaire), work
intensity (Work Intensity Numeric Scale), and burnout (Copenhagen
Burnout Inventory). Of the 101 subjects, 48 (47.5%) returned the survey
with usable data. Descriptive and inferential statistics were used for data
analysis.
Results: Subjects’ mean age was 43.3 ± 10.3. They were predominantly
White (71%) female (81%), married (60%), working in urban hospitals
(79%) in the Northeast (40%) or the Midwest (27%). Despite the high
degree of work intensity and burnout, only 1 out of 8 factors were
perceived as significant contributors to role stress (Table 1). Overall role
stress was not associated with work intensity and burnout. Work intensity
was associated with work overload as well as personal and work-related
burnout (r= .35 to .41, p values less than .05). No significant association
was found between role stress factors, work intensity, and client-related
burnout. In conclusion, MCS-NPs’ perceptions of high work intensity and
a high degree of burnout did not equate with high role stress. Further
research is needed to confirm the findings, and include measures that
expand our understanding of client-related burnout and its impact on
patient outcomes.

Study: Direct mechanical ventricular actuation (DMVA) is a non-bloodcontacting direct cardiac compression (DCC) device that augments both
systolic and diastolic function for support of the fibrillating heart. Our
laboratory has been developing a biventricular mock circulatory system to
evaluate DCC devices in vitro. The purpose of this study was to characterize DMVA mechanics during support of mock ventricles and the native
swine heart.
Methods: Adult Yorkshire swine (n = 8) were supported during ventricular
fibrillation. Intracardiac 2D speckle tracking echocardiography (ECHO) was
used to measure ventricular volumes and myocardial mechanics. Silicone
(Shore 00-20) mock ventricles with similar material and anatomical properties to the native swine heart were fabricated by a 3D-printed mold and
tested with the same DMVA device. The equivalent of intracardiac ECHO
was collected using the same vascular probe. Five endocardial border
tracings were performed in each ECHO clip, and a total of 40 swine clips
were compared to 40 mock clips.
Results: The biventricular mock resembles the natural anatomical
appearance and dimensions during in vivo echocardiography (see Figure).
Ventricular geometry was similar except stroke volumes (see Table). A
hypotensive model was produced in consideration of the lower-level
hemodynamics post-sternotomy. Endocardial kinetics showed similar
peak strains but peak strain rates were higher in swine. Importantly, peak
strain rates during both systole and diastole were proportionally similar
between the mock and swine ventricles, which indicates that the mock
biventricle simulates (although at a lower intensity) the deformation
pattern of the swine heart during the same extent of support. The silicone
biventricle has great potential to be a good surrogate for animal hearts to
evaluate DMVA mechanics, and this unique biventricular mock system is
expected to provide a practical testbed for developing DMVA and other
DCC devices.
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Motion-activated System for Better Chest Drainage: Bench Testing,
in vivo, and First Clinical Experience Report
J. H. Karimov, G. Sunagawa, M. Lobosky, L. Idzior, S. Okano, N. Moazami,
M. Berrada-Sounni, F. Proch, N. Byram, R. Dessoffy, D. Horvath,
K. Fukamachi. The Cleveland Clinic, Cleveland, OH.

Synchronized Paracorporeal Electromagnetic Pulsatile Pump Can
Decrease Infarct Size in Porcine Model with Acute Myocardial Infarction
C. Yeh,1 C. Liu,2 H. Liang,1 S. Lin,2 J. Ho.3 1Thoracic and Cardiovascular
Surgery, Chang Gung Memorial Hospital, Keelung, Keelung, TAIWAN;
2
Institute of Biomedical Engineering, National Chiao-Tung University,
Hsin-Chu, TAIWAN; 3Electrical Engineering, National Taiwan Ocean
University, Keelung, TAIWAN.

Study: Chest-tube clogging is known as adverse contributor to postoperative cardiac surgery outcomes. The motion-activated system (MAS) has
been designed to prevent chest-tube clogging and maintain tube patency.
We report on chest-tube blood flow analysis in vitro, MAS effects on
intraluminal clot deposition in vivo, and pilot clinical trial.
Methods: The MAS was tested in vitro with blood-filled chest-tube model
for device acceleration and performance. In vivo acute hemothorax studies (n = 5) were performed in healthy pigs (48.0 ± 2 kg) to evaluate the
drainage in MAS vs. Control (no device) groups. Using high-speed camera
(FASTCAM Mini AX200, 100-mm Zeiss lens) in additional animal study
(n = 1), the intraluminal whole-blood activation imaging of the chest tube
(32 Fr) was made. The pilot clinical study (n = 10) consisted of 10-30-min
duration device tolerance test.
Results: In vitro MAS testing suggested improved device performance.
The 2-hr in vivo evaluation showed a longer incremental drainage profile
in the MAS group vs. Control (Fig. 1A). The total drainage in the MAS
group was significantly higher than in the Control group (379 ± 145 ml vs.
143 ± 40 ml; P = 0.0097). The high-speed camera images showed a devicespecific intraluminal blood “swirling” pattern. Clinical data showed no discomfort during MAS use in surgical patients (pleural = 4; mediastinal = 6)
(Fig. 1B). The advanced MAS showed better performance at bench and
better drainage profile in vivo. Clinical trial showed patients tolerance to
MAS and device safety.

Study: To determine if synchronized paracorporeal electromagnetic
pulsatile (SPEMP) pump prior to reperfusion in animals with anterior
ST-segment elevation myocardial infarction without shock reduces myocardial infarct size.
Methods: Left anterior descending coronary ligation was performed in
twelve healthy adult pigs (70–75 Kg). Animals (6 in each group) were
randomly divided into non-supporting group or supporting group with
SPEMP pump implantation one hour after coronary artery ligation. In
both groups, hemodynamic monitor with or without pump was maintained for 3 hours. The SPEMP pump was proximally and distally anastomosed to descending aorta distal to left subclavian artery and abdominal
aorta distal to renal artery, respectively with a pump flow of 3.0–4.0 L/
min. The left ventricular end-diastolic pressure, left atrial pressure, and
blood pressure were measured at baseline, immediately, and every hour
after coronary ligation with/without pump implantation. Plasma samples
obtained at baseline and at the end of 3 hours of therapy were used to
measure a host of circulating biomarkers that included CK-MB, troponin I,
AST, and creatinine. Infarct area was demarcated using Evans blue perfusion and expressed as a percentage of left ventricular mass.
Results: SPEMP pump significantly decreased left ventricular end-diastolic
pressure, left atrial pressure, and infarct size (sham 31.1% vs pump
15.5%). Compared with sham operation, 3-hour synchronized paracorporeal electromagnetic pulsatile pump did not significantly change in circulating levels of AST, creatinine, but decrease elevation of troponin I (sham
0.166 vs pump 0.068 ng/ml). The results indicate that SPEMP pump can
effective unloading left ventricle and reduction of infarct size in pigs with
acute coronary artery ischemia.

Figure 1: (A) from animal study, MAS and Control chest tubes at crosssection. (B) MAS placement on patient’s chest tube.
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Reduction of Mitral Regurgitation Following Continuous Flow Left
Ventricular Assist Device Implantation is not Associated with Improved
Clinical Outcomes
C. W. Choi,1 R. D. Williams,1 M. R. Danter,1 M. Xu,2 M. E. Keebler,3 K. H.
Schlendorf,3 S. K. Zalawadiya,3 A. S. Shah.1 1Cardiac Surgery, Vanderbilt
University Medical Center, Nashville, TN; 2Biostatistics, Vanderbilt
University School of Medicine, Nashville, TN; 3Cardiovascular Medicine,
Vanderbilt University Medical Center, Nashville, TN.
Study: To evaluate the effect of reduction in mitral regurgitation (MR)
after implantation of continuous flow - left ventricular assist device (CFLVAD) on clinical outcome.
Methods: A retrospective analysis of patients with MR who underwent
CF-LVAD implantation from 2014 to 2016 was performed. Patients were
divided into two cohorts based on echocardiographic data performed in
preoperative and intraoperative settings: patients with no change in MR
following LVAD implantation (Group A, n=70) and patients with reduction
in MR following LVAD implantation (Group B, n=79). Group B was further
categorized by absolute change in MR severity. Primary outcomes for
patients in this study were intensive care unit (ICU) length of stay, total
hospital length of stay, and all-cause mortality. Demographic and preoperative comparisons were analyzed using Pearson and Wilcoxon rank sum
tests. Adjusting for confounding variables (age, gender, GFR, INTERMACS
score), a Cox proportional hazard model was used to analyze the effects
of MR reduction on primary endpoints.
Results: The two groups were similar in baseline characteristics and
demographics, except except INTERMACS score (p=0.0034) and severity of MR pre- (p=<0.001), and post-LVAD (p=0.024). Patients with no
reduction in MR were found to have longer cardiopulmonary bypass
times (66.31 34.88 vs. 81.21 44.31, p=0.027.) There were no differences
found between groups in all-cause mortality, ICU length of stay, and total
hospital length of stay (p=0.956, 0.158, and 0.124 respectively). Cox proportional hazard model showed no differences in survival after one year
when comparing the varying degrees of MR reduction (p=0.855).
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International VAD Coordinator Team Compositions and Advanced Nurse
Practitioners in VAD Teams
J. Horvat,1 O. Neiger,2 D. Christensen,3 T. Elliott,4 J. Beckman,5 P. Combs,6
T. Schlöglhofer.7 1Department of Cardiac Surgery, General Hospital
Vienna, Vienna, AUSTRIA; 2Pediatric Intensive Care Unit, General Hospital
Vienna, Vienna, AUSTRIA; 3MyLVAD, Pine Grove, PA; 4Medstar Washington
Hospital Center, Washington DC, DC; 5Department of Medicine, Division
of Cardiology, University of Washington Medical Center, Seattle, WA;
6
VAD/Heart Failure/Transplant, Jewish Hospital, Louisville, KY; 7Center
for Medical Physics and Biomedical Engineering, Department of Cardiac
Surgery, Medical University of Vienna, Vienna, AUSTRIA.

Space and Time Resolved Detection of Platelet Activation and von
Willebrand Factor Conformational Changes in Deep Suspensions
J. Biasetti,1 K. Sampath,1 A. Cortez,2 A. Azhir,3 A. A. Gilad,2 T. Kickler,4
T. Obser,5 Z. M. Ruggeri,6 J. Katz.1 1Mechanical Engineering, Johns Hopkins
University, Baltimore, MD; 2Radiology, Johns Hopkins University, School
of Medicine, Baltimore, MD; 3Biomedical Engineering, Johns Hopkins
University, Baltimore, MD; 4Pathology, Johns Hopkins University, School of
Medicine, Baltimore, MD; 5Pediatric Hematology and Oncology, University
Medical Center Hamburg-Eppendorf, Hamburg, GERMANY; 6Molecular
Medicine and Experimental Medicine, The Scripps Research Institute, La
Jolla, CA.

Study: This ICCAC survey was conducted in order to investigate the makeup of VAD Coordinator teams, specifically, what type of role Advanced
Nurse Practitioners (ANPs) play. This study investigated the VAD Coordinator professional background, scope of practice and compensation in the
international realm.
Methods: This survey was conducted as a web-based questionnaire
(23 questions) and was sent to all ICCAC members. Forty-seven (43% of
invited participants) responded to the survey, the majority of responses
came from centers located in the US (51%), followed by Europe (36%),
Australia (8%), Asia (3%) and Canada (2%).
Results: Survey response indicated that 38.3% VAD centers were small
(<25 implants per year), 10.6% medium (26–50) and 51.1% large (>51).
The average VAD clinician-to-patient ratio (CPR) was 0.16 (0.01 to 1.00),
were a CPR of 0.1 reflects 1 clinician per 10 patients. Medium and large
US and non-US centers had a significant (p=0.006) lower number of VAD
coordinators in relation to patients compared to small centers. All US
centers did have a defined VAD Coordinator role in their teams, but only
70% (p=0.006) in non-US centers. The following were significant differences (p<0.05) in the composition of US vs non-US teams: perfusionists
(42.4% vs 85.7%), social workers (84.8% vs 21.4%), financial specialists
(48.5% vs 0.0%) and palliative care (63.6% vs 0.0%). In Anglo American vs.
other VAD teams, more did have an ANP background per team (2.1 vs 0.0,
p<0.001). 15.8% of participants did have >100 overtime hours per month,
10.5% from 51–100 hrs and 55.3% from 1–50 hrs without differences
in US and non-US centers. 77.5% of VAD clinicians did have a salaried
pay structure, in 22.5% overtime is hourly compensated (p=0.001). We
found significant differences in CPR of international VAD teams based on
center size. ANPs are a well-established profession in the US but play a
minor role in non-US VAD centers. Globally, VAD Coordinators have a high
burden on work load thus threatening job satisfaction.

Study: Detection and tracking of phenotypic changes of cells and proteins
in deep suspensions are critical for the imaging of blood damage in
mechanical circulatory support devices. This work introduces imaging
techniques for space and time resolved detection of platelet (PLT) activation, von Willebrand factor (VWF) conformational changes, and VWF-PLT
interaction in deep suspensions. These tools are being used for the imaging of these phenomena in transparent LVAD replica.
Methods: Recombinant VWF-eGFP (rVWF-eGFP) and human VWF labeled
with an FITC-conjugated polyclonal antibody (VWF:IgG:FITC) are used to
visualize VWF and its interaction with PLTs. An anti-P-Selectin FITC-conjugated antibody is used to detect activated PLTs. The calcium sensitive
probe Indo-1 is employed for detecting PLTs’ intracellular calcium release,
which marks the activation process progression. Deep samples are illuminated by LEDs and imaged with a high-sensitivity EM-CCD camera, allowing detection using an exposure time of 1ms. Post-processing algorithms
enhance, identify and track the signals.
Results: PLT activation is quantified by the number of PLT expressing P-Selectin, and by the number of Indo-1 loaded PLTs fluorescing at
the wavelength of Ca2+-bound Indo-1. Results show a clear correlation
between the mean number of PLTs detected per image and the percentage of activated PLTs obtained by flow cytometry, confirming the viability
of the new techniques to measure PLT activation. A marked increase
in the number of rVWF-eGFP signals upon exposure to shear stress
demonstrates the ability to detect breakup of self-aggregates. Structural
conformation transitions from globular to unfolded and self-aggregation
are also observed. The ability to track the size and shape of PLT-decorated
VWF:IgG:FITC strands in space and time provide means to detect pro- and
anti-thrombotic processes.
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Patient and Caregiver Activation May Play a Role in Outcomes of
Patients Who Receive Left Ventricular Assist Devices
S. A. Carey,1 K. Bass,2 K. M. Tecson,3 A. K. Jamil,4 J. Felius,4
S. A. Hall.1 1Center for Advanced Heart and Lung Disease, Baylor
University Medical Center, Dallas, TX; 2Soltero Cardiovascular Research
Center, Baylor University Medical Center, Dallas, TX; 3Baylor Heart &
Vascular Institute, Baylor University Medical Center, Dallas, TX; 4Annette
C. and Harold C. Simmons Transplant Institute, Baylor University Medical
Center, Dallas, TX.

Changes in Hemodynamic and Pump-related Parameters in Regards to
Posture in Calves Implanted with a Continuous-flow Total Artificial Heart
N. Byram,1 J. Karimov,1 G. Sunagawa,1 D. J. Horvath,2 B. Kuban,1 R.
Dessoffy,1 S. Gao,1 S. Sale,1 N. Moazami,1 K. Fukamachi.1 1Cleveland Clinic,
Cleveland, OH; 2R1 Engineering, LLC, Euclid, OH.
Study: Development of Cleveland Clinic’s continuous-flow total artificial
heart (CFTAH) has been described. However, changes in hemodynamic
and pump-related parameter in regard to animal posture have not
previously been reported. The purpose of this study was to evaluate the
effects of posture (sitting or standing) on hemodynamic and pump-related
parameters in chronic calves implanted with a CFTAH.
Methods: Cleveland Clinic’s CFTAH is a single-piece, valveless, pulsatile
pump that provides self-regulated hemodynamic output. Hemodynamic
and pump-related parameters were analyzed with posture information in
4 calves that had achieved the intended 14-, 30-, or 90-day durations of
CFTAH implantation. For each calf, postoperative hourly data throughout
the durations were used to compare average values with the animal sitting or standing.
Results: Pump flow was significantly higher when standing than when
sitting at the same pump speed (Table). This difference was due to significantly lower systemic vascular resistance (SVR) and aortic pressure when
standing vs. sitting, as pump flow is sensitive to pressure differences;
the Figure shows the clear difference in (SVR) seen in one experiment,
representative of all 4 chronic studies. Left and right atrial pressures were
slightly lower when standing than when sitting. There was no change in
pulmonary vascular resistance (Figure) or pulmonary arterial pressure
with posture. The animals were more likely to be active (eating or moving) when standing, while they were resting or sleeping when sitting.
Therefore, these changes are believed to be associated not only with
effects of posture, but also differences in animal activity. In conclusion,
posture affected hemodynamic and pump-related parameters in calves
that had a CFTAH. At the same pump speed, pump flow was significantly
higher while standing, when the animals were more active.

Study: Given the management complexities after implantation of left
ventricular assist devices (LVADs), it is crucial for patients and their family
caregivers to have the ability to self-manage (as defined by high activation
levels) to achieve optimal clinical outcomes and quality of life. Here we
assess the effect of patient and caregiver activation on 1-year patient outcomes (hospital readmissions and adherence to follow-up visits) following
LVAD implantation.
Methods: Patients and their caregivers referred to our center for evaluation for LVAD completed the Patient Activation Measure (PAM) questionnaire at the time of referral and at 1 year post-implant. We compared
baseline and 1-year follow-up results and assessed differences in PAM
scores between those who were readmitted to the hospital and those
who were not. Finally, we determined the relationship between PAM
scores and visit cancellations.
Results: Nine patients (all male; age 24–79 y) completed the PAM at
baseline and 1-year follow-up. Their baseline PAM score was 69.6 ± 10.5
and 1-year follow-up score was 70.3 ± 14.5 (P=0.89). Six patients’ caregivers completed the PAM at baseline (72.2 ± 9.5) and at 1-year follow-up
(72.1 ± 8.1; p=0.97). All patients’ and caregivers’ PAM scores were in
levels 3 or 4, indicating high activation. Of the 9 patients, 3 were not
readmitted and had the highest baseline PAM scores, 16.4 ± 7.0 points
higher than those who were readmitted (p=0.01). During the year following LVAD placement, the patients had an average of 12.9 ± 2.5 office visits
with an average of 1.9 ± 1.8 (13.9%±12.3%) cancellations. The proportion
of cancelled visits was not significantly correlated with baseline PAM
scores (patients: r=0.18, p=0.65; caregivers: r=-0.24, p=0.57). In conclusion, patient and caregiver activation may play a role in the outcomes of
patients who receive mechanical support. A larger study to gain statistical
power and investigate these relationships in detail is warranted.
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Early Diagnosis of Device Thrombosis in Left Ventricular Assist Device
Patients
J. Grabska,1 T. Schlöglhofer,2 C. Gross,1 K. Dimitrov,3 D. Wiedemann,3
D. Zimpfer,3 H. Schima,2 F. Moscato.1 1Center for Medical Physics and
Biomedical Engineering, Medical University of Vienna; Ludwig Boltzmann
Cluster for Cardiovascular Research, Vienna, AUSTRIA; 2Center for
Medical Physics and Biomedical Engineering; Department of Cardiac
Surgery, Medical University of Vienna; Ludwig Boltzmann Cluster for
Cardiovascular Research, Vienna, AUSTRIA; 3Department of Cardiac
Surgery, Medical University of Vienna, Vienna, AUSTRIA.
Study: Pump thrombosis (PT) is a serious adverse event in left ventricular assist device (LVAD) patients. The study aims to determine if pump
parameters and clinical diagnostic data enable early detection of PT.
Methods: This retrospective study included 88 patients who received
an LVAD between January 2012 and May 2015 among which those with
intra-pump thrombosis were identified. In a propensity-score matched
control group observation time periods were matched with time prior
to thrombosis. Anticoagulation therapy (INR time in therapeutic range
(TTR)) and a biomarker of PT (lactate dehydrogenase (LDH)) were analyzed for 60 days preceding PT. Furthermore, pump data (power, flow,
speed) in HeartWare HVAD patients were analyzed 7 days prior to PT. A
mixed-design analysis of variance (ANOVA) was carried out to investigate
temporal changes in pump data.
Results: 15 patients (13 males, age 58 ± 10y, 7 HMII and 8 HVAD) had
PT at median POD 343 (interquartile range IQR165-617). INR therapeutic range (2–3) and acetylsalicylic acid daily doses (100-200mg) were
similar for both groups, but patients with PT had lower TTR (36% vs. 65%;
p=0.025). Higher LDH levels were seen in thrombosis group in the week
preceding PT: median 608 (IQR: 262–916) vs. 215 (IQR: 188–251) U/L
(p=0.01); and on the readmission day: median 755 (IQR: 581–1259) vs.
210 (IQR:190–300) U/L (p<0.001). An LDH above a threshold of 750 U/L
during the observation time provided a sensitivity of 67% and specificity of 87% for predicting PT. No significant difference in LVAD power
between groups was seen at baseline (p=0.31) and power did not change
in control group over time (p>0.99). In patients with PT power increased
significantly from 4.4 ± 0.8W at baseline to 4.9 ± 0.8W (p=0.007) two
days before readmission and to 6.5 ± 1.8W (p=0.015) on readmission day.
To conclude, PT is associated with a shorter TTR prior to the event. This
information combined with LDH measurements and a continuous monitoring of LVAD parameters could enable an earlier PT detection.
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ICU Sequential Organ Failure Assessment (SOFA) Score Improves Risks
Prediction Accuracy for Durable LVAD Recipients
S. Chatterjee,1 R. Kashyap,2 M. T. Keegan,2 S. Maltais,3 M. A. Passe,2
J. C. Jentzer,4 T. Loftsgard,3 S. M. Dunlay,4 J. A. Morgan,5 S. D. Schettle,4
C. L. Nelson,3 D. W. Barbara,2 W. J. Mauerman,2 J. M. Stulak.3 1Surgery,
Baylor College Medicine, Houston, TX; 2Anesthesiology, Mayo Clinic
College of Medicine, Rochester, MN; 3Cardiovascular Surgery, Mayo Clinic
College of Medicine, Rochester, MN; 4Cardiology, Mayo Clinic College
of Medicine, Rochester, MN; 5Cardiothoracic Surgery, Baylor College
Medicine, Houston, TX.
Study: Multiple risk models aid preoperative Left Ventricular Assist Device
(LVAD) patient selection by predicting right ventricular failure and survival. Use of current ICU disease severity scoring systems have had limited
evaluation in LVAD recipients. Our hypothesis was that SOFA scores in the
ICU would predict short- and mid-term outcomes better than conventional preoperative LVAD risk scores
Methods: We retrospectively reviewed all HeartMate II and HeartWare
continuous flow LVAD implants at our Clinic (n=294) from 2007–2015.
Three preoperative risk scores (EUROSCORE, HeartMate 2 Risk Score, and
RV Failure Risk Score) were tabulated. After LVAD implantation, 3 disease
severity scores (APACHE III, POCAS, and SOFA Day 1) were calculated on
the first ICU day at 24 hours. SOFA scores were calculated for the first
five ICU days to derive Maximum and Mean SOFA scores. All scoring
models were analyzed by comparing area under the receiver operating
characteristic curve (AUC) values for 30-day, 90-day, and 1-year mortality
outcomes.
Results: The median (IQR) age was 62.4 (53–69) years and 232 (79%)
were male. Median (IQR) APACHE III and Day-1 SOFA score was 73 (62–88)
and 10 (9–11) respectively. Mortality for the entire cohort at 30-day,
90-day, and 1-year was 5%, 10%, and 19% respectively. AUC values for
each scoring system at each time point are listed. Day 1, Mean, and Maximum SOFA scores had the highest AUC values for 30-day mortality risk
and good predictive value for 90-day and 1-year mortality risk.
SOFA scores in LVAD recipients predict short and mid-term mortality more
accurately than preoperative LVAD risk scores.
MORTALITY RISK
SCORING SYSTEM
EUROSCORE
HM2RS
APACHE III
RVFRS
POCAS
SOFA DAY 1
MEAN SOFA
MAX SOFA

30-DAY

90-DAY

1-YEAR

0.526
0.635
0.681
0.694
0.754
0.770
0.829
0.860

0.554
0.707
0.657
0.630
0.660
0.706
0.805
0.760

0.584
0.721
0.645
0.588
0.598
0.666
0.749
0.695
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Table 1

Neutrophil to Lymphocyte Ratio Predicts Survival in Patients Supported
with Extracorporeal Membrane Oxygenation
G. L. Yost, G. Bhat, A. Tatooles, P. Pappas. Heart Institute, Advocate Christ
Medical Center, Oak Lawn, IL.

Parameter
NLR
Age
Creatinine (mg/dL)
Bilirubin (mg/dL)
BUN (mg/dL)
Albumin (g/dL)
Blood pH
Serum Bicarbonate (mEq/L)

Study: The neutrophil to lymphocyte ratio NLR has proven to be a robust
predictor mortality in a wide range of cardiovascular diseases including
acute decompensated heart failure, non-ST-elevation myocardial infarction, and recently has shown to predict postoperative survival and right
heart failure in patients implanted with durable left ventricular assist
devices. We investigated the predictive value of NLR in patients with
extracorporeal membrane oxygenation (ECMO) systems.
Methods: This study included 107 patients who underwent ECMO
implantation for cardiogenic shock between 2012–2016. Venous-arterial
and venous-venous configurations were included. Patients who received
ECMO due to hemodynamic instability during LVAD implantation were
excluded. Preoperative laboratory data were collected at admission.
Median preoperative NLR was used to divide the cohort with Group 1
NLR < 14.2 and Group 2 with NLR ≥ 14.2. Survival was compared between
groups using Cox regression analysis.
Results: The study cohort was composed of 60% males and had average
age 53.1 years. The 30-day survival was 55%. Patients in Group 1 had
significantly higher preoperative blood urea nitrogen (BUN) and age
with trends towards higher creatinine and lower albumin (Table 1).
Survival analysis indicated significantly worsened mortality in those
patients with NLR > 14.2 (Figure 1). Risk stratification with NLR has
recently been identified as a powerful prognostic tool in a wide range
of disease states, including LVADs. Our study shows that this tool has
prognostic value in patients undergoing ECMO. Leukocytes are known
contributors to myocardial damage and neutrophil infiltration is
associated with damage caused by myocardial ischemia. Additionally,
increased neutrophil count is associated with greater blood viscosity
and hypercoagulability, which may contribute to worsened outcomes.
Further multi-institutional study is needed to determine the role of NLR
in the care of ECMO patients.
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Group 1 (n=71)

Group 2 (n=36)

p-value

6.79 ± 3.29
50.10 ± 15.38
1.81 ± 0.85
1.79 ± 1.96
29.17 ± 14.30
2.71 ± 0.63
7.31 ± 0.14
22.04 ± 6.00

27.03 ± 13.09
56.92 ± 13.38
2.06 ± 0.99
2.31 ± 2.51
39.67 ± 19.45
2.55 ± 0.64
7.32 ± 0.14
23.72 ± 5.50

0.001
0.026
0.150
0.607
0.002
0.323
0.903
0.165
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Longitudinal Neutrophil to Lymphocyte Ratio Assessment After Left
Ventricular Assist Device Implantation
G. Bhat, K. Ibrahim, A. Tatooles, G. L. Yost. Center for Heart Transplant
and Assist Devices, Advocate Christ Medical Center, Oak Lawn, IL.
Study: Inflammatory processes are well characterized risk factors in
advanced heart failure. Previous studies have utilized individual white cell
subtypes in risk analysis, and recent study has focused on the neutrophil
to lymphocyte ration (NLR) in evaluating risk for negative outcomes following left ventricular assist device (LVAD) implantation. To investigate
the interaction between the LVAD and white cell counts, we assessed
longitudinal changes in NLR following LVAD.
Methods: This retrospective study included 100 patients who underwent
LVAD implantation between 2012–2013. NLR was calculated prior to LVAD
implantation, daily for the first 30 postoperative days, and at the first 2
postoperative outpatient visits. Preoperative demographic and clinical
data were collected for all patients.
Results: This group of advanced heart failure patients had mean age
58.1 ± 13.7 years and included 76% males. The etiology of heart failure
was ischemic in 52% of the patients, 63% had hypertension, and 44%
were diabetic. The mean BMI was 28.2 ± 5.8 kg/m2. The mean NLR immediately before LVAD was 5.2 ± 4.9. After surgery, the mean NLR decreased
asymptotically, from a peak of 29.2 on postop day 1, to 4.1 at the second
outpatient visit (p<0.001)(Figure 1). While the minimum postoperative
NLR was 0.9 lower than the preoperative mean, the difference was not
statistically significant (p=0.12). Our results indicate a significant inflammatory response to surgical implantation of the LVAD device, a known
effect. The magnitude of this response may be effectively and easily monitored over time using the NLR. In general, nearly 30 days are required for
NLR to return to preoperative levels. While not statistically significant,
a reduction in NLR from preoperative levels was seen at the second
outpatient visit, an average of 102 days after implantation. It is possible
that this reduction reflects the reversal of various heart failure mediated
inflammatory processes following LVAD implantation.
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International Analysis of LVAD Point-of-care vs Plasma INR: a
Multicenter Study
S. Schettle,1 T. Schlöglhofer,2 D. Zimpfer,2 H. Schima,2 F. Kaufmann,3
A. Salimbangon,4 J. Wolforth,5 S. Schroeder,6 B. Ritchie,7 L. Staley,8 N.
Pereira,9 J. Stulak.1 1Cardiovascular Surgery, Mayo Clinic Rochester,
Rochester, MN; 2Cardiac Surgery, Medical University of Vienna, Vienna,
AUSTRIA; 3German Heart Institute, Berlin, GERMANY; 4Cardiovascular
Surgery, UCLA, Los Angeles, CA; 5Mayo Clinic Rochester, Rochester, MN;
6
Bryan Heart, Lincoln, NE; 7Pharmacy, Mayo Clinic Rochester, Rochester,
MN; 8Mayo Clinic Arizona, Phoenix, AZ; 9Cardiology, Mayo Clinic
Rochester, Rochester, MN.
Study: International Normalized Ratio (INR) measurement is necessary
to reduce risks of bleeding and clotting sequelae in the left ventricular
assist device (LVAD) population. Studies suggest that point-of-care (POC)
INR does not significantly differ from plasma INR (P-INR) values in other
patient populations, though this has not been validated in a multicenter
LVAD study. We sought to determine whether POC-INR and P-INR values
differ significantly in the LVAD population.
Methods: We reviewed patients with permanent LVAD implantation from
10/2008 to 11/2016 at six institutions internationally. Our cohort was
comprised of 234 paired POC-INR and P-INR checks obtained on average
653 ± 612 days post implant with HeartWare (54.3%, n=145), HeartMate
II (33.7%, n=90), HeartMate III (8.2%, n=22), and unknown device (3.7%,
n=10) in a population averaging 58.2 years of age and 88.7% male gender.
Results: We found no statistically significant difference (0.074 ± 0.39)
between POC-INR and P-INR values with a correlation coefficient of 0.89
(r2=0.79, p=0.01). The mean time between POC-INR and P-INR was 3
hours and 10 min (ranging from 0 min to 14 hours 27 min). INR accuracy
correlated weakly with the time between INR measurements, r=0.24
(r2=0.06, p<0.001). When time difference is less than 4 hours, the difference between INR pairs is significantly lower than measurements greater
than 8 hours (0.05 vs 0.32, p=0.012). There was no statistically significant
difference when comparing paired INR values and time after implant to
INR check (p=0.53), age (p=0.09), known coagulopathy (p=0.14), bleeding
history (p=0.31), or thrombosis history (p=0.38). This is the first large
multicenter international study of all presently available durable LVADs
comparing POC-INR and P-INR measurements and identifies no statistically significant difference between either method, particularly when
measured within less than 4 hours of each other.
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High Oxygen Partial Pressure Generates Reactive Oxygen Species and
Pro-inflammatory Cytokines During Cardiopulmonary Bypass
Y. Fujii,1 Y. Takewa,2 E. Tatsumi,2 T. Oite.1 1Department of Cilical
Engineering and Medical Technology, Niigata University of Health and
Welfare, Niigata, JAPAN; 2Department of Artificial Organs, National
Cerebral and Cardiovacular Center Research Institute, Suita, JAPAN.

Towards the Perfect Fit of VADs: Virtual Fitting and Hemodynamic
Investigation
S. J. Sonntag,1 M. Neidlin,2 S. Groß-Hardt,3 K. Hugenroth,3 U. Steinseifer,2
T. A. Kaufmann.3 1enmodes GmbH, Aachen, GERMANY; 2Cardiovascular
Engineering, Institute of Applied Medical Engineering, RWTH Aachen
University, Aachen, GERMANY; 3RWTH Aachen University / enmodes
GmbH, Aachen, GERMANY.

Study: Cardiopulmonay bypass (CPB) is indispensable for cardiac surgery.
Generally, the blood of patient is exposed to hyperoxic air via oxygenator and maintained in hyperoxic condition during CPB. The purpose of
this study is to investigate whether hyperoxic condition aggravates the
systemic inflammatory response during CPB.
Methods: The CPB system consisted of a membranous oxygenator
(polypropylene, 0.03 m2), tubing line (polyvinyl chloride, φ2.0 mm) and
roller pump. Priming volume of this system is 15 ml. Rats were divided
into a SHAM group (n=5), a hyperoxia CPB group (n=8, PaO2 > 400 mm
Hg), and a normoxia CPB group (n=8, PaO2: 100–150 mm Hg). CPB pump
flow was initiated and maintained at 60 ml/kg/min. Blood samples were
collected before (baseline), 60 min and 120 min after initiation of CPB.
We measured the serum cytokine levels of tumor necrosis factor-α, interleukin (IL)-6.We also performed dihydroethidium (DHE) stain reflecting
superoxide generation in the lung and liver tissues 120 min after the CPB
initiation.
Results: During CPB, blood pressure and Hb were maintained around 70
mmHg and 10g/dl, respectively. In the normoxia CPB group, the increases
in the pro-inflammatory cytokines were significantly suppressed by 30–40
% compared with the hyperoxia CPB group. In addition, the DHE fluorescence predominantly increased in the hyperoxia group compared with
that in the normoxia group. These data suggest that it is better to avoid
too much oxygen insufflation for attenuating organ damage associated
with the superoxide production and inflammatory responses during CPB.

Study: Proper insertion is a crucial component of VADs regarding adverse
events. Malposition during the surgery, post-op pump migration, inflow
obstruction and RV compression are major reasons preventing adequate
support over a long period. Additionally, cannulation introduces an interference with the intraventricular flow. As various designs and implantation procedures are possible, it is important to gain better understanding
of the anatomical fitting of the pump and occurring flow phenomena in
the ventricle.
Methods: To investigate the fitting of a commercial centrifugal LVAD,
virtual implantations was performed based on CT scans of representative
patients. The imaging data was segmented to create detailed virtual 3D
models of the anatomy. This allowed investigation of spatial constraints
for a wide range of patients and iterative design improvements. Analysis
of hemodynamics was performed with a computational fluid dynamics
model of the LV. Results were evaluated for different implantation strategies regarding flow configurations, wall shear stresses (WSS) and risk for
thrombosis in the LV and inflow cannula.
Results: Virtual fitting and design adjustments allowed optimal placement
of the pump for a wide range of patients with the aim of reducing the risk
of inflow obstruction and pump migration, and avoiding RV compression
by the outflow graft. Higher insertion length of the inflow cannula lead to
increased WSS values (45%), reduced kinetic energy of the LV (65%) and
higher thrombus risk.
As a support to conventional cadaver studies, virtual fitting is a beneficial and economical way to include large sets of patients to reveal areas
for design improvement. Additionally, virtual fitting can be performed
prior to the intervention to determine the optimal implantation strategy
or device choice. Malpositioning or improper design of the device may
obstruct the physiologic flow which ultimately deteriorates the hydraulic
performance of the heart or may lead to increased risk of adverse events.
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Continuous-flow Left Ventricular Assist Device Therapy in Adult Patients
with Transposition of the Great Vessels
T. Sugiura, C. Kurihara, M. Kawabori, A. C. Critsinelis, W. E. Cohn, A. B.
Civitello, O. H. Frazier, J. A. Morgan. Texas Heart Institute, Houston, TX.
Study: An increasing number of patients with end-stage congenital heart
disease are surviving into adulthood. In adult patients with congenitally
corrected transposition of the great arteries (CCTGA) and s/p atrial switch
transposition of the great arteries (TGA), implanting a continuous-flow
left ventricular assist device (CF-LVAD) can be challenging because of
these patients’ unique anatomic and physiologic abnormalities. We examined the outcomes of CF-LVAD implantation in 3 such patients.
Methods: We reviewed the charts of 526 patients who underwent
primary implantation of a CF-LVAD at our center from November 2003
through March 2016. Records were reviewed to evaluate preoperative
demographics, incidence of postoperative complications, and long-term
survival.
Results: Three adult male patients with transposition of the great vessels
were implanted CF-LVADs. All 3 patients had undergone cardiac repair
surgery during childhood. Patient 1 (age 49 y) underwent HeartWare
CF-LVAD implantation as a bridge to heart transplantation for CCTGA. The
patient suddenly died of stroke 4 years after implantation. Patient 2 (age
44 y) received a HeartMate II CF-LVAD as destination therapy for CCTGA
concomitant with dextrocardia. He had a long, complicated postoperative
course and was discharged 6 months postoperatively. Patient 3 (age 34 y)
underwent HeartMate II implantation as a bridge to heart transplantation
for TGA that had been previously treated with a Mustard operation. He
underwent heart transplantation 6 years after initial CF-LVAD implantation. The CF-LVAD implantation can be a viable treatment option in
patients with transposition of the great vessels. As more patients with
congenital heart disease survive into adulthood, CF-LVAD therapy may
prove of clinical benefit among patients with end-stage heart failure past
surgical therapy with transposition of the great vessels.
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being hypocoagulable and hyperthyroidism being hypercoagulable.
Although coagulopathic events have been assessed in thyroid disorder
patients, the complication rates among thyroid disorder patients that
receive an LVAD have not yet been evaluated.
Methods: All LVAD patients implanted at a single-center from 2010–2016
with known thyroid disorder were retrospectively reviewed and compared to non-thyroid disorder (NTD) patients. Patients were stratified
as hyperthyroid disorder (HyperTD) and hypothyroidism (HypoTD). Four
patients were found to have HyperTD (TSH<0.4 mlU/L) and 22 patients
had HypoTD (TSH>4.4).
Results: HypoTD had significantly higher rates of neurologic dysfunction. HypoTD and HyperTD had longer hospital lengths of stay while only
HypoTD had longer ICU length of stay.

Complications in Thyroid Disorder Patients with Left Ventricular Assist
Devices
H. J. Voorhees,1 E. N. Sorensen,1 L. M. Dees,2 E. D. Feller.3 1Clinical
Engineering, University of Maryland Medical Center, Baltimore, MD;
2
Division of Cardiac Surgery, University of Maryland Medical Center,
Baltimore, MD; 3Division of Cardiology, University of Maryland School of
Medicine, Baltimore, MD.
Study: Left ventricular assist devices (LVADs) are a widely used treatment
for end stage heart failure that require anticoagulation and are associated with coagulopathic complications. Thyroid disorder patients are also
known to have coagulopathic complications with hypothyroid patients

Complication Rates and LOS Among Thyroid Disorder Patients
Event
Neurologic (CVA, TIA)
Bleeding
Areterial or Venous Thrombus
Pump Thrombus
RVAD
Not Discharged
ICU LOS (days)
Hospital LOS (days)

HypoTD (n=22_

HypoTD Relative Risk

HyperTD (n=4)

HyperTD Relative Risk

NTD (n=99)

9 (40.9%)
14 (63.9%)
5 (22.7%)
3 (13.6%)
3 (13.6%)
4 (18.2%)
12 (+/-45.0)
62.5 (+/-60.7)

3.34
1.40
1.79
0.88
0.96
1.00
-

1 (25%)
3 (75%)
1 (25%)
2 (50%)
0 (0%)
0 (0%)
7 (+/-22.5)
54.5 (+/-37.1)

1.61
2.40
2.02
5.60
-

17 (17.2%)
55 (55.6%)
14 (14.1%)
15 (15.2%)
14 (14.1%)
18 (18.2%)
8 (+/-67.3)
45.5 (+/-67.3)
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Concomitant Mitral Valve Procedures at the Time of Continuous-flow
Left Ventricular Assist Device Implantation in Patients with Preoperative
Severe Mitral Regurgitation
C. Kurihara, T. Sugiura, A. C. Critsinelis, W. E. Cohn, A. B. Civitello, O. H.
Frazier, J. A. Morgan. Texas Heart Institute, Baylor College of Medicine,
Houston, TX.

Impact of Diuretic Dosage on Post-operative Right Heart Failure in LVAD
Patients
J. Wu,1 M. Abdel-Rasoul,2 D. Logan,2 A. McDavid,2 S. Moffatt-Bruce,2
A. Kilic.2 1Ohio State University College of Medicine, Columbus, OH; 2The
Ohio State University Wexner Medical Center, Columbus, OH.
Study: Right ventricular failure and failure of volume control affects up
to 20% of patients after left ventricular assist device (LVAD) implantation. This is most often managed through the use of diuretics. However,
diuretic regimens post-LVAD implantation vary greatly and outcomes relative to diuretic usage are unknown. The goal of this study was to determine whether higher doses of furosemide, a commonly used diuretic,
helps patients gain better volume control.
Methods: Patients implanted with a primary LVAD between January 2013
and April 2016 (n=113) were retrospectively identified and categorized
based on whether they received high doses (≥ 240mg/day) or low doses
(<240 mg/day) of furosemide in the two-week post-operative period.
Baseline patient characteristics were collected and a chi-square analysis
was completed to determine whether diuretic dosage was predictive of
right heart failure. In our study, right heart failure was defined as requiring continued inotrope administration >14 days post-operatively or right
ventricular assist device (RVAD) implantation.
Results: A total of 83 patients were categorized as receiving low dose
diuretics and 30 patients as high dose. Baseline kidney function (GFR,
serum creatinine, BUN) was similar between both groups. 12 of the 83
patients (14.46%) receiving low dose diuretics and 8 of the 30 patients
(26.67%) receiving high dose diuretics required either continued inotrope
administration or RVAD implantation.
Conclusion: High dose diuresis does not appear to have a direct effect
on patients requiring right heart support during the immediate postoperative period (p=0.1332). However, increasing diuresis to higher doses
appears related to increased right ventricular dysfunction. Further studies
are necessary to determine if RV failure drives the increased requirement
for diuresis.

Study: The purpose of this study was to analyze our single-center experience with continuous-flow (CF)-LVAD implantation for long-term support
to determine whether performing concomitant MVPs for patients with
preoperative severe mitral regurgitation (MR) impacted outcomes.
Methods: Between November 2003 and March 2016, 526 patients with
chronic heart failure underwent primary implantation of a CF-LVAD at
our center. We reviewed the records of the patients who had severe
MR at the time of implantation to determine whether a MVP had been
performed and to assess survival outcomes. Then, the outcomes of the
patients who underwent concomitant MVP were compared to those of
the patients who underwent isolated CF-LVAD implantation.
Results: Of the 526 patients who underwent CF-LVAD implantation,
108 had preoperative severe MR. Of those 108 patients, 25 underwent
a concomitant MVP. Four types of MVPs were performed: (1) simple
Alfieri stitch (n=22), (2) mitral valve replacement (n=1), (3) mitral valve
annuloplasty and Alfieri stitch (n=1), and (4) open mitral valve commissurotomy (n=1). Patients who underwent CF-LVAD implantation with and
without a concomitant MVP showed no significant difference in survival
at 6 months (73.1 vs 78.0%, P=0.60), 12 months (61.5 vs 72.0%, P=0.32)
or 24 months (61.5 vs 69.5%, P=0.45) after implantation. These patients
also showed no significant difference in overall survival (Figure, P=0.62).
Cox proportional hazard analysis showed severe MR was not a significant
predictors of postoperative mortality in this cohort study (hazard ratio,
0.84; 95% confidence interval, 0.59–1.21; P=0.37). Our data suggest a lack
of benefit in survival outcome associated with performing a concomitant
MVP. However, additional analysis is required to evaluate its potential role
with bridge to recovery patients.
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Effect of Left Ventricle Size on LVAD Thrombosis Risk
V. Chivukula,1 J. A. Beckman,2 A. Prisco,3 J. Pal,4 J. Smith,4 J. Hermsen,4
N. Mokadam,4 C. Mahr,2 A. Aliseda.1 1Mechanical Engineering, University
of Washington, Seattle, WA; 2Division of Cardiology, University of
Washington, Seattle, WA; 3Department of Medicine, University of
Minnesota, Minneapolis, MN; 4Division of Cardiothoracic Surgery,
University of Washington, Seattle, WA.

Influence of Systemic Blood Pressure and LVAD Speed on
Thrombogenicity of LVAD Therapy
V. Chivukula,1 J. Beckman,2 A. Prisco,3 J. Smith,4 J. Pal,4 J. Hermsen,4
N. Mokadam,4 A. Aliseda,1 C. Mahr.2 1Mechanical Engineering, University
of Washington, Seattle, WA; 2Division of Cardiology, University of
Washington, Seattle, WA; 3Department of Medicine, University of
Minnesota, Minneapolis, MN; 4Division of Cardiothoracic Surgery,
University of Washington, Seattle, WA.

Study: Left Ventricular Assist Devices (LVAD) are increasingly used in
medical- therapy refractory heart failure (HF), in the face of a growing
patient population and stagnant donor supply. Differing intra-ventricular
hemodynamics strongly influence the biomechanical environment experienced by platelets as blood traverses the left ventricle (LV), affecting
the biocompatibility of LVAD therapy. The one-size-fits-all paradigm of
LVAD inflow cannulae ignores this effect, and we hypothesize that LV size
strongly influences platelet environment, influencing thrombogenicity
through its impact on LV hemodynamics.
Methods: Unsteady computational fluid dynamics is used in conjunction with patient-derived computational modeling and virtual surgery in
left ventricular models with a standard LVAD inflow cannula positioned
apically. A dual focus approach is employed for evaluating thrombogenicity: platelet-based (Lagrangian) metrics for characterizing the platelet
environment, and flow-based (Eulerian) metrics to investigate the risk of
adverse events. Left ventricular end diastolic dimensions (LVEDd) ranging
from 4.5 cm - 8.5 cm are studied and ranked according to their relative
thrombogenic potential given a fixed inflow cannula geometry and LVAD
flow rate.
Results: Over 100,000 platelets are individually tracked in each patientderived anatomical LV model over 15 cardiac cycles. As LV size decreases,
platelets experience markedly increased stress histories (SH), while platelet residence time (RT) in the LV strongly increase with size. The complex
interplay between increased SH, longer RT and platelets trapped in spaces
between the ventricular walls and the inflow cannula have profound
implications on thrombogenicity, potentially precipitating intraventricular
thrombus formation. Thus, LV size has a significant effect on intraventricular hemodynamics affecting the platelet micro-environment. This
anatomical factor and its sequelae should be considered in VAD therapy
decision making.

Study: Left Ventricular Assist Device (LVAD) utilization is increasing as
therapy for refractory end-stage heart failure (HF), with 1 year survival
approaching 90%. Neurological events remain the most devastating
complication of VAD support. Hemodynamics in the aortic arch, great vessels and peripheral circulation are strongly influenced by the coupling of
systemic blood pressure and LVAD speed. This study quantifies the impact
of the interplay of afterload and LVAD speed on biocompatibility, via comparative thrombogenicity, to enhance clinical decision making in determining optimal VAD speed and mean arterial pressure (MAP) targets.
Methods: Unsteady computational fluid dynamics are used in combination with virtual surgery to analyze 3D patient-specific models of the aortic arch and great vessels coupled with models of systemic and peripheral
resistance, to elucidate the dependency of flow on blood pressure. LVAD
H-Q curves are incorporated into the model to reflect pump response to
changing afterload and rotational speed. Novel (Lagrangian) residence
time (RT) and shear stress histories (SH) from platelet trajectories are
used, in conjunction with traditional flow-based (Eulerian) metrics such
as and oscillatory wall shear stress, to characterize the hemodynamic
environment and evaluate composite thrombogenicity.
Results: Statistics collected from over 100,000 platelets and over 10
cardiac cycles show a significant influence of LVAD speed and afterload
on thrombogenicity, due to both flow rate alteration as well as hemodynamic patterns in the vasculature. Residual native contractility and MAP
affect the response of the LVAD, which is designed to maintain a constant
rotational speed. These hemodynamic changes affect platelets, which
are exposed to large magnitudes of oscillating hemodynamic stress, thus
increasing the risk of platelet activation and aggregation. Suboptimal MAP
control and excessive VAD speed impair biocompatibility and increase the
risk of thrombosis.
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LVAD Outflow Graft Size Impacts Thrombogenic Potential
V. Chivukula,1 J. Beckman,2 A. Prisco,3 J. Smith,4 J. Hermsen,4 J. Pal,4
N. Mokadam,4 C. Mahr,2 A. Aliseda.1 1Mechanical Engineering, University
of Washington, Seattle, WA; 2Division of Cardiology, University of
Washington, Seattle, WA; 3Department of Medicine, University of
Minnesota, Minneapolis, MN; 4Division of Cardiothoracic Surgery,
University of Washington, Seattle, WA.

Cannula and Pump Position is Associated with Left Ventricular
Unloading and Clinical Outcome in Patients with HeartWare Ventricular
Assist Device
T. Imamura,1 S. Adatya,1 B. Chung,1 A. Nguyen,1 D. Rodgers,1 G. Sayer,1 N.
Sarswat,1 G. Kim,1 J. Raikhelkar,1 T. Ota,2 T. Song,2 C. Juricek,2
D. Medvedofsky,1 V. Jeevanandam,2 R. Lang,1 J. D. Estep,3 D. Burkhoff,4
N. Uriel.1 1Division of Cardiology, University of Chicago Medicine,
Chicago, IL; 2Division of Surgery, University of Chicago Medicine, Chicago,
IL; 3Department of Cardiology, Houston Methodist, Weill Cornell Medical
College, Houston, TX; 4Columbia University Medical Center, New York, NY.

Study: The prevalence of medical-therapy refractory advanced heart
failure, coupled with a stagnant donor pool have resulted in increased use
of Left Ventricular Assist Devices (LVADs). Cerebrovascular events are the
most devastating complications of VAD support. Hemodynamics in the
aortic root and great vessels feeding the cerebral circulation vary greatly
between patients, and are strongly influenced by LVAD outflow graft flow
patterns. This study quantifies the effect of outflow graft diameter at
optimal anastomosis angles, on overall thrombogenicity.
Methods: Unsteady computational fluid dynamics (CFD) are used in
combination with virtual surgery to analyze flow inside 3D patient-specific
models of the aortic arch and great vessels for two different LVAD outflow
graft diameters (10 and 14 mm) and anterior-posterior angles. Novel
platelet-based (Lagrangian) metrics utilizing platelet residence time (RT),
shear stress histories (SH) and platelet trajectories characterize the hemodynamic environment and evaluate thrombogenicities using rigorous
statistical methods over hundreds of thousands of platelet trajectories.
This is used in combination with traditional flow-based (Eulerian) metrics
such as high/low wall shear stress (WSS), WSS gradient and oscillatory
WSS, to assess LVAD biocompatibility.
Results: Hemodynamic parameters averaged over 10 cardiac cycles
show a complex dependence of outflow graft diameter and flow rates.
Peak WSS on the ostia of the great vessels and contralateral aortic wall
is reduced in the 14 mm (vs 10 mm) outflow graft diameter. Recirculation regions at the base of the aortic root are influenced by outflow graft
diameter and anastomosis angle, in addition to intermittent aortic valve
(AV) opening. Platelet trajectory statistics, fully converged, reveal a strong
dependency of both RT and SH on outflow graft diameter, which impacts
overall biocompatibility.

Study: Cannula and pump positions are associated with clinical outcomes
such as device thrombosis in patients with HeartMate II. However, clinical
implication of HVAD cannula position is thus far unknown. This study
aimed to assess the relationship among cannula and pump positions, left
ventricular unloading and patient prognosis.
Methods: HVAD patients enrolled into the prospective echocardiographic
hemodynamics database were evaluated for pump position. Device position was quantified from chest X-ray (Fig1a and 1b) by coronal angle of
cannula (A), depth of pump (B), sagittal angle of cannula (C) and pump
area (D). Patients with suspected device thrombosis were excluded.Survival and heart failure readmission rates during 1-year observation period
were assessed by Kaplan-Meier analyses.
Results: Twenty-seven HVAD patients (60.0 ± 12.6 years old and 16 male
[59%]) underwent a ramp test. Lower cannula coronal angle was associated with better left ventricular unloading at the set speed (i.e., smaller left
ventricular diastolic dimension and lower pulmonary capillary wedge pressure at set HVAD speed). Smaller pump area was associated with better left
ventricular dynamic unloading (higher left ventricular diastolic dimension
slope and pulmonary capillary wedge pressure slope during rotational speed
change). Among 4 device position parameters, coronal angle of cannula ≤65
degree was associated with better survival and less heart failure readmission
(Fig 1c; hazard ratio, 7.593; p=0.003 by log-rank test). In conclusion, HVAD
cannula and pump positions are associated with left ventricular unloading
and clinical outcome. Surgical techniques to ensure optimal device positioning on prospective study of clinical outcomes is warranted.
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3D Printed Mitral Valve Models: Realistic Surgical Simulation
N. Premyodhin, D. Mandair, A. Ferng, T. S. Leach, R. P. Palsma,
Z. Khalpey. Department of Surgery, University of Arizona, College of
Medicine - Tucson, Tucson, AZ.

The Influence of Anastomosis Angle of Outflow Graft to Aorta on
Hemodynamics of Aortic Valve Regurgitation in Left VentricularAssist
Device Support
K. Iizuka,1 T. Nishinaka,2 H. Sumikura,1 T. Mizuno,1 T. Tsukiya,1 Y. Takewa,1
K. Yamazaki,2 E. Tatsumi.1 1Department of Artificial Organs, National
Cerebral and Cardiovascular Center, Osaka, JAPAN; 2Department of
Cardiovascular Surgery, Tokyo Women’s Medical University, Tokyo, JAPAN.

Study: Three-dimensional (3D) printed anatomical models are increasingly being evaluated in pre-surgical planning and education. In the
context of mitral valves, using models with life-like tissue feel that can be
produced in a rapid, affordable manner may enhance surgeon confidence
in mitral valve repair techniques over the complete replacement of
mechanical valves. We aimed to create an affordable, rapid workflow for
the creation of models of mitral valves with realistic tissue feel that mimic
real patient pathology. This workflow required the integration of 3D printing with existing imaging modalities.
Methods: 3D-TEE images were collected from patients and imported into
a medical image segmentation software (Materialise Mimics 11.0, Leuven,
Belgum). Manipulations within the software were performed to yield 3D
printable molds. We used polyvinyl alcohol (PVA), a dissolvable thermoplastic, to 3D print these molds that were casted with liquid platinum
cure silicone. Silicone molded mitral valve models were fabricated for two
morphologies: the normal mitral valve and the P2 flail. The molded valves
were plication and suture tested in a laparoscopic trainer box with a Da
Vinci Si robotic surgical system.
Results: Valves produced with the molding and casting method maintained anatomical dimensions within 3% of directly 3D printed acrylonitrile butadiene styrene (ABS) controls for both morphologies. One
cardiothoracic surgery fellow and one attending physician qualitatively
evaluated the ability of the valves to recapitulate tissue feel through
anonymous surveys utilizing the 5-point Liekert scale with mean scores
corresponding with a high level of perceived utility (4.1 / 5) and realism
(4.0 / 5) with lower scores for tensile strength (3.5 / 5).
Conclusion Molding fabrication techniques can be leveraged to produce
affordable, high-quality educational models for technical training that are
accessible while having positive impacts on confidence and proficiency.

Study: Aortic valve regurgitation (AR) is a worrisome problem in left
ventricular assist device (LVAD) support, which can cause LVAD-LV recirculation. Many studies indicated that anastomosis design of outflow graft
could influence on occurrence of AR. In our previous study, we demonstrated that the angle of outflow graft to the aorta (O-A angle) had an
impact on progression of AR in LVAD patients. In order to investigate the
details of how the O-A angle influences on hemodynamics in presence of
AR, we performed acute animal experiments.
Methods: Four calves underwent a continuous-flow LVAD (EVAHEART)
implantation through median sternotomy. An outflow graft was sutured
to the ascending aorta. A custom-made O-A angle regulating supporter
was placed on the aorta, and O-A angle was changed to 45, 90, 135
degrees (Figure 1). Cardiac dysfunction was induced by continuous infusion of a beta blockade. The AR model was established by placing a vena
cava filter in aortic valve. We evaluated the hemodynamics and cardiac
oxygen metabolism (pulmonary artery flow; PAF, pump flow; PF, Coronary
artery flow; CoF, and oxygen extraction rate; O2ER) of the LVAD-AR model
at three different O-A angle (45, 90, 135 degrees) and three degrees of AR
(none, mild, severe).
Results: PF didn’t change in any setting. PAF maintained at any O-A angle
in none AR and in mild AR, however it decreased at larger O-A angle in
severe AR, indicating that LVAD-LV recirculation increased at larger O-A
angle in severe AR. CoF increased at larger O-A angle in none AR, while it
decreased at larger O-A angle in mild AR and in severe AR. The magnitude of CoF decrease was greater in severe AR than in mild AR. O2ER
maintained at any O-A angle in none AR and in mild AR, but it increased
at larger O-A angle in severe AR.In conclusion, large O-A angle, creating
more counter flow against native heart outflow, can increase the LVAD-LV
recirculation in presence of severe AR, and can worsen cardiac oxygen
metabolism.
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Thrombogenic Potential of Altered Hemodynamics at the Left
Ventricular Apex-LVAD Cannula Interface: a Numerical Study
A. Apostoli,1 V. Bianchi,1 M. Selmi,1 E. Votta,1 G. Melisurgo,2 F. Pappalardo,3
M. J. Slepian,4 A. Redaelli,1 F. Consolo.3 1Dept. of Electronics, Information
and Bioegnieering, Politecnico di Milano, Milano, ITALY; 2Anesthesia and
Cardiothoracic Intensive Care, IRCCS San Raffaele Scientific Institute,
Milano, ITALY; 3Anesthesia and Cardiothoracic Intensive Care, Universitá
Vita Salute - IRCCS San Raffaele Scientific Institute, Milano, ITALY; 4Dept. of
Medicine and Biomedical Engineering, Sarver Heart Center, The University
of Arizona, Tucson, AZ.

Trend Analysis of the Recent Redemption Price of the Medical Devices in
Japanese Insurance System
E. Akagawa, E. Tatsumi. Intellectual Asset Management, National
Cerebral & Cardiovascular Center, Suita, JAPAN.
Study: How the prices of medical devices to be commercialized are determined is different between Europe, the United States and Japan. The
price of medical devices in Japan cannot be set by companies themselves,
and it is also set publicly in consideration with that of medical devices
in foreign countries and cost of material, development, distribution and
so on. On the other hand, there are not so much report which has been
analyzed the tendency of recent redemption prices of medical devices in
Japan. The objective of this study is to obvious recent trends of redemption price of the medical devices in Japanese insurance system.
Methods: As for medical devices which redemption prices were listed in
Japanese medical insurance system, 32 cases which were extracted from
the recent published data were analyzed. In particular, these insurance
redemption price, foreign average price, and corporate desired redemption price were focused and were examined.
Results: In these results, the redemption prices listed in Japanese insurance system were about 0.9 times the corporate desired redemption
prices, and the redemption prices tended to linearly increase with rise in
corporate desired redemption price (r = 0.99). In addition, the redemption price listed in Japanese insurance system were about 0.75 times
the foreign average prices, and the redemption prices tended to linearly
increase with rise in the foreign average prices (r = 0.97). In conclusion,
it was suggested that the redemption price listed in Japanese insurance
system was correlated with corporate desired redemption price and with
foreign average price.

Study: Left Ventricular Assist Device (LVAD) support, despite affording
increased survival for patients with advanced systolic heart failure (HF),
remains limited by post-implant pump thrombosis. Thrombus formation
has been observed to occur at the Left Ventricle (LV) apex-LVAD inflow
cannula interface, where altered hemodynamics is characterized by low
Wall Shear Stress (WSS), which may trigger an activated prothrombotic
phenotype of endothelial cells (ECs) with associated platelet activation,
adherence and progressive thrombosis.
We present a computational method to compute LV hemodynamics and
WSS distribution over consecutive cardiac cycles for both healthy and failing LVs, to evaluate the associated thrombogenic potential.
Methods: Patient specific LV geometrical models were reconstructed
from 3D TT-ECHO as follows: a) healthy, with ejection volume (EV) of
70 ml; b) failing HF with residual 50% EV (35 ml); c) failing HF with no
residual EV + LVAD inflow cannula.
Dynamics of the cardiac cycle were simulated in ANSYS Fluent. The LV wall
motion was set through mesh motion User Defined Functions, allowing to
model contraction and twist during systole, expansion and untwist during
diastole (Fig1A)
Results: WSS in the apical region was one order of magnitude greater for
the healthy LV compared to that of the HF LVs (with/without LVAD, Fig1B),
demonstrating that reducing the LV contractility results in reduced WSS.
The HF LV + LVAD model revealed a further decrease in WSS (Fig1B). In
addition, the presence of the cannula largely altered the LV apex hemodynamics: the velocity magnitude was < 0.1 m/s, revealing the presence of a
region of stagnation - i.e. a critical prothrombotic condition. Hemodynamics in the LVAD-implanted LV showed the highest thrombogenic potential,
consistent with clinical observations.
Our model provides mechanistic insights into the thrombogenic risk of
LVAD patients and the significance of the LV apex-LVAD interface as a
nidus of thrombosis
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Optimal Cannula and Pump Position Associating with Better Left
Ventricular Unloading and Clinical Outcome in Patients with HeartMate
II Ventricular Assist Device
T. Imamura,1 S. Adatya,1 B. Chung,1 A. Nguyen,1 D. Burkhoff,1 G. Sayer,1 N.
Sarswat,1 G. Kim,1 J. Raikhelkar,1 T. Ota,2 T. Song,2 C. Juricek,2
D. Medvedofsky,1 V. Jeevanandam,2 R. Lang,1 R. L. Estep,3 D. Burkhoff,4
N. Uriel.1 1Division of Cardiology, University of Chicago Medicine, Chicago,
IL; 2Division of Surgery, University of Chicago Medicine, Chicago, IL;
3
Division of Cardiology, Houston Methodist, Weill Cornell Medical College,
Houston, TX; 4Columbia University Medical Center, New York, NY.
Study: Relationship between cannula and pump positions and device
thrombosis in patients with HM II has been reported. However, clinical
implication of device position for LV unloading and prognosis is unknown.
This study aimed to investigate the impact of cannula position on LV
unloading and prognosis in patients implanted with HM II.
Methods: HM II patients who underwent a ramp test with simultaneous
echocardiography and right heart catheterization were enrolled into a
prospective database. Patients with suspected device thrombosis were
excluded. Cannula position was assessed from chest X-ray obtained at the
timing of ramp test (Fig 1a and 1b): inflow cannula angle relative to spine
(A), pump angle relative to spine (B), pump depth (C), angle between
inflow cannula and pump (D) and angle between pump and outflow graft
(E). Survival and heart failure readmission rates during 1-year observation
period were assessed by Kaplan-Meier analyses.
Results: 54 HM II patients (60.9 ± 9.3 years old and 34 male [67%]) underwent ramp test. Improved dynamic LV unloading (higher PCWP slope
during incremental increases in speed) was associated with lower inflow
cannula angle relative to spine (A), higher angle between inflow cannula
and pump (D) and higher angle between pump and outflow graft (E). In
contrast, static LV unloading (lower PCWP at set rotational speed), was
associated with higher inflow cannula angle relative to spine (A). Among 5
device position parameters, inflow cannula angle >15 degree was associated with better survival rate and less heart failure readmission (Fig 1c;
hazard ratio 6.095, p<0.001 by log-rank test). In conclusion, HM II cannula
and pump positions were associated with LV unloading and patients prognosis. A prospective study to ensure optimal device positioning targeting
better clinical outcomes including patients prognosis is warranted.
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High-molecular-weight von Willebrand Factor Multimer Loss in Patients
on Short Term Mechanical Circulatory Support Devices
O. Volod,1 L. D. Lam,2 M. Goldfarb,3 J. Moriguchi,2 F. A. Arabia,2 L. S.
Czer.2 1Pathology and Laboratory Medicine, Cedars Sinai Medical Center,
Los Angeles, CA; 2Cedars Sinai Comprehensive Transplant Center, Cedars
Sinai Medical Center, Los Angeles, CA; 3Heart Institute, Cedars Sinai
Medical Center, Los Angeles, CA.

Geographic Distance Implications in LVAD Therapy Clinical Outcomes
D. L. Rees, H. Choi, A. Eisenbeiss, S. Stoker, B. B. Reid,
W. T. Caine, K. Graham, R. Alharethi, B. Y. Rasmusson, K. Afshar,
A. G. Kfoury. Intermountain Medical Center, Murray, UT.
Study: LVADs have proven survival benefit in select patients with endstage heart failure, but their ability to return to their communities, when
remote, is also an important milestone of care. The Western Intermountain region of the U.S. has fewer hospitals per square mile that provide
LVAD therapies in comparison to other parts of the country, leaving many
patients with the need to travel to receive appropriate care. This study
sought to determine whether geographic constraints impact outcomes
post LVAD implant.
Methods: The Artificial Heart Program database at Intermountain Medical Center (IMC) was queried for continuous flow LVAD patients implanted
between January 2012 and January 2016. Patients were stratified into
two groups depending on their proximity to IMC; patients in group 1
were located within the Wasatch Front geographical area (local), while
the patients in group 2 were located remotely (outside). Apart from basic
demographics, outcomes of interest included survival, pre- and postimplant hospitalizations and readmission rates.
Results: Group 1 consisted of 49 patients with an average age at implant
of 55 ± 13.5 years and an average INTERMACS score of 2.9. Group 2 consisted of 34 patients with an average age of 57 ± 12.9 years and an average INTERMACS score of 2.8 at implant. Kaplan-Meier survival (shown in
figure below), pre-implant hospitalization days (p=0.228), post-implant
hospitalization days (p=0.256), and readmission rates (p=0.248) were
similar in each group.

Study: Bleeding immediately after implant and during support in patients
on Short Term Mechanical Circulatory Support Devices (STMCSD) is not
uncommon. Acquired von Willebrand Disease (vWD) due to loss of high
molecular weight multimers (HMWM) have been reported with LVAD
and TAH. Little is known whether a similar defect occurs in patients on
STMCSD with mucosal bleeding, a primary hemostasis type of bleeding.
Methods: We reviewed von Willebrand Factor (vWF) profiles in patients
with STMCSD from 12/29/2015 to 12/28/2016 at an academic quaternary
care hospital who presented with mucosal bleeding (i.e. epistaxis and gastrointestinal bleed) and underwent VWD workup. Laboratory and clinical
data were retrospectively evaluated.
Results: There were 17 patients with bleeding: 7 with Impella, 4 with
ECMO, and 6 with both ECMO and Impella. In all 17 patients quantitative
vWF multimer analysis showed significant loss of HMWM with a mean
of 4.1% ± 2.2 (18–34%) despite either normal or elevated vWF activity, fibrinogen, factor VIII or antigen level. All cases demonstrated high
normal or elevated level of low MWM. These findings are consistent with
type 2 vWD (qualitative defect). Mean time between device implant and
vWD work up: 3.82 days ± 2.67. Loss of HMWM occurred in all patients
on STMCSD and primary hemostasis type of bleeding.
Compared to our prior study for patients on LVADs and TAH, patients with
STMCSD had a more significant loss of HMWM 4.1% ± 2.2 vs. 12.4 ± 3.9
(normal range 18–34%).
Using quantitative vWF multimer analysis, we detected abnormalities that
would be missed with measurement of VWF activity and antigen alone
or global assays of hemostasis such as thromboelastogram and rotational
thromboelastometry.
This is the first study that describes Impella-associated HMWM loss,
which may contribute to bleeding. This may have further implications
for intraoperative management during durable device implantation or
orthotopic heart transplantation.

Conclusion: Findings from this study suggest that living remotely from the
LVAD implanting site does not adversely impact outcomes. This reinforces
the efforts to train local providers and EMS to be able, with the help of
the implanting centers, care for these patients after they return home.
In the presence of good collaboration between LVAD implanting centers
and remote referring providers, geographic distance alone should not
preclude patients from this life-saving treatment.
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Thrombus Formation in Chest Tubes: Histological Analysis and Highspeed Camera Visualization of Intraluminal Clot
J. H. Karimov, S. Okano, G. Sunagawa, M. Lobosky, B. Kuban, R. Dessoffy,
D. Horvath, K. Fukamachi. The Cleveland Clinic, Cleveland, OH.

Thromboelastography Platelet Mapping (TEG-PM) Based
Anticoagulation Protocol for Mechanical Circulatory Support Devices
(MCSD): a Follow Up Study
O. Volod,1 L. D. Lam,2 L. Aivazyan,3 D. Bunag,3 J. Kirkwood,3 H. Kay,3 L.
S. Czer,2 J. D. Moriguchi,2 J. A. Kobashigawa,2 F. A. Arabia.2 1Pathology
and Laboratory Medicine, Cedars Sinai Medical Center, Los Angeles, CA;
2
Cedars Sinai Comprehensive Transplant Center, Cedars Sinai Medical
Center, Los Angeles, CA; 3UCSF School of Pharmacy, San Francisco, CA.

Study: Clots in chest-drainage tubes hamper postoperative recovery.
Our motion-activated system (MAS) employs tube vibration to prevent
chest-tube clogging. We evaluated intraluminal clot formation in tubes
using high-speed camera imaging and post-explant histologic analysis of
thrombus.
Methods: Chest-tube clogging was tested (MAS vs. Control) in porcine
models of acute hemothorax (n=5). We visualized the blood-clogging pattern inside the entire chest tube (cross-section view), using a high-speed
camera (FASTCAM Mini AX200, 100-mm Zeiss lens). Separately, whole
tubes with blood clots were fixed with formalin-acetic acid solution and
cut into cross-sections, proceeded for H&E stained paraffin-embedded
tissue sections (MAS, n=11; Control, n=11), and analyzed.
Results: The images showed a device-specific intraluminal blood “swirling” pattern (Fig. 1A). Histology revealed a thin, string-like fibrin deposit,
which showed a spiral eddy and aggregate within the blood clots in
most sections of the MAS group (Fig. 1B), but not of Controls (Fig. 1C).
Histologic findings were compatible with high-speed camera views. Our
findings suggest that automated vibration produces a continuous spiral
blood flow within chest tubes (MAS vs. static Control), which contributes
to formation of a spiral string-like fibrin network during consumption of
coagulation factors. This spiral flow may (a) prevent formation of thick,
band-like fibrin deposits sticking to the chest-tube’s inner surface and
causing chest-tube clogging and (b) positively affect chest-tube patency
and drainage.

Study: TEG-PM allows for a personalized approach to optimize antithrombotic therapy and to minimize hematologic complications in MCS
patients. Based on our prior study, maximal amplitude arachidonic acid
(MA-AA) and adenosine diphosphate (MA-ADP) < 50 are desired target
parameters in patients on antiplatelet therapy. TEG-PM coagulation index
(CI) appeared to be the single most statistically significant parameter
that can be used to designate a patient as normocoagulable. Purpose:
Evaluate the validity of TEG-PM parameters proposed in our prior pilot
study. Correlate TEG-PM parameters with the hematologic events and
antithrombotic therapy.
Methods: This study evaluated patients (n = 59) implanted with LVAD (n
= 33) and a TAH (n = 26), who were initiated on antithrombotic therapy
from 12/2014 to 8/2016. Major bleeding events occurring > 14 days
postoperatively and any major thrombotic events were reviewed. TEG-PM
numerical variables were compared by the unpaired T-Test.
Results: TAH: Non-event (n=15) and event (n=8) groups had similar
baseline TEG-PM parameters. At the time of thrombotic events, the
event group was more hypercoagulable with CI of 2.58 (P = 0.05). MAADP
value was above the set goal of MAADP < 50, with a mean of 54.5. There
were no major hematological bleeding events postoperatively. LVAD:
Non-event (n=20) and event (n=6) groups had similar baseline TEG-PM
parameters. At the time of thrombotic event, the event group was clinically more hypercoagulable with mean CI value of 1.63 (target CI ≤ 1.5). 3
patients had major bleeding events post-operatively.
Conclusion: TEG-PM guided protocol decreases the incidence of major
bleeding events overall and post operatively: 3/52 (6%).
35/52 MCS patients (67%) guided by TEG-PM experienced no hematological events during study period.
TEG-PM has a prognostic utility: prior to the event, it suggested a hypercoagulable state with CI value above the targeted goal.

Fig. 1. A. Blood “swirling” view during MAS use. B. Thin fibrin band (arrow,
lower middle panel) on inner surface of a motion-activated tube. C. Thick
fibrin band (double-headed arrow, lower right) on inner surface of a static
tube.
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The Role of NOX4 (NADPH Oxidase 4) in Platelet Activation
N. Bajaj, Y. Shin, A. Harhash, Y. R. Moiia, M. Hutchinson, G. Messina, S.
Palumbo, L. Hecker, M. Slepian. University of Arizona, Tucson, AZ.
Study: Platelet activation and aggregation play a critical role in cardiovascular disease, the leading cause of death in the US. NADPH oxidase (NOX)
enzymes are a family of enzymes catalyzing the formation of reactive oxygen species (ROS). The role of NOX1 and NOX2 has been associated with
GPVI and G-protein-coupled receptor (GPCR) platelet activation pathways.
However, little is known about the role of NOX4 and platelet activation. In
this study, we assessed the effect of hemodynamic shear stress (HSD) on
NOX4 expression and ROS production in human platelets.
Methods: We exposed human gel filtered (GFP) platelets (from volunteers, not receiving aspirin or NSAIDS) to uniform flow shear in a
Hemodynamic Shearing Device (37 °C). Platelet samples were collected at
0, 5, and 10 minute time points during exposures to shear levels of 10, 30,
or 50 dynes/cm2. Platelet activity was measured using Platelet Activation
Assay (PAS). Platelet samples were collected at the same time for western
blot analysis of NOX4 expression, and permeabilizing reagent 2’,7’ -dichlorofluorescin diacetate (DCFDA) was used to measure intracellular ROS.
Furthermore, localization of NOX4 was observed via flow cytometry.
Results: NOX4 expression was increased in association with increased
shear exposure (See figure), with the highest expression being greater
than two times that of the basal levels under 50 dynes/cm2 shear at
5 minute exposure. Compared to basal levels of NOX4, the level of
shear-mediated activation also positively correlated with increased ROS
production. Our preliminary results with flow cytometry show that NOX4
is localized intracellularly in platelets. We demonstrated an increase in
NOX4 expression and ROS production in shear-mediated platelet activation. These findings raise the potential of NOX4 involvement in shearmediated platelet activation and contribute to a better understanding of
thrombosis and heart failure complications with the use of circulatory
assist devices.
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Non Coronary Aortic Valve Cusp Tear from Peripheral Imeplla When
Utilized as Left Ventricular Vent for Patients on Extra Corporeal
Membrane Oxygenation Support for Cardiogenic Shock
M. F. Masood,1 M. A. Mendiola-Pla,2 K. Balsara,1 A. Itoh.1 1Department of
Surgery / Division of Cardiac Surgery, Washington University in St. Louis /
Barnes Jewish Hospital, St. Louis, MO; 2Washington University in St. Louis
School of Medicine, St. Louis, MO.

Identifying the Origin of Gastrointestinal Bleeding in Left Ventricular
Assist Devices- Is Timing of the Essence?
A. Y. Choi,1 N. A. Mokadam,2 J. Beckman,2 J. Bjelkengren,2
C. Mahr.2 1Internal Medicine, University of Washington, Seattle, WA;
2
Cardiology, University of Washington, Seattle, WA.

MAT

Study: Left ventricular assist device (LVAD) related gastrointestinal bleeding (GIB) occurs in approximately 25% of patients with continuous flow
LVADs (CF-LVADs). Despite the high prevalence and morbidity, a definitive
source of GIB is frequently not found, causing great frustration for the
patient(s), patients’ guardians, and medical providers alike. There is limited data regarding best practice for CF-LVAD related GIB including ideal
timing of endoscopic and non-endoscopic procedures for the highest yield
of finding the origin of GIB. The purpose of this study is to investigate if
timing of endoscopic and non-endoscopic procedures is associated with
the likelihood of identifying the origin of GIB in patients with LVADs.
Methods: A total of 78 distinct patients with LVADs were identified to
have GIB between the years of 2005–2016 at the University of Washington Medical Center in Seattle, Washington. The date of GIB and date of
procedure were identified through chart review.
Results: Patients undergoing procedures in whom the source of GIB
was identified required an average of 3.88 days from hospitalization
to diagnostic procedure, versus an average of 3.91 days in patients in
whom the source of GIB was not identified. The difference became more
pronounced when the groups were divided into types of procedures (Figure 1). Patients in whom a source of GIB was identified underwent earlier
endoscopic procedures (EGD and colonoscopy) by approximately 24
hours. This suggests that earlier EGD and colonoscopy is associated with
a higher likelihood of identifying a source of GIB, whereas video capsule
endoscopy, double balloon enteroscopy and tagged RBC scans are more
likely to reveal a source of GIB later. This suggests the importance of early
endoscopy for GIB in LVAD patients, and should be confirmed with larger,
prospective data.

Study: Retrospective chart review was performed of 2 patients presented
with cardiogenic shock. Extra Corporeal Membrane Oxygenation (ECMO)
was utilized as temporary mechanical support. Peripheral Imeplla was
utilized as left ventricular (LV) vent.
Methods: Retrospective review was performed of prospectively collected
data. Patients were treated from January 2015 to November 2016.
Results: 2 patients presented with cardiogenic shock, renal failure, and
respiratory failure. Peripheral veno arterial ECMO was immediately
employed as temporary mechanical support. Peripheral Impella, 3.5
and 2.5 was utilized as LV vent in first and second patient respectively
for mean of 12 days (9–15). Over the treatment period, Imeplla was re
positioned under bedside ECHO guidance 3 times in each patient. Both
patients underwent durable continuous flow Left Ventricular Assist Device
(LVAD) implants at 9th and 15th day. . After initiation of cardiopulmonary
bypass, Imeplla was withdrawn and LVAD was implanted using standard
techniques. Severe Aortic Insufficiency (AI) was noted as LVAD was initiated. Aortic valve tear of non coronary cusp was noted in both patients.
Under cardioplegic arrest, bio prosthetic aortic valve replacement and
aortic valve leaflet repair was performed on first and second patient
respectively. Trivial to mild AI was noted after aortic valve procedures.
Patients recovered renal function and discharged from hospital after 52
and 57 days respectively.

Figure 1: Average # of Days until finding the source of bleed, by procedure
Source of
bleed found
EGD w/wo push enteroscopy
Colonoscopy
Capsule endoscopy
Double balloon enteroscopy
Tagged RBC scan
Mesenteric Angiogram
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2.3
2.73
5.92
9.42
4.38
2.5

Source of bleed
not found
3.09
3.61
3.76
6.82
7.5
6.47
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Case Series of a Novel Peripheral Right Ventricular Assist Device for
Acute Right Heart Failure
A. Melvin, J. Lehoux, S. Prasad. Cardiac Surgery, University of Rochester,
Rochester, NY.

Left Ventricular Assist Devices; How Do We Define Success?
L. A. Anwer,1 S. Poddi,1 V. Tchantchaleishvili,1 R. C. Daly,1 L. D. Joyce,1
D. L. Joyce,1 S. M. Dunlay,2 J. M. Stulak,1 S. Maltais.1 1Cardiovascular
Surgery, Mayo Clinic, Rochester, MN; 2Cardiovascular Diseases, Mayo
Clinic, Rochester, MN.

Study: Acute right heart failure (ARHF) is difficult to treat and carries a
high mortality, particularly after left ventricular assist device implant. We
report a novel use for a commercially available venovenous extracorporeal membrane oxygenation cannula as a peripheral right ventricular
assist device (PRVAD) in acute right heart failure
Methods: This is a single-center retrospective review of patients who had
a PRVAD from 2015–2016. Primary outcome was mortality. Secondary
outcomes were duration of PRVAD support, ICU duration, PRVAD support
duration, time extubated with PRVAD support, sepsis, renal failure, and
arrhythmia.
Patients who were in ARHF for a variety of reasons had PRVAD support.
Placement was done under fluoroscopic guidance in the operating room
or cardiac catheterization lab. A pulmonary artery catheter was placed in
the standard fashion via the right internal jugular vein (RIJ). A stiff wire
was the fed through the catheter into the pulmonary artery. The RIJ was
serially dilated, and the PRVAD cannula was placed over the stiff wire into
the pulmonary artery with inflow in the right atrium and outflow distal to
the pulmonic valve.
Results: Twelve patients had PRVAD for treatment of ARHF. Indications
for PRVAD include ARHF after durable LVAD (7/12), acute right coronary
artery myocardial infarction (2/12), ARHF after CABG (1/12), ARHF after
heart transplant (1/12), and ARHF after temporary LVAD (1/12). Average
ICU stay was 480 hours, average hospital stay was 43 days, and average
duration of PRVAD support was 12.4 days. Six patients were extubated
prior to PRVAD explant, with an average time of 8.7 days extubated on
PRVAD support. Atrial arrhythmias occurred in 4 patients, ventricular
arrhythmias in 0 patients, sepsis in 5 patients, and renal failure requiring
dialysis in 3 patients. Overall mortality was 33%.

Study: Despite the growing acceptance of left ventricular assist device
(LVAD) therapy to improve survival and quality of life in heart failure (HF)
patients, uncertainties persist regarding the definition of a successful
implant. We sought to determine an innovative criteria to define success
and subsequently compare preoperative variables affecting outcomes.
Methods: Between January 2007 and January 2015, 279 patients underwent LVAD implantation at our institution. Median age at implant was 60
(range, 18–82) years and 227 patients were males (84%). Indication for
support was BTT in 99 (35.5%) and DT in 180 (64.5%) patients. Etiology of
HF was ischemic in 135 (48.4%) and dilated in 115 (41.2%) patients. We
defined successful LVAD implant as someone who was alive or transplanted at 2 years, had less than 3 readmissions and no major bleeding,
thromboembolic or infectious complications in the first year, and had a
NYHA functional class of II or better at 6 months. Follow-up was obtained
in all early survivors (n=257) for a median of 1.7 years (range, 1 month-9
years) for a total of 605 patient-years of support.
Results: Based on our criteria, 97/279 (34.8%) patients in our cohort were
defined as having a successful implant. Preoperative factors associated
with success were BTT indication (49% vs. 30%, p=0.003), dilated HF
etiology (49% vs. 37.4%, p=0.037), lower median BMI (28 vs. 29, p=0.05),
lower renal replacement therapy (1% vs. 5.5%, p=0.05), and a greater
number of inotropes employed for patient optimization (92.8% vs. 67.6%,
p=0.008). On multivariate analysis, BTT (HR: 0.47, [0.27,0.81], p=0.006)
and number of preoperative inotropes (HR: 1.81, [1.2,2.7], p=0.004)
were independently associated with a successful LVAD implant. Despite
an overall trend towards improved survival and quality of life on device
therapy, our criteria classified only one-third of our patients as successful.
With a rapidly evolving field, it is imperative to have a reliable benchmark
for success to establish best practice guidelines in LVAD therapy.
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HMII Driveline Fracture and Outflow Graft Bend Relief Disconnection
with Pseudoaneurysm Formation
B. M. Sycip, E. Molina, M. Hofmeyer, S. Mohammed. Medstar
Washington Hospital Center, Washington, DC.

Effects of Using a Torsional Ventricular Assist Device (tVAD) on Regional
Cardiac Mechanics
E. Soohoo,1 L. K. Waldman,2 D. R. Trumble.1 1Department of Biomedical
Engineering, Carnegie Mellon University, Pittsburgh, PA; 2Insilicomed, Inc.,
La Jolla, CA.

Study: Bend relief disconnection, both partial and complete, has been
noted in patients implanted with the Heartmate II LVAD between February 2010 and February 2012. A class 1 FDA recall was issued in April 2012
due to the spontaneous disconnection of the outflow graft bend relief,
attributed to a modified snap ring design. The bend relief design was
modified to include a titanium protective collar in August 2012 after the
recall alert was issued. Bend relief disconnection can lead to low LVAD
flows and pump thrombosis.
Methods: A 56 year old gentleman with dilated (non-ischemic) cardiomyopathy and stage D heart failure who underwent implantation of
HMII LVAD, presented four years post implant with pump stoppage due
to “short-to-shield” phenomenon. Radiographs confirmed a driveline
fracture and the patient was taken emergently to the OR for a pump
exchange via a left subcostal approach. Intraoperatively, abnormal scar
tissue was encountered near the outflow graft. Further dissection of this
area resulted in profuse bleeding.An emergent redo sternotomy was
performed for full exposure of the outflow graft that allowed clamping
of the graft, control of the bleeding and pump exchange. Inspection of
the proximal portion of the outflow graft revealed bend relief disconnect,
kinking and tear of the graft with pseudoaneurysm formation. A new
LVAD system was successfully implanted and the patient has done well
thereafter.
Results: This case highlights an incidental finding of a potentially lifethreatening LVAD complication that was asymptomatic and did not result
in abnormal pump parameters. In patients with HeartMate II bend relief
disconnection, traumatic injury of the outflow graft is rare but can be
difficult to manage during LVAD exchange through subcostal approach.
A redo sternotomy approach is almost always necessary. In patients that
fall within the recall window, it is imperative to carefully review diagnostic
imaging for bend relief disconnect and severe malalignment.

Study: The goal of this study was to use biventricular simulations to
evaluate the effects of a torsional ventricular assist device (tVAD) on
regional cardiac mechanics, including large deformations induced in the
myocardium.
Methods: An 80-element, high-order computational biventricular model
of a beating heart based on clinical measurements of heart failure
patients was used. We simulated a tVAD with a 24% coverage area of
the longitudinal distance between the apex and base of the ventricles
by imposing dynamic boundary conditions on select apical nodes. The
apical region of the ventricles was rotated counterclockwise for 187.5 ms
during isovolumic contraction and most of ejection and rotated back for
the remainder of each cardiac cycle with a heart rate of 80 bpm. Simulations were performed in which six angles (45, 55, 65, 68.33, 71.67 and
75 degrees) of systolic rotation were compared to a baseline HF case (No
VAD). Steady-state solutions were obtained with concurrent contraction
of the heart, and the resulting deformations were evaluated.
Results: When compared to the baseline HF case (No VAD), we observed
increases in principal strains with increasing angles of applied rotation,
especially at the base of the tVAD coverage region and at the base of the
ventricles. On the anterior and posterior walls, principal strains vary from
moderate to large values for larger angles (Figure 1). In both ventricular
freewalls, the strains are large even at an angle of 45 degrees and climb
to very large values as the angle is increased to 75 degrees. In the region
adjacent to the mitral valve, maximum principal strains are substantial
even at baseline, and rise rapidly to very large values at angles of 55
degrees and above (Figure 2). Experimental studies are needed to understand the influence of these deformations on the myocardium and on
mitral valve function. These results provide support for the need to strike
a balance between hemodynamic benefit and excessive deformation of
the myocardium.

74

MAT

ASAIO CARDIAC ABSTRACTS
MAT

139

146

Long-term Impacts of Reducing Pulmonary Vascular Resistance with Vad
Therapy in Bridge-to-transplant Patients
J. J. Han,1 R. Kanade,1 J. J. Chung,1 C. W. Chen,1 H. Elazyn,2 A. C. Gaffey,1
J. E. Rame,3 M. A. Acker,1 P. Atluri.1 1Cardiovascular Surgery, Hospital at
University of Pennsylvania, Philadelphia, PA; 2Mathematics, University
of Pennsylvania School of the Arts and Sciences, Philadelphia, PA;
3
Cardiology, Hospital at University of Pennsylvania, Philadelphia, PA.

RAS-Q - A Novel Passive Right Heart Assist System
T. A. Kaufmann,1 S. J. Sonntag,2 P. Ritter,2 F. Boehning,1 F. Hesselmann,1 S.
Groß-Hardt,1 U. Steinseifer,3 T. Verbelen,4 B. Meyns,5
R. Borchardt.2 1RWTH Aachen University / enmodes GmbH, Aachen,
GERMANY; 2enmodes GmbH, Aachen, GERMANY; 3Cardiovascular
Engineering, Institute of Applied Medical Engineering, RWTH Aachen
University, Aachen, GERMANY; 4Cardiovascular Sciences, KU Leuven,
Leuven, BELGIUM; 5KU Leuven, Leuven, BELGIUM.

Study: Cardiac transplantation (OHT) is contraindicated in the setting
of elevated pulmonary vascular resistance (PVR). Bridge-to-transplant
(BTT) with left ventricular assist device (LVAD) may reduce PVR though its
efficacy and long-term outcomes are unknown
Methods: Retrospective review of a high-volume cardiovascular center
was performed with selection of patients who received LVADs from May
2008 to November 2016. Subjects were divided into two groups based on
their right heart catheterization values prior to VAD implant: PVR≥2 and
PVR<2. Patient demographics, pulmonary hemodynamics and survival
prior to and after OHT were compared
Results: In total, 85 BTT patients received HeartMate II (n=53) or HVAD
(n=32). Sixty patients (71%) had pre-VAD PVR ≥ 2 with a mean of 3.8 ± 1.6
Woods units and 25 (29%) patients had PVR < 2 with a mean of 1.2 ± 0.4.
VAD support significantly reduced mean pulmonary arterial pressures
(pre 34.3 ± 8.2 v post 23.7 ± 7.2 mmHg, p<0.01) after a mean duration of
3 months. The improvement in pulmonary hemodynamics was sustained
for all patients post-OHT (N=44, 52%). PVR was reduced across all groups
(3.0 ± 1.8 vs 1.2 ± 0.6, p<0.01) though patients with pre-VAD PVR≥2 (n=18,
41%) did have significantly higher post-OHT PVR values at long-term
follow-up (1.4 vs 1.08, p=0.05). While on VAD, there was no difference
in rates of right heart failure (0.001 v. 0.001 events/pt-yr) or survival-totransplant although higher percentage of patients with pre-VAD PVR ≥
2 required Epinephrine (40% v 12%, p<0.01) and Milrinone (83% v 48%,
p<0.01) post-VAD implant. Survival outcomes were similar post-OHT
between the two groups at 30 days (94% v. 93%) and 5 years (89% vs 88%,
p=0.74) (Figure 1). There was no difference in rates of moderate-to-severe
RV failure (p=0.16).

Study: RAS-Q is a novel passive right heart and respiratory assist device,
which supports and protects the right ventricle by reducing afterload and
dampening pressure spikes.
RAS-Q is connected between the pulmonary artery (PA) and left atrium
(LA) by vascular grafts. Blood flows passively through the device driven
by PA/LA pressure gradient. RAS-Q combines an integrated compliance to
reduce the right heart’s afterload with gas exchange technology to support the lungs’ function, acting as a partial bypass to the native lungs. The
internal compliance is adjustable during operation, allowing for adaption
to patient conditions, exercise and weaning.
In this study, we present the first in-vitro and in-vivo results of RAS-Q as a
right heart assist system.
Methods: RAS-Q was designed to reduce right heart afterload by
approximately 35%, while maintaining sufficient gas exchange within
the pulmonary bypass. Compliance and pressure gradients across RAS-Q
were measured using mock loops representing the pulmonary circuit. Gas
exchange was analyzed in blood trials following ASTM standards. RAS-Q
prototypes were tested in acute animal studies, focusing on reduction of
right ventricular afterload. Right heart failure was induced by PA banding
in sheep, which resulted in pulmonary hypertension and consecutive right
heart failure.
Results: In-vitro studies showed a compliance of 5.8 ± 0.2 mL/mmHg,
which is comparable to the native lungs. Blood trials revealed highly efficient gas exchange (VO2>65mLO2/Lblood VCO2>58mLCO2/Lblood) at gold standard
levels.
In vivo studies in sheep (53 ± 7 kg) confirmed the mock results. Baseline
CO of 3.06 +/- 0.50 L/min was reduced to 1.70 ± 0.57 L/min in acute right
heart failure. With RAS-Q, this was restored to 2.95 ± 0.16 L/min. Right
ventricular afterload was reduced by 41.1% ± 9.9%, resulting in overall
improved and restored cardiac function.
In conclusion, RAS-Q possesses great potential as a gentle and effective
right heart assist system. Its long-term impacts will be analyzed in chronic
animal trials this year.

Conclusion: VAD support successfully reduces PVR among BTT patients.
While elevated PVR prior to VAD implant predisposes to higher PVR after
OHT, it does not appear to increase rates of adverse events or reduce
survival.
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Continuous Suction Monitoring Reveals High Probability of Suction in
Well-adjusted VAD-outpatients
C. Gross,1 M. Maw,1 T. Schlöglhofer,1 K. Dimitrov,2 D. Wiedemann,2
D. Zimpfer,2 H. Schima,1 F. Moscato.1 1Center for Medical Physics and
Biomedical Engineering, Medical University Vienna, Vienna, AUSTRIA;
2
Department of Cardiac Surgery, Medical University Vienna, Vienna,
AUSTRIA.

Modeling of Mechanical Circulatory Support Pump Interactions with the
Variable Hemodynamic Environment
D. Horvath,1 D. Horvath,2 J. H. Karimov,1 N. Byram,1 B. Kuban,1
G. Sunagawa,1 N. Moazami,1 K. Fukamachi.1 1The Cleveland Clinic,
Cleveland, OH; 2R1 Engineering, Cleveland, OH.
Study: New tools to augment experimental research and understand
patient-specific pump interactions are highly in demand. The purpose of
this ongoing study is to create a system-analysis platform to explore and
better comprehend mechanical circulatory support (MCS) pump interactions over a more extensive combination of patient-specific or simulation
conditions than can be established by practical experimentation.
Methods: A dynamic system model, a Virtual Mock Loop, was developed
to track flows, pressures and volumes as they surge through the mechanically assisted cardiovascular system. The software, developed in Matlab
(MathWorks®, Natick, MA), simulates the hemodynamics of the cardiovascular system with a lumped-parameter model, including systemic and
pulmonary circulation and cardiac four-chamber and valve characteristics. Inputs include a distribution of impedances, systolic and diastolic
ventricular compliances, beat rate and blood volume. The system’s output
includes pressure, volume, and flow values throughout the cardiovascular system/pump environment. The user-friendly input interface allows
selection of a variety of single or multiple disease conditions, including
stenosis or regurgitation in each of the four atrioventricular valves.
Results: An example solution (figure below) illustrates the simulation
output for a case with severe biventricular disease, in dynamic interaction
with biventricular continuous flow MCS devices. In conclusion, the Virtual
Mock Loop will aid in MCS pump optimization and has been shown as a
valuable tool for experimental research augmentation. Example simulation showing aortic pressure (AoP) and pulmonary artery pressure (PAP)
for a biventricular disease case (left) and the dynamic response of the
biventricular assist devices (BVAD) (right).

Study: Suction of the left ventricular wall can lead to potentially lifethreatening events in left ventricular assist device (LVAD) patients. Due
to limited LVAD monitoring capabilities and alarm systems, little is known
about the patients’ suction prevalence. This study aimed at combining
24/7 LVAD monitoring developed by our group and suction detection
from estimated pump flow in stable well-adjusted LVAD outpatients.
Methods: In a clinical observational study continuously recorded LVAD
data from 10 HeartWare HVAD recipients were analyzed using a previous
developed suction detection algorithm. Beginning of observation period
was the patients’ first outpatient follow-up and data were analyzed for
the following 15 days. Patients’ individual suction prevalence was calculated as the percentage of suction events within a one hour time-window
and averaged over the whole 15-day observation period.
Results: Patient characteristics of the 10 HVAD recipients (8 males, 2
females) at implant was age 58 ± 9.6yrs, cardiomyopathy (dilated 6, ischaemic 4), BMI 25 ± 3.3 kg/m2 and Intermacs profile 1–2/3–5 was n=4/6.
Observation started at post operative day 78 ± 22, mean arterial pressure
was 82 ± 13 mmHg and heartrate 78 ± 12 bpm. Five patients showed
almost no suction (<1% per hour). Five patients had a suction prevalence
between 1% and 7% per hour. One of these 5 patients showed suction
prevalence of over 60% lasting for 2 hours. In the other 4 patients the
suction occurred mostly during daytime (7am-9pm). Enhanced monitoring sheds light onto suction events in the outpatient setting. These events
are unobservable during single routine follow-ups or by using algorithms
based on pulsatility only.
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Advantages of Integrating Pressure-regulating Devices into Mechanical
Circulatory Support Pumps
D. Horvath, J. H. Karimov, N. Byram, B. Kuban, G. Sunagawa, N. Moazami,
K. Fukamachi. The Cleveland Clinic, Cleveland, OH.

Outcomes in Patients with Surgical Closure of Left Ventricular Outflow
Tract After Continuous Flow Left Ventricular Assist Device Implantation
C. Kurihara, W. E. Cohn, M. Kawabori, T. Sugiura, A. Critsinelis,
A. B. Civitello, H. O. Frazier, J. A. Morgan. Baylor College of Medicine,
Houston, TX.

Study: Reduced complexity offers advantages to the field of mechanical
circulatory support (MCS).The purpose of this study was to demonstrate
simplified control of continuous-flow (CF) MCS pump output and to
improve controlled response.
Methods: The inclusion of a differential pressure-regulating device allows
the essential task of balancing output to be programmed directly into
the pump’s hydromechanical design, so that it executes with automatic
vigilance. Examples of this are Cleveland Clinic’s CF total artificial heart
(CFTAH), pediatric CFTAH (P-CFTAH), and advanced ventricular assist
device (AVAD). These devices use an aperture at the outer diameter of
the right (CFTAH and P-CFTAH) or primary (AVAD) impeller, effectively
changing pump capacity in response to changes in hydraulic and passive
magnetic forces within the pump. For the CFTAH, the essential control
objective is to modulate right-pump output to correct an imbalance in
atrial pressures. For the AVAD, the objectives are to dynamically couple
the aperture opening with the action of the left ventricle to enhance
pulsatility and to close the aperture to prevent regurgitation in the event
of pump stoppage due to power interruption.
Results: Pressure-regulating devices have been integrated into and demonstrated in adult CFTAH (Figures), P-CFTAH, and AVAD pumps. Making
these control features a part of the mechanical design by using passive
forces for control reduces complexity of the system, improves vigilant
response, and improves reliability.

Study: This increased number of left ventricular assist devices (LVADs)
implantation has created challenges for some patients including those
with aortic valve (AV) pathology or those who have undergone previous
AV replacement. We analyzed the long-term outcomes of patients at
our center who received a long-term continuous-flow LVAD (CF-LVAD)
with surgical closure of the left ventricular outflow tract. Neurological
deficit (ND) was defined as a new neurological deficit with abnormal
neuroimaging.
Methods: From November 2003 through March 2016, 526 patients with
chronic heart failure underwent implantation of a continuous flow (CF)
LVAD (403 HeartMate II (HMII) and 123 HeartWare (HVAD)).Of these,
16patients (12 HMII, 4 HVAD) underwent surgical closure of the left
ventricular outflow tract (LVOT) at the time of their CF-LVAD implantation.
The CF-LVAD only and CF-LVAD + surgical closure of LVOT were compared
regarding pre-operative demographics, incidence of post-operative complications, and long-term survival.
Results: Survival at 30 days, 6 months, 1 year, and 2 years was 90.4%,
80.6%, 74.3%, and 67.5%, respectively, for CF-LVAD only patients vs
81.3%, 81.3%, 75.0%, and 68.8%, respectively, for LVOT closure patients
(p=0.59). The surgical closure of the LVOT was not an independent predictor of mortality in multivariable Cox regression models (hazard ratio=1.50,
95% confidence interval=0.87–2.57, p=0.14). A total of 195 ND events (6
in LVOT‐closure patients, 189 in CF‐LVAD-only patients) occurred in 142
patients (6 LVOT closure patients, 136 CF‐LVAD-only patients). The rate
of events per patient-year (EPPY) was 0.23 in the LVOT closure group and
0.20 in the CF‐LVAD-only group (p=0.97). Closing the LVOT circumvented
the challenges associated with CF-LVAD therapy in the presence of native
aortic valve (AV) insufficiency or an AV prosthesis. However, surgical
closure of LVOT was not associated with a decrease in survival.
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Versatile Potential of a New Rotary Blood Pump Heartmate 3 in Patients
with Multiple Assist Device Related Complications
J. Garbade, S. Lehmann, J. Fischer, K. Jawad, S. Feder, M. Kuehl,
M. Misfeld, A. Meyer. Cardiac Surgery, Heart Center Leipzig, Leipzig,
GERMANY.

Long Term Outcomes of Elderly Patients Receiving Continuous Flow Left
Ventricular Support
N. A. Brozzi, X. Vial, I. C. Saba, T. Patricelli, A. Ghodsizad, A. Badiye,
F. Andreopoulos, M. Loebe. Thoracic Transplantation & MCS, University
of Miami / Miami Transplant Institute, Miami, FL.

Study: The rotary blood pump HeartMate 3 (HM 3) from Thoratec® is a
left ventricular assist device which received the CE mark recently. So far
first results of the multicenter clinical trial show promising data. None of
the patients developed a pump thrombosis. The aim of the study was to
analyse high-risk patients after LVAD exchange with a HeartMate 3.
Methods: Between 1/2016 and 8/2016, 4 of 24 patients with HM3
implantation were a pump exchange due to pump thrombosis in an HVAD
(n=3) or a HM II (n=1). Patients developed a pump thrombosis in the
initial LVAD after 953 ± 651 days and had already multiple lysis or previous
pump exchange. The procedure was performed via re-sternotomy. The
mean age of the 4 male patients was 50 ± 20 years. An ischemic cardiomyopathy was diagnosed in 50% of the patients.
Results: Mean follow up was 183 ± 49 days. All patients are discharged
and alive. A pump thrombosis, hemolysis or stroke were not observed
in the follow up period. Two patients needed a right ventricular assist
device intra-operatively (Levitronix), one patient was able to wean from
RVAD and the other one was transplanted after 92 days. One patient
needed a re-exploration due to bleeding. An upgrade to HM 3 after pump
thrombosis shows an excellent 30-day survival. All patients received the 3
months follow up without any signs of a re-thrombosis of the new pump,
therefore this pump seems to be optimal in risk patients.

Study: The incidence of heart failure increases with age, affecting 1.5% of
elderly patients (≥65 years). Continuous flow left ventricular assist devices
(CF-LVAD) provide reliable long term support for patients advanced heart
failure. As population ≥65 years rises, an increasing number of elderly
patients will require CF-LVAD therapy. We sought to characterize the
outcomes of elderly patients receiving CF-LVAD in our program.
Methods: We present a retrospective analysis of elderly patients (≥65
years) receiving CF-LVAD between 2010 and 2016. Demographic data,
indication for LVAD, INTERMACS score, CF-LVAD type, and postoperative
complications were analyzed. Primary end-points included duration of
support, until heart transplantation or death, and secondary end-point
were late complications during LVAD support.
Results: A total of 159 patients received CF-LVAD between 2010 and
2016, including 43 (27%) patients ≥65 years, which represent our study
cohort. HeartMate II was implanted in 84%, and HeartWare in 16% of
patients. 27% received CF-LVAD as bridge to transplant, and 73 % as destination therapy. At time of implant INTERMACS score was I in 14 %, II in
70 % and 3 in 16 % of patients. Hospital mortality was 13 %. For patients
discharged from hospital (87%), average support was 847 (range 68 to
2,200) days. Among these patients 8 received heart transplantation. Late
complications included GI bleeds (20%), driveline infections (11 %), pump
thrombosis (4%), and stroke (6%). In conclusion, elderly patients with
advance heart failure presented acceptable operative mortality and low
rate of late complications during long term LVAD support up to six years
post implantation.
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Blood Trauma and Inflammation During Cardiopulmonary Bypass: The
Role of Air and Negative Pressure
B. D. Carr,1 A. Mohammed,1 M. Coughlin,1 J. R. Hirschl,1 T. J. Johnson,1 A.
Gomez-Rexrode,1 T. C. Major,1 J. M. Toomasian,1 R. H. Bartlett,1
A. Rojas-Pena,2 J. W. Haft.3 1Surgery, University of Michigan, Ann Arbor,
MI; 2Surgery - Section of Transplantation, University of Michigan, Ann
Arbor, MI; 3Cardiac Surgery, University of Michigan, Ann Arbor, MI.

Ventricular Assist Device Cannulation Strategy for the Failing Single
Ventricle: Atrium or Ventricle?
K. Maeda,1 S. A. Hollander,2 M. Navaratnum,3 C. S. Almond,2
D. N. Rosenthal,2 S. Chen,2 J. C. Dykes,2 J. C. Dykes,2 B. D. Kaufman,2
O. Reinhartz.1 1Cardiothoracic Surgery, Stanford University, Stanford,
CA; 2Pediatric Cardiology, Stanford University, Stanford, CA; 3Pediatric
Anesthesiology, Stanford University, Stanford, CA.

Study: Cardiopulmonary bypass (CPB) causes a systemic inflammatory
response associated with multiorgan injury. The aim of this project was to
describe the independent effect of air interface and negative pressure of
CPB on the inflammatory response.
Methods: Six swine (40–45 Kg) were instrumented for hemodynamic
monitoring and peripheral CPB via the neck vessels. Cannulae were
configured to an open venous reservoir, Terumo FX15 oxygenator, and
roller pump. Extracorporeal flow (ECflow) was engaged at a 37 ± 2.5 mL/
Kg/min. In the experimental group (n=5) a portion of the ECflow
(775 ± 35 mL/min) was exposed to room air at a rate of 3.0–3.5 L/min and
-100 mmHg of pressure and returned to the venous reservoir to simulate
cardiotomy suction. The control group (n=4) consisted of peripheral CPB
with no exposure to the simulated cardiotomy suction. After 120min of
support, the cannulae were removed and animals recovered for 96hr.
Blood was drawn at baseline, 120min (CPB off), and 6, 24, 48, 72, and
96hr. Complete blood count, plasma free hemoglobin (PFHb), and activation/function of both platelets (PLT) and white blood cell (WBC) with flow
cytometry were measured. Results were analyzed using unpaired student
t-tests with a p-value <0.05 was considered significant.
Results: CPB flows were 1.7 ± 0.12 and 1.7 ± 0.07 L/min in the control and
experimental group respectively. A significant decrease from baseline
in PLT was seen in the experimental group (p <0.005) which returned to
baseline values at 96hr. Expression of CD11b on granulocytes showed
higher values (p <0.05) at the end of CPB and during the first 6hr post
CPB, and PFHb was higher in the at the end of CPB in the in the study
group. (Fig 1). In this model of CPB, addition of a blood-air interface with
negative pressure resulted in PLT consumption that returned to baseline
values after 96 hr, a transitory increase in granulocyte CD11b expression
and PFHb. Future studies will evaluate if the addition of nitric oxide gas to
attenuate the inflammatory response.

Study: The optimal cannulation strategy for ventricular assist device (VAD)
support in the failing single ventricle (SV) is still a matter of debate. We
reviewed our experience with atrial and ventricular cannulation strategies
in patients with single ventricle physiology requiring VAD support.
Methods: Retrospective review our institutional experience with VAD
implantation on failing SV patients from May 2009 to Jan 2017. Outcomes
following implantation, including subsequent interventions, quality of
VAD output, and patient outcomes were analyzed.
Results: In total, 11 patients underwent VAD implants (PAB = 2 patients,
Modified Norwood = 2, Bidirectional Glenn = 4, Fontan =3). Total survival
rate was 54.5%. Seven patients underwent ventricular cannulation and
4 patients underwent atrial cannulation. In the ventricular cannulation
group, 3 patients died in early postoperative period due to inadequate
VAD flow leading to multiple organ failure, 1 died secondary to intracranial hemorrhage on POD 42. One patient required adjustment of the VAD
inflow cannulation site. Three patients were successfully transplanted,
however, one died from allograft rejection a year later. All 4 atrial cannulation patients maintained good VAD outflow postoperatively without any
further intervention. Two patients in the atrial cannulation group received
the implant without cardiopulmonary bypass. There was one death due
to fungal infection. [Conclusion] The cannulation strategy for SV patients
requiring VAD support needs careful planning determined by individual
patient anatomy. In our small group of patients, atrial cannulation has
potential advantages of easier implantation technique without cardiopulmonary bypass, superior VAD output, and better survival. Further study
is required.
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Implantable Hemodynamic Monitoring in Patients with an LVAD
L. Wolman Ahdut, L. Wolman Ahdut. VAD/MCS, Scripps Health, San
Diego, CA.

Predictive Value of Preoperative Prealbumin on Outcomes in Patients
Undergoing LVAD Implantation
A. Critsinelis, C. Kurihara, M. Kawabori, T. Sugiura, W. E. Cohn,
A. B. Civitello, O. H. Frazier, J. A. Morgan. Baylor College of Medicine,
Houston, TX.

Study: Heart Failure continues to be one of the leading diseases globally,
as there are an estimated 26 million patients worldwide. As technology
advances, Mechanical Circulatory Support (MCS) programs are evolving
rapidly with implanted Left Ventricular Assist Devices (LVAD) becoming
more prevalent as a treatment option for advanced heart failure. Scripps
Prebys Cardiovascular Institute has united the most innovative technologies together, placing CardioMEMS in LVAD patients. CardioMEMS is a
FDA-approved pressure sensor proven to reduce heart failure hospital
admissions by 30%, as well as improve quality of life.
Methods: This presentation will be a literature review of CardioMEMS
clinical indications for use and how it benefits the advance heart failure
population. This presentation will also include how Scripps utilizes CardioMEMS in LVAD patients.
Results: The MCS team is excited to share the processes we have implemented to care for this patient population, which include our monitoring system and plan of care*, including treatment options for these
patients. Over the next year, data will be collected to evaluate whether
CardioMEMS reduces heart failure admissions in the LVAD population and
hope to present this in 2018 as a retrospective analysis.
*see graph

Study: Malnutrition has been associated with increased incidence of morbidity and mortality. However, many different measures of malnutrition
have been inadequate. In this study, we sought to determine whether
preoperative serum prealbumin levels is associated with morbidity and
mortality in patients who underwent continuous-flow left ventricular
assist device (CF-LVAD) implantation.
Methods: From November 2003 through March 2016, 526 patients with
chronic heart failure underwent implantation of a CF-LVAD (403 HeartMate II, 123 HeartWare). Patients whose preoperative serum prealbumin
level was normal (>17 g/dL) were compared with patients with preoperative hypoprealbuminemia (≤17 g/dL). These groups were compared
regarding preoperative demographics, incidence of postoperative complications, and long-term survival.
Results: 317 had preoperative serum prealbumin levels and were
included in our analysis. There were 90 patients with low preoperative
prealbumin. Kaplan-Meier survival analysis revealed that patients with
low preoperative prealbumin had poorer survival at 1, 6, 12, and 24
months (p<0.001) and higher overall mortality (p=0.04). There were no
significant correlation between low prealbumin levels and post-operative
complications. Our data showed a significant association between low
preoperative prealbumin levels and mortality. However, we did not find
any correlation with incidence of adverse events. Our findings suggest
that preoperative serum prealbumin levels should be in the evaluation of
the patients for CF-LVAD implantation.
Figure 1 - Survival curves for patients who had prealb>17 or ≤17 after
implantation of a continuous-flow left ventricular assist device.
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Postoperative Acute Kidney Injury After Implantation of Left-ventricular
Assist Device: a Comparison of Heartmate II and HeartWare Devices
A. Anjum, C. Kurihara, M. Kawabori, T. Sugiura, W. E. Cohn, A. B. Civitello,
O. H. Frazier, J. A. Morgan. Baylor College of Medicine, Houston, TX.

Outcomes in Adult Patients with Advanced Heart Failure and Small Body
Size Undergoing LVAD Implantation
N. Volkovicher, C. Kurihara, J. Morgan. Division of Cardiothoracic
Transplant and Assist Devices, THI/BCM, Houston, TX.

Study: Over the last several decades, left-ventricular assist devices
(LVADs) have exploded in use as definitive therapy or bridge-to-transplant
in patients with advanced heart failure. LVADs are associated with postoperative acute kidney injury (AKI) and subsequent mortality. We analyzed
our single-center experience with LVAD recipients to determine whether
preoperative factors affected outcomes and if there was a difference in
AKI incidence during support of two different continuous flow (CF)-LVADs,
HeartMate II and HeartWare devices.
Methods: From November 2003 through March 2016, 520 patients
received a CF-LVAD (398 HeartMate II, 122 HeartWare) at our center.
Records were reviewed to determine the prevalence of post-implant AKI.
AKI was determined by RIFLE (Risk, Injury, Failure, Loss of kidney function,
End-stage kidney disease) criteria. The AKI patients were compared with
non-AKI patients regarding preoperative demographics, postoperative
complications, and long-term survival. Additionally, the incidence of postoperative AKI was compared between the HeartMate II and HeartWare
groups.
Results: Of 520 patients, 75 had post-operative AKI. Survival at 30 days,
6 months, 1 year, and 2 years was 90.3%, 82.5%, 76.9%, and 69.4%,
respectively, for non-AKI patients vs 90.7%, 69.3%, 58.7%, and 56%,
respectively, for AKI patients (p=0.01). AKI was an independent predictor
of mortality using Multivariate Cox Regression models (HR=1.54, 95%
CI=1.02–2.32, p=0.03). Incidence of RIFLE-defined AKI risk, injury, and failure was 85(21.4%), 44(11.1%), and 9(2.3%), respectively, for Heartmate II
patients vs 30(24.6%), 20(16.4%), and 1(8.2%), respectively, for Heartware
patients (p=0.23). Although there was no significant difference in AKI
rates between HeartMate II and HeartWare, AKI impacted overall survival
of CF-LVAD patients.

Study: Continuous flow left ventricular assist devices (CF-LVADs) have
evolved as a primary choice of treatment option for patients with endstage heart failure either as a bridge to transplantation (BTT) or as a destination therapy (DT). There is limited published data regarding small body
size as a risk factor for LVAD implantation. The study aimed to determine
if body surface area (BSA) impacts outcomes following LVAD implantation
insertion. We examined the outcomes of CF-LVAD implantation in small
BSA patients.
Methods: A single center, retrospective review was performed on all
patients (N=526) who were implanted with HeartMate II LVAD (Thoratec
Corp., Pleasanton, CAHM II; Thoratec) or HeartWare HVAD (HeartWare
International Inc., Framingham, MA) as a primary implant between
November 2003 and March 2016. Thirteen patients had a BSA<1.5 m2 and
were the primary subject for this analysis.
Results: Patients with the BSA<1.5 m2 had 1-, 6-, 12-month survival rates
of 76.9%, 61.5%, and 53.8%, respectively. Duration of support ranged
from 11 to 1,389 days with total support duration of 17.1 years. Two
patients received heart transplantation. Post-operative adverse events
included right heart failure in 4 patients, acute kidney injury in 1 patient,
neurological dysfunction events in 4 patients (0.23 events per patientyear), gastrointestinal bleeding in 10 patients (0.58 EPPY), and infection
in 9 patients (0.53 EPPY; Figure1). As there are an increasing number of
patients with small BSA’s presenting for LVAD evaluation, it would be prudent to conduct additional analysis on this subgroup of patients to further
characterize their outcomes.
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Infection Complications After Primary Implantation of a Continuousflow Left Ventricular Assist Device in 526 Patients: Comparison of Axialflow (HeartMate II) and Centrifugal-flow (HVAD) Devices
R. Z. Olmsted, C. Kurihara, M. Kawabori, T. Sugiura, W. E. Cohn,
A. B. Civitello, O. H. Frazier, J. A. Morgan. Baylor College of Medicine,
Houston, TX.

In vitro Modelling of Calcific Particles and Testbed for Cerebral
Protection Devices (CPD) Under Physiological Conditions
C. Lierath, C. Doose, C. Schmitz, N. Kiesendahl, U. Steinseifer. Department
of Cardiovascular Engineering/CVE, Institute of Applied Medical
Engineering/AME, Aachen, GERMANY.
Study: Stroke is a major cause of mortality after transcatheter aortic valve
implantation due to the high risk of calcification detachment. Particles can
be washed into the branches of the aortic arch, causing a stroke. In order
to reduce the stroke risk, different CPDs are available or being developed.
Because of missing standards, CPDs are tested under different conditions,
hence the results are not directly comparable. This study presents an in
vitro calcification model and a testbed designed to investigate the behavior of calcific particles in order to gain insight into the behavior of these
particles as well as to evaluate CPDs in comparable conditions.
Methods: A pulse duplicator representing a hydraulic model of the left
human circulatory system served as a basis for the developed testbed. It
consists of an electrohydraulic drive unit, a flexible silicon ventricle within
a compression housing, a rigid aortic root model and adjustable compliances and resistences. Different anatomies of the aortic arch including
the branches were reproduced as flexible silicon models. Quartz sand
particles (0.1 - 0.35 mm) were used to model calcification particles due to
their similar density and geometry. These particles were injected into the
anatomical models under physiological flow conditions (5 +/- 0.2 l/min
cardiac output, 95 +/- 5 mmHg mean aortic pressure). The particles were
then collected in filters positioned behind the branches of the aortic arch
and the aorta descendens. All experiments were evaluated by using high
speed video recording and weighing the dried filters.
Results: A reproducible amount of 8–10 % of injected particles were
washed into the branches under physiological test conditions, while 98 %
of injected particles were recovered. Thus a physiological amount of particles, which has to be filtered by CPDs can be adjusted. Consequently, the
testbed is feasible to test available CPDs under identical test conditions to
achieve a better comparability.

Study: Left ventricular assist device (LVAD) implantation is being increasingly used to treat heart failure. However, infection rates associated with
different LVAD device types have not been well-studied. The purpose
of this study was to analyze the rates of infection complications in left
ventricular assist device recipients.
Methods: 526 patients with chronic heart failure underwent primary
implantation of a continuous-flow LVAD (n=403 HeartMate II, n=123
HeartWare). Patients were considered to have infection if they had 1 or
more of the following symptoms: drive line infection that required surgical treatment, pump infection that required surgical treatment, or sepsis
(positive blood cultures). Preoperative demographics and survival were
compared between patients with and without infection. Infection events
were compared in patients who received the HeartMate II (HM-II) device
and those who received the HeartWare (HVAD) device.
Results: Infection was found in 194 patients (HM-II, n=153; HVAD, n =41).
There were 533 infection events total; 115 drive line infections (HM-II,
n=98; HVAD, n =17), 60 pump infections (HM-II, n=59; HVAD, n =1), and
358 sepsis events (HM-II, n=287; HVAD, n =71). HM-II recipients had
444 infection events (0.60 events per patient-year [EPPY]), and HVAD
recipients had 89 (0.42 EPPY). HM-II recipients had higher incidences of
total infection events (P=<0.001), drive line infections (P=0.01), pump
infections (P=<0.001), and sepsis (P=0.05). Patients with and without
infection showed no significant difference in overall survival (P=0.1). In
conclusion, although the rate of infection events was significantly higher
in HeartMate II recipients than in HeartWare recipients, infection events
did not affect the overall survival of these patients.
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Hemodynamic Effects of a Compact Maglev Centrifugal LVAD Under
Pulsatile Operation: an in-vitro Study
P. Huang,1 P. Hsu,1 X. Ma,2 J. Miao,2 C. Chen.2 11Artificial Organ
Technology Laboratory, Biomanufacturing Centre, Soochow University,
Suzhou, CHINA; 2CH Biomedical, Inc., Suzhou, CHINA.

Renal Function with Long-term Support on a Durable Left Ventricular
Assist Device
M. Akiyama, S. Kawatsu, I. Yoshioka, O. Adachi, K. Kumagai, S. Kawamoto,
Y. Saiki. Division of Cardiovascular Surgery, Tohoku University Hospital,
Sendai, JAPAN.

Study: The CH-VAD (CH Biomedical, Suzhou, China) is an ultra-compact
(190 g, 49 mm diameter, 26 mm height) centrifugal blood pump with
fully magnetic suspension. A pulsatile controller was developed to enable
pump operation in synchrony with the natural heartbeat. This in-vitro
study aims to investigate the efficacy of the pulsatile controller and compare the hemodynamic responses induced by continuous and pulsatile
operation of the CH-VAD.
Methods: The CH-VAD pump was operated under continuous and
pulsatile modes in a mock circulatory system (MCS) at a fixed heart rate
of 60 beat/min. Under continuous mode, the pump was operated at a
constant speed of 3500 rpm. Under pulsatile flow mode, the pump speed
was modulated as a sinusoidal profile with a center speed of 3500 rpm
and pulse amplitude of 600 rpm. The frequency of the speed profile was
set the same to heart rate and the phase shift, the percent delay between
the onset of systole and the minimum speed of the pump, was adjusted
from 0 to 90%. The pump pressure head (H) and flow (Q), aortic pressure,
total systemic flow (Qs), and ventricular stroke work (SW) were recorded.
Results: The shape of the HQ loop changed with the phase shift (Fig.1a).
In addition, the Qs and mean aortic pressure (mAoP) under pulsatile
operation responded similarly with varying phase shift (Fig.1b). The
minimum and maximum Qs, mAoP, and SW happened at around the
phase shift of 20% and 70%, respectively. A phase shift of 20% was found
to be optimal for CH-VAD pulsatile operation in terms of hemodynamic
support, achieving ventricular unloading without compromising hydraulic
performance. Compared to continuous operation, the pulsatile operation
greatly increased the surplus hemodynamic energy (SHE) by 177% at the
phase shift of 20%. The results show that the CH-VAD pulsatile controller
is capable of generating sufficient pulsatility and optimal hemodynamic
assistance can be achieved by adjusting phase shift.

Study: The durability of durable left ventricular assist device (LVAD) has
improved, and many patients have been supported by LVAD for longer
period. Not only early but also longer-term improvement of non-cardiac
organs has been described. Some studies observed renal function for
a year after LVAD support. Due to extreme donor shortage, patients
with LVAD have to wait for heart transplantation for more than 3 years
in Japan. Data regarding the longer clinical effects of a continuous left
ventricular assist device (LVAD) on renal function has been limited. We
therefore studied the changes in renal function while on more than oneyear LVAD support.
Methods: This retrospective study analyzed the laboratory findings and
outcomes of 40 patients who underwent durable LVAD implantation and
have been followed up for more than 6 months between 2011 and 2017.
Calculated glomerular filtration rate (GFR), blood urea nitrogen (BUN),
serous Creatinine (Cr), and brain natriuretic peptide (BNP) were assessed
on admission and 1, 3, 6, 12, 18, 24, 30, 36, and 42 months after LVAD
implantation.
Results: BUN and Cr significantly decreased and GFR increased from
admission to 1 month after LVAD implantation. However, these values
returned to the level at admission within 6months. These values were
maintained between 1 and 2 years after LVAD implantation; however,
these values tended to gradually decrease. On the other hand, BNP
value dramatically decreased after LVAD implantation, and continued
to decrease for 3.5 years. Durable LVAD achieved volume control for a
long time, but renal function gradually decreased after significant initial
improvement in the early phase. Careful monitoring of renal function is
required for patients who need long-term support by durable LVAD.
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Percutaneous Assessment and Management of Outflow Graft
Obstruction in Patients with Continuous Flow Left Ventricular Assist
Devices: a Single Center Case Series
C. D. Davila,1 M. Esposito,1 M. F. Jumean,2 G. Couper,1 A. Vest,1
M. Kiernan,1 C. Kimmelstiel,1 D. DeNofrio,1 N. K. Kapur.1 1The Acute MCS
Working Group, Tufts Medical Center, Boston, MA; 2The University of
Texas, Houston, TX.

Prediction of Right Ventricular Failure in the Current Continuous-flow
Left Ventricular Assist Device Era
A. Loforte,1 C. Amarelli,2 A. Montalto,3 P. Lilla Della Monica,3 F. Grigioni,1
F. Musumeci,3 G. Marinelli.1 1Cardiovascular Surgery and Transplantation,
S. Orsola-Malpighi Hospital, Bologna University, Bologna, ITALY; 2Cardiac
Transplantation, University Monaldi Hospital, Naples, ITALY; 3Cardiac
Surgery and Transplantation, S. Camillo-Forlanini Hospital, Rome, ITALY.

Study: LVAD dysfunction is a major cause of morbidity and mortality
among LVAD recipients. While much attention has focused on LVAD
thrombosis, the management of outflow graft obstruction (OGO) is poorly
defined. We report 4 cases of successfully treated LVAD OGO diagnosed
using invasive hemodynamics.
Methods: We retrospectively reviewed all patients referred for right and
left heart catheterization to evaluate LVAD obstruction in our institution
from 2012–2017. OGO was identified in 4 patients by a stepwise approach
in the catheterization laboratory (Figure). OGO was defined by high pullback gradients across the outflow graft using fluid-filled manometers.
Results: Out of 4 patients, 3 had received a HeartWare HVAD and 1
had a HeartMate II LVAD. The median time to OGO was 307 days after
implantation (IQR 68–840). All patients presented with worsening heart
failure requiring inotropes. Mean LVAD flow was 4.7 ± 2.1 liters/minute.
Mean peak LDH at admission was 409 ± 99 U/L. Computed tomography
angiography identified OGO in 1 out of 3 patients. Invasive hemodynamic
assessment identified a high OGO gradient in all 4 patients. Successful percutaneous stenting of the OGO was performed in 3 cases with
complete resolution of the OGO gradient (Figure). Surgical revision of the
OGO was performed in 1 case. At 6 months, 75% of patients were alive
without device exchange.
Conclusion: OGO is an important and potentially reversible cause of LVAD
dysfunction. We report the clinical utility of percutaneous treatment for
OGO. Invasive LVAD interrogation is a highly sensitive measure of OGO
and requires further study.

Study: In the current era of continuous flow (CF) left ventricular assist
devices (LVADs), the decision of whether a patient will tolerate isolated
LVAD support or will need biventricular support (BVAD) can be challenging. Incorrect decision making with delayed right ventricular assist device
(RVAD) implantation results in increased morbidity and mortality. We
undertook this study to determine predictors that identify patients who
are candidates for isolated CF LVAD therapy as opposed to biventricular
support.
Methods: We reviewed demographic, echocardiographic, hemodynamic
and laboratory variables for 206 patients who underwent a long-term
mechanical circulatory support implantation between 2004 and 2016
(LVAD=135, BVAD=71).
Results: Sixty preoperative risk factors were compared between patients
who were successfully managed with an LVAD and those who required a
BVAD. Eighteen variables demonstrated statistical significance by univariate analysis. Multivariable logistic regression analysis identified Destination Therapy (HR 2.0 [1.7–3.9], p =0.003), Pulmonary Artery Pulsatility
Index (PAPi) <2 (HR 3.3 [1.7–6.1], p =0.001), right ventricle/left ventricle
(RV/LV) end-diastolic diameter ratio >0.75 (HR 2.7 [1.5–5.5], p =0.001), RV
stroke work index <400 mmHg x mL/m2 (HR 4.3 [2.5–7.3], p <0.001), the
United Network for Organ Sharing (UNOS) modified Model for End-Stage
Liver Disease eXcluding INR score (MELD-XI) >17 (HR 3.5 [1.9–6.9], p
<0.001) as the major criteria predictive of the need for biventricular support. Utilizing these data, a highly sensitive and easy to use risk score for
determining RV failure was generated, and istitutionally defined ‘ALMA
score’, which resulted to outperform other established risk stratification
tools.
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Synchronization of a Soft Robotic Ventricular Assist Device to the Native
Cardiac Rhythm Using an Epicardial Electrogram
D. Bautista-Salinas,1 P. E. Hammer,1 C. J. Payne,2 I. Wamala,1 M. Saeed,1
N. V. Vasilyev.1 1Department of Cardiac Surgery, Boston Children’s Hospital,
Harvard Medical School, Boston, MA; 2John A. Paulson Harvard School of
Engineering and Applied Sciences, Harvard University, Cambridge, MA.

Chronic Administration of Electrical Microcurrent to the Heart is Safe
and Does Not Impair Cardiac Function
J. Mueller,1 T. Giesel,1 T. Toellner,1 K. Brandes,1 B. Kapeller,2
A. Strautmann,1 A. Prehn,1 R. Alnajjar,1 B. K. Podesser,2 A. Kramer,2
P. Goettel,1 K. Macfelda.2 1Berlin Heals, Berlin, GERMANY; 2Medical
University of Vienna, Wien, AUSTRIA.

Study: Soft robotic devices have been proposed as an alternative method
for ventricular assistance. Unlike conventional impeller-based ventricular
assist devices (VADs) that replace the heart function, soft robotic VADs
use artificial muscles that are designed to contract and relax in conjunction with the heart. Effective synchronization of soft robotic VADs
is a critical requirement to ensure effective function of the device and
maximal cardiac output. In this study, we evaluated the feasibility of
directly measuring ventricular electrical activity from the heart surface as
a control input to synchronize the device with the heart.
Methods: In vivo studies (n=2) were performed in adult Yorkshire pigs. A
soft robotic device that has been previously developed by our group was
implanted into the right ventricle. The heart rate was 98-113bpm. To read
the electrical signal, two temporary cardiac pacing wires (Ethicon, USA)
were sutured to the epicardium at different locations (FIG.1A) and connected to a custom-built signal conditioning amplifier (FIG.1B). We used
an instrumentation amplifier, AD624AD (Analog devices MA, USA), and
a band-pass filter. The signal from the amplifier was sent to a real-time
controller (cRIO 9030, National Instruments, USA) that was used to trigger
the device. A thresholding function was implemented within the cRIO to
trigger the device using the R-wave positive slope.
Results: The epicardial signal was amplified from 8-12mV to a maximum
of 5V, with a 500 gain (FIG.1C). Using the proposed triggering method,
the device was synchronized to the heart and actuated in systole during
35% of the cardiac cycle and relaxed in diastole. The pulmonary artery
flow improved from 1.34 ± 0.15 L/min to 2.45 ± 0.17 L/min. There was
no delay between right and left ventricle signal; therefore, we could use
both signals to ensure redundancy and improve system robustness. The
measured epicardial electogram signal was not affected after implantation of the device.

Study: Clinical application of electrical signals from CRT or CCM devices
improves cardiac function beyond the restoration of a synchronized
cardiac excitation. Electrical microcurrent (EMC) improves myocardial
function and modifies extracellular matrix components. We examined
whether the chronic application of EMC of 5µA per cm2 impairs cardiac
function in order to evaluate the upper safety margin for the application
of EMC for the treatment of patients with heart failure.
Methods: By a small left thoracic incision, five healthy sheep (mean
weight / age at baseline, 70.8 kg /2.2 years) were provided with a
platinum patch lead (active surface, 36 cm2) which were placed at the epicardial site of the left ventricular free wall. In order to make sure that the
EMC penetrates the myocardium, a coil electrode was implanted transvenously into the right ventricle as counter electrode. Both leads were
connected to a generator which supported the leads with an EMC of 180
µA over a period of 195 days. Besides a set of different blood chemistry
and blood cell count parameters, left ventricular ejection fraction (LVEF)
and fractional shortening (FS) were serially (12 times) performed by echocardiography and were evaluated statistically by non-inferiority testing.
Results: Over the observation period the mean LVEF increased by 1.4 %
from 71.4 to 72.8 % which was not significant. The probability to impair
the LVEF through EMC by more than 3.9% within 6 months is less than
5 %. The mean FS rose by 4.6 % from 44.8 to 49.4% which just missed
statistical significance (P=0.068). A reduction of the FS by more than 5%
induced by chronic EMC application is unlikely (0.05 %). Alterations of
the ECG were not observed. All blood chemistry and blood cell count
parameters remained in the normal ranges. The chronic administration
of EMC of 5µA per cm2 to hearts of healthy sheep is safe and does not
compromise heart function.
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ECMO Utilization and Short-term Outcomes in Pediatric Patients with
Congenital Heart Disease
P. Madera, A. Martinez Herrada, B. Totapally. Nicklaus Children’s Hospital,
Miami, FL.

Lactate Dehydrogenase Levels as Predictors of Acute Kidney Injury in the
Setting of Pump Hemolysis in LVAD Patients
G. Murtaza, T. Yousuf, A. Rifai, C. Desai. UIC/Advocate Christ Medical
Center, Oak Lawn, IL.

Study: 75% of neonatal and pediatric patients requiring extracorporeal
life support have a diagnosed congenital heart defect. Cardiac surgery is a
major risk factor. Here, we describe the expanding utility and short-term
outcomes for extracorporeal membrane oxygenation (ECMO) in children
with congenital heart disease (CHD).
Methods: A retrospective, cross-sectional study utilizing the 2012 Health
Care Cost and Use Project, Kids’ Inpatient Database. Patients from 1
month to 19 years of age were identified using ICD-9 codes. Mortality during admission was compared based on admitting diagnoses for
children with CHD requiring ECMO. Analyses were weighted to present
national estimates.
Results: 55,998 patients with CHD were identified. 320 (0.6%) of these
patients required ECMO during admission. The predominant age group
was 1 month to 1 year (59.9%). 53.6% were male and 48% were white.
The most common group of CHD associated with ECMO use was bulbus
cordis anomalies (15%). 56% needed ECMO during the same admission
they had cardiac surgery. Mortality of CHD patients requiring ECMO was
48%. Admitting diagnoses of all patients and mortality for each one is
listed below. The only diagnosis associated with higher mortality rate was
transposition of great vessels (TGA) (p<0.05).

Study: Despite advances in the technology of Left Ventricular Assist
Device (LVAD), pump hemolysis and or thrombosis remains one of the
most serious complications leading to an elevated mortality and morbidity. While lactate dehydrogenase (LDH) is used as one of the criteria to
diagnosis pump hemolysis, it has rarely been studied as a predictor of
adverse outcomes. Our goal was to determine if any relation existed
between LDH levels and acute kidney injury (AKI) in the setting of pump
hemolysis in LVAD patients.
Methods: This retrospective study analyzed the laboratory findings of
180 patients implanted with HeartMate II LVADs between 2005 and 2015
at our institution. Pump hemolysis was defined as LDH greater than 2.5
times its baseline value. AKI was defined as creatinine rise of 0.3mg/dl
from its baseline value.
Results: The prevalence of pump hemolysis was 21.1% (n=38). There
were a total of 86 hemolytic events. The 66 events that were complicated by AKI had a higher peak LDH level compared to the 20 events
not complicated by AKI (1874.3 ± 1244 vs. 1255 ± 832.2, p=0.04). Given
these results, it may be possible to use LDH levels as markers for worse
outcomes as well as a predictor of AKI in this patient population. Further
studies are needed to explore these findings.

MAT

Admitting Diagnoses of CHD patients requiring ECMO
Admitting Diagnosis
Bulbus cordis anomalies (Common
truncus, transposition of great
vessels, double outlet right
ventricle, tetralogy of Falot,
common ventricle)
Septal defect (ASD, VSD,
endocardial cushion defect)
Valvular defect
Hypoplastic left heart syndrome
Anomalies of aorta
Acute respiratory failure
Heart failure
Cardiac device complication
Respiratory infection

n (%)

Died during
hospitalization

48 (15%)

27

34 (10.6%)

15

25 (7.8%)
27 (8.4%)
10 (3.1%)
14 (4.4%)
22 (6.9%)
17 (5.3%)
11 (3.4%)

13
17
5
4
11
7
2

214
Management of Heart Failure Patients Based on Pulmonary Artery
Pressure Measurements Using CardioMEMS - Single CenterExperience
H. Krishna, M. Bahrami, C. Boyd, J. Jackson, K. Baxter, D. Ishizawar,
M. Saltzberg, M. Conti, N. Gaglianello, A. Mohammed. Cardiology,
Medical College of Wisconsin, Milwaukee, WI.
Study: CardioMEMS is an implantable, wireless pulmonary arterial pressure (PAP) monitoring system that transmits the patient’s PAP. Medication management based on PAP has been shown to significantly reduce
HF-related hospitalizations. The complication rate with such an approach
in the clinical trial was very low. However, real life experiences with CardioMEMS outside clinical trials have not been reported.
Methods: We are reporting a single academic center experience with
CardioMEMS in managing heart failure patients.
Results: At our institution, a total of 17 CardioMEMS have been
implanted between March, 2016 and Jan, 2017. 12/17 (70.5%) had
heart failure with reduced ejection fraction. Average follow up time
from implant was 6 months. There were a total of 47 admissions in the
year prior to the implant with a 30 day readmission rate of 21.2%. Post
implant, only 10 admissions were noted with zero 30 day readmissions in
this group. No complications at the time of implant were noted. However,
the overall complication rate with medication management based on PAP
was 29% (5/17 patients). 4/17 (23.5%) developed renal failure requiring
an admission. Readings were inaccurate in 2/17 (11.4%) patients and had
to be recalibrated with a repeat right heart catheterization. Medication
management of heart failure patients using CardioMEMS based PAP readings was very effective in reducing heart failure readmissions. However, it
comes with a relatively high but reversible complication rate.
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Six-minute Walk Distance Under 200 Meters Predicts 30-day Heart
Failure Readmission
H. Krishna, M. Conti, M. Syversen, C. Phillips, J. Stumpe, N. Gaglianello,
D. Ishizawar, M. Widlansky, M. Saltzberg, A. Mohammed. Cardiology,
Medical College of Wisconsin, Milwaukee, WI.

PCC Use in VAD Implantation
Y. D. Barac, N. K. Hashmi, I. Welsby, P. Henkel, L. J. Blue, C. B. Patel,
M. A. Daneshmand, J. N. Schroder, C. A. Milano. Duke Medical Center,
Durham, NC.
Study: VAD implantation is associated with a high risk of bleeding
which is attributed to a number of patient and device-related factors.
Therefore, these patients may benefit from non-activated prothrombin
complex concentrates (PCC) post-surgery. High dose PCC administration
has been associated with thrombotic complications in the non-surgical
setting. Since VAD thrombosis is a serious complication and can be seen
in patients with inadequate anticoagulation or prothrombotic states, we
investigated the safety of low dose PCC use in the management of bleeding after VAD implantation.
Methods: 230 patients undergone VAD implantation (149 Durable VADs)
at our institution between January 2014 and March 2015 and were retrospectively analyzed. PCC was used in 13 cases. We monitored their short
term and long term survival as well as development of pump thrombosis,
CVA or PE.
Results: Of the 13 cases who received PCC, 8 were implanted with a durable VAD (4 HMII, 3 HVAD, 1 HMIII); The average age was 62 years, 6 were
male, for 4 HF cause was ICM. LVAD implantation was a redo sternotomy
for one patient and 4 patients underwent a concurrent cardiac procedure
at the time of implantation. None of the patients who received durable
LVADs and PCCs, suffered from CVA, PE or pump thrombosis. Out of the
short term VAD cohort 3 were Centrimag and 2 were PVAD, average age
was 36.4 and 4 were male. The HF cause was NICM for 2 patients, it was
a redo surgery for 1 patient and 1 patient had concurrent procedure
performed. Of the patients treated with temporary VADs and PCCs, 2
patients had pump thrombosis events which required pump replacements, 1 patient developed a PE and none suffered from CVA.
Conclusion: PCC may need to be administered for severe bleeding in the
setting of coagulopathy after VAD implantation. In this small cohort of
durable VAD patients, use of PCC was not associated with pump thrombosis. However, thrombosis was noted in patients implanted with a short
term VAD where historically lower rates of thrombosis are observed.
Further studies are needed to validate these associations.

Study: With a 30-day all cause readmission rate around 23%, individuals
with heart failure (HF) are a medically high risk and costly patient population. Though predictive models have been developed for readmission
based on descriptive variables, many of these tools are cumbersome and
limited in prognosticative capacity. A few studies have examined the role
of the six-minute walk test (6MWT) and found good predictive ability for
both 30-day and 1-3-year readmission rates. The goal of this study was
to further elucidate the prognostic ability of the 6MWT in stage C/D HF
patients with NYHA class IIIb-VI symptoms.
Methods: We prospectively enrolled 79 patients admitted to our stepdown units. 6MW testing was done prior to discharge. Kaplan-Meier
curves and cox proportional hazard models were constructed to compare
30-day survival free of readmission of patients who walked ≥200m versus
<200m.
Results: 83 patients were admitted to the step-down units with a primary
or secondary diagnosis of heart failure at Froedtert hospital between
October 2016 and January 2017. 4 patients in this group had ventricular
assist devices and were excluded from analysis as their mechanically
supported cardiac output was thought to confound the functional assessment. The remaining 79 patients were stratified into those able to walk
≥200 m (n = 43) and <200 m (n = 36). The mean age of the group was
65, 58% were men, the mean EF was 24%. Overall, 15 of the 79 patients
(19%), were readmitted by 30 days with 2 deaths (2%). Kaplan-Meier survival curves (figure 1) show a significant difference between the groups
(log rank test P = 0.046) with fewer admissions in the ≥ 200m group.
Patients with 6MWT <200m were 3.4 times more likely to be readmitted
within 30 days (P = 0.06). 6MWT distance <200m was associated with an
increased risk of 30-day hospital readmissions. The 6MWT could be used
as a low-cost tool to determine readiness for discharge in this population.
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Left Ventricular Assist Device Driveline Infection and Obesity
M. H. Akay, S. Nathan, R. Radovancevic, I. Candelaria, B. Averill,
C. Patel, M. Patel, P. Loyalka, B. Kar, I. D. Gregoric. The University of Texas
Health Science Center, Houston, TX.

Inflow Cannula Position Variability Between 2nd and 3rd Generation
Left Ventricular Assist Devices
J. Jahanyar, A. Sadiqi, L. Staley, W. Freeman, R. Scott, P. DeValeria,
O. Pajaro. Mayo Clinic, Phoenix, AZ.

Study: A wide range for the incidence and prevalence of driveline infections (DLI) have been reported. Implant time to date, younger age, low
body mass index (BMI), malnutrition, and exit-site trauma have all been
reported as risk factors. Previous reports have shown significant differences in DLI among patients with higher BMI using pulsatile first generation pumps.
Methods: We retrospectively analyzed data from our left ventricular
assist device (LVAD) patient population to determine if there is any relationship between BMI and DLI.
Results: From May 2012 to July 2016, 222 patients underwent LVAD
implantation. We found 178 men (80%) and 44 women aged 55 ± 12 years
received HeartMate II (n=164), HeartMate 3 (n=6) or HeartWare (n=52)
LVADs, 35% as bridge to transplant and 65% as destination therapy. In this
cohort, 36% were Intermacs profile I and 29% were Intermacs profile 2.
We found that 45% of patients (n=99) had a BMI ≥ 30. Of 222 patients,
45 had DLI or 1.30 per 100 patient months. On average, DLI onset was
267 ± 250 days after LVAD implant. Patients who had DLI were younger
(51 ± 12 vs 56 ± 12 years, p=0.013) and had higher BMI (33.5 ± 8.3
vs 28.8 ± 7.5, p=0.0003) as well as body surface area (2.19 ± 0.34 vs
2.02 ± 0.27, p=0.0027) than those without infection. These were the only
significantly different characteristics between the two groups. Out of 99
patients with a BMI ≥ 30, 29 patients developed DLI (29%) compared to
only 18 out of 123 patients with a BMI < 30 (13%), p=0.009. There was a
significant correlation between BMI and DLI (R=0.244, p<0.0001). Age was
inversely correlated with DLI (R= -0.176, p=0.009).
The frequency of obesity contributed to the incidence of DLI in our
patient population. It seems using procedures such as gastric sleeve to
decrease obesity are warranted in LVAD patients, in order to reduce DLI
and improve outcomes.

Study: A 73-year-old male underwent Heartmate II LVAD placement as
destination treatment for non-ischemic cardiomyopathy.
Methods: The initial implantation was uneventful, except that LVAD
positioning was restricted by the patient’s body habitus and narrow
chest cavity. It was noted early postoperatively, that the inflow cannula
was malaligned towards the ventriculo-apical septum and inflow was
therefore restricted and did not allow for acceptable left ventricular
unloading despite high revolutions per minute. The patient however, did
improve over the course of the following 270 days. He then returned to
the hospital with possible pump thrombosis, and an LDH in the 600s-700s
versus a baseline of 250–300. A pump exchange was warranted, but due
to the previously encountered chest wall restrictions, it was decided to
change the Heartmate II to a Heartware device instead. The operative
course was unremarkable, and despite utilizing the same apical myotomy,
the position of the new inflow cannula was naturally aligned towards the
mitral valve with improved unloading of the left ventricle.
Results: Due to fewer spatial degrees of freedom, the smaller pump
size, and a slightly shorter inflow cannula of the Heartware LVAD, better
alignment of the inflow cannula can be achieved, without changing the
original apical myotomy. The implanting surgeon should consider these
factors in choosing the appropriate replacement LVAD.
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The Effect of Extreme Hemodilution with Crystalloids and Colloids on
Platelet Aggregability
J. Simoni,1 G. Simoni,1 J. F. Moeller,1 J. X. Castillo, III,2 P. Simoni,3
D. E. Wesson.4 1Artificial Blood & Artificial Organs, Texas
HemoBioTherapeutics & BioInnovation Center, Lubbock, TX; 2School of
Medicine, Universidad Autónoma de Guadalajara, Zapopan, MEXICO; 3School
of Pharmacy, Texas Tech University Health Sciences Center, Lubbock, TX;
4
Baylor Scott & White Health, Texas A&M College of Medicine, Temple, TX.

Evaluation of Doxycycline’s Effect on vWF and Platelets in the Presence
of Haemolysis
C. R. Robinson, I. L. Pieper, V. Kanamarlapudi. Swansea University,
Swansea, UNITED KINGDOM.
Study: Bleeding is a common side effect in VAD-patients, and has been
linked to degradation of high molecular weight von Willebrand Factor
(vWF). Doxycycline is an inexpensive and clinically approved antibiotic,
shown to inhibit ADAMTS-13 mediated vWF degradation following shear
stress. Hence, Doxycycline has the potential to be used in VAD-patients
to prevent bleeding. However, VAD-patients suffer from haemolysis and
free haemoglobin (fHb) binds vWF and increases its affinity for platelets
thus promoting thrombosis. The purpose of this study was to evaluate the
feasibility of using Doxycycline to prevent bleeding by measuring its effect
on vWF and platelets in the presence of clinically relevant levels of fHb in
plasma and whole blood in vitro.
Methods: Bovine and human whole blood, platelet-rich plasma and
platelet-poor plasma spiked with fHb, were subject to shear stress in
vitro +/- Doxycycline. Platelet function and vWF activity and integrity was
analysed using flow cytometry, ELISA, immunoblotting and ristocetininduced platelet aggregometry. Measurements are ongoing for further
data collection.
Results: Shear stress leads to reduced vWF activity and integrity. However, these effects can be minimised with Doxycycline or haemoglobin.
Preliminary immunoblotting and ELISA indicate that collagen binding
activity is enhanced following shear at 4000 s-1 (73% vs. 84%) and 8000 s-1
(47% vs. 79%). This study suggests that fHb enhances ristocetin-induced
platelet aggregation at 4000 s-1 (66% vs. 87%) and 8000 s-1 (40% vs. 51%).
Further studies are ongoing to increase sample size. Shear stress results in
vWF degradation and reduced platelet function, which may be contributing to gastrointestinal bleeding in VAD patients. Furthermore, fHb seems
to be protective of vWF degradation and enhances platelet aggregation.
As such, vWF may be lost in platelet aggregates. Thus, fHb levels could
reduce the risk of gastrointestinal bleeding, but contribute to the development of thrombosis in LVAD patients.

Study: Extreme hemodilution inevitably decreases the incidence of blood
transfusions; however its impact on hemostasis still remains controversial. There is much evidence that alterations in hemostasis are caused by
dilutional coagulopathy. The effect of extreme hemodilution on platelet
adhesion and aggregation remains debatable. The aim of this study was
to assess the effect of crystalloids and colloids, as currently used in resuscitation, on platelet aggregability.
Methods: Samples of citrated fresh human whole blood were diluted in
vitro with different crystalloids (0.9% NaCl, Baxter HealthCare, Deerfield,
IL; Normosol R, pH 7.4, Hospira Inc., Lake Forest, IL; or Lactated Ringer’s,
Hospira Inc.) or colloids (Albuminar 5% Intravenous, CSL Behring, King
of Prussia, PA; LMW Dextran 40, Hospira Inc.; or Hespan 6%, B. Braun
Medical, Inc., Bethlehem, PA). Diluted samples (“three-to-one” rule for
crystalloids and equivalent of 35 mL/kg BW for colloids) were incubated
at 37 deg C for 1 hr, and separated platelet rich plasma (PRP) was subjected to platelet aggregation test induced by ADP, arachidonic acid (AA),
epinephrine (EPI) and collagen (COL) on Lumi-Aggregometer (Chrono-Log
Corp., Havertown, PA). All experiments were performed in triplicate using
untreated blood as a control. Data were subjected for statistical analysis.
Results: All crystalloids did not significantly impact platelet aggregation in
response to tested agonists. 5% Albuminar also was ineffective. Marked
decrease in platelet aggregability (both the extent of aggregation and the
lag time) was observed with Dextran and to a lesser extent with Hespan;
which impaired platelet responses to ADP, AA, EPI and COL.
Conclusions: This data suggest that Dextran in particular, has a specific
antithrombotic effect, which may contribute to coagulopathies observed
during extreme hemodilution.
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Elevated Heart Rate in Left Ventricular Assist Device (LVAD) Patients:
Good or Bad?
H. H. Choi, R. Alharethi, A. Eisenbeiss, D. Rees, H. Aoki, S. Stoker, K.
Graham, W. T. Caine, K. Afshar, B. Rasmusson, B. B. Reid,
A. G. Kfoury. Mechanical Circulatory Support, Intermountain Medical
Center, Murray, UT.

Efficacy of Tolvaptan Therapy in Stage D Heart Failure Patients After
LVAD Implantation
G. Gavrilos, K. Meehan, A. A. Andrade, N. Selk, W. Cotts, G. P. Macaluso,
S. Pauwaa, R. Siemeck, G. Bhat, A. Tatooles, P. Pappas. Advocate Christ
Medical Center, Oak Lawn, IL.
Study: Hypervolemic hyponatremia is often seen in end-stage heart
failure due to neurohormonal activation. Serum sodium may worsen
despite fluid restriction and diuresis with loop diuretics, increasing risk
for neurological complications. Hyponatremia portends a poor prognosis.
Tolvaptan, an oral vasopressin-2-receptor antagonist, has demonstrated
appropriate aquapheresis with improvement in hyponatremia in patients
with heart failure. There is currently no evidence regarding the safety
and efficacy of tolvaptan in patients with stage D heart failure who have
undergone left ventricular assist device (LVAD) placement.
Methods: We identified all patients who received tolvaptan for hypervolemic hyponatremia at our institution from December 2015 to December
2016. Those who received tolvaptan after LVAD were included in the
analysis.
Results: We report tolvaptan use in 6 inpatients with persistent heart
failure despite LVAD therapy. Five were supported by a St. Jude HMII
and 1 by a HeartWare HVAD. All 6 patients demonstrated evidence of
severe right ventricular failure. Implant dates ranged from 2009–2016.
Six patients received a total of 26 doses of tolvaptan. The average dose
of tolvaptan administered was 17.3 mg. The average number of days
of therapy was 4.3. Concomitant loop diuretic therapy was utilized in
100% of these patients. The average serum sodium concentration prior
to tolvaptan initiation was 124.3 mmol/L. Post-treatment, the average
was 130.6 mmol/L. There was no incidence of sodium over-correction.
Average 24-hour urine output prior to initiation was 2.7L. Average
24-hour urine output during therapy was 4.3L. There was no change in
average serum creatinine during therapy. Our experience demonstrates
the potential utility of vasopressin-2-receptor antagonist therapy in
LVAD patients with hyponatremia and volume overload. Tolvaptan in this
population results in safe improvement of serum sodium levels and relief
of congestion without renal function compromise.

Study: Elevated resting heart rate (HR) portends poor outcomes and
shorter life expectancy in the general population and especially in heart
failure (HF) patients. LVADs have proven morbidity and survival benefits
in end-stage HF but little is known about the impact of HR on outcomes
post-LVAD. In this study we investigate whether an elevated HR post-LVAD
has any influence on survival.
Methods: The Intermountain Artificial Heart Program’s database was
queried for HeartWare™ and HeartMate II™ patients implanted between
Jan 2004 and Oct 2015. HR values were documented at every provider
encounter staring 1 week post-implant until 1 year post-implant. Average HR for each patient was computed and values outside 3 standard
deviations were excluded. The range of HR values was divided into equal
quartiles, and hazard ratios were calculated showing significance around
90 bpm. Therefore, 90 bpm was chosen as the binary divider and KaplanMeier (KM) analysis was done to compare survival. For patient demographics, comparisons between the >90 bpm and ≤90 bpm groups were
made using a 1-tailed t-test.
Results: 135 implants were included in the analysis. Average age at
implant and support time between the >90 (55.7 ± 14.5, 408.8 ± 529.8
days) and ≤90 groups (59.5 ± 12.6, 436.2 ± 356.6 days) were not significantly different (p = 0.058 and p = 0.36, respectively). KM survival based
on HR is shown in the figure below. Elevated HR remains a predictor of
worse survival even in mechanically supported HF patients. Whether it
is a reflection of continued neurohormonal imbalance in some patients,
inadequate left ventricular unloading, or more significant co-morbidities
deserves further investigation.
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Bridging to Heart Transplantation (BTT) in Seputagenarians with LVADs
E. DePasquale, A. Salimbangon, A. Chang, L. Reardon, D. Vucicevic,
L. Honoris. Ronald Reagan UCLA Medical Center, Los Angeles, CA.

Single Center Experience of Bivads
G. P. Macaluso, A. A. Andrade, K. Meehan, W. Cotts, S. Pauwaa, G. Bhat,
R. Siemeck, A. Tatooles, P. S. Pappas. Advocate Christ Medical Center,
Oak Lawn, IL.

Study: The proportion of septuagenarians undergoing heart transplant
is small. Studies have demonstrated acceptable though mildly reduced
survival in this population. The impact of BTT LVADs on post-transplant
survival is not well described.
Methods: 676 pts who underwent heart transplant between Jan 1989June 2016 were identified in the UNOS registry, of which 147 (22%) were
BTT with LVADs. Exclusions included: age < 70y, need for biventricular
VADs. Survival was censored at 5 & multivariate Cox proportional hazard
regression models were adjusted for sex, diabetes, race, ischemic time,
wait time, HLA mismatch, preoperative life support, and dialysis.
Results: The LVAD group was slightly younger than the non-LVAD group
(LVAD vs non-LVAD: 71 ± 2 y (IQR 70–72) vs 72 ± 2 (IQR 70–73), p=0.022).
The BTT LVAD group was more likely to have diabetes (35% vs 24%,
p=0.006), longer wait time (152 d vs 46 d, p<0.001), and lower pulmonary
arterial systolic (39 ± 13 mmHg vs 42 ± 13 mmHg, p=0.030) and wedge
pressures (16 ± 8 mmHg vs 18 ± 8, p=0.002). In addition, no difference
was observed in donor age or cause of death (non-cardiovascular vs
cardiovascular) post transplant. Survival is shown in Figure. Unadjusted
hazard ratio (HR) for all-cause mortality is 1.22 (CI 0.74–2.03, p=0.429).
Following adjustment the HR is 1.09 (CI 0.65–1.83, p=0.748).
Conclusions: Septuagenarians have comparable long-term survival
following heart transplant irrespective of need for BTT LVAD. Increased
early mortality is observed in the LVAD group, which may potentially be
mitigated by patient selection and other operative factors.

MAT

Study: Right ventricular failure remains a significant problem in those
supported by durable left ventricular assist devices (LVADs). Studies suggest up to 30% of patients require mechanical right ventricular support
or inotropic therapy post-LVAD implantation. Current data suggests that
many of these patients are INTERMACs Profile 1 and that concomitant
RVAD implantation (at the time of LVAD) may be superior to delayed
implantation (after LVAD has been placed).
Methods: We reviewed all patients who received durable RVAD support
for right ventricular failure at our institution from December 2013 to
December 2016.
Results: Fourteen patients required durable RVAD support. Twelve of
14 patients were INTERMACs Profile 1. Seven patients received concomitant RVAD and 7 patents received delayed RVAD implantation. Ten
patients survived to discharge, 2 patients expired in the hospital, and 2
patients who were recently implanted, remain hospitalized. Four patients
have successfully undergone heart transplantation. Three are currently
listed for heart transplant. Thirty day survival was equal in concomitant vs delayed RVAD implantation. Our experience demonstrates that
INTERMACs 1 patients can be successfully implanted with durable bivad
support as a bridge to cardiac transplantation. Furthermore, delayed
RVAD implantation may have comparable outcomes to concomitant RVAD
implantation. Additional investigation is necessary.

256
Center Variability in Pediatric VAD Discharge: How Do We Learn from
Each Other?
A. Schubert, M. Ploutz, L. Burkhart, C. Villa, A. Lorts. VAD Program,
CCHMC, Cincinnati, OH.
Study: The use of adult-designed mechanical circulatory support (MCS)
devices is increasing in children. Patients on these devices can be discharged from the hospital to wait for transplant or for chronic therapy. A
recent study found less than half of pediatric patients with adult devices
are discharged from implanting centers. We sought to examine reasons
why these children remain inpatient.
Methods: A 20 question survey was distributed to Pediatric VAD Coordinators via email list-serve. This survey was focused on pediatric patients,
under 19 years, implanted with a durable dischargeable device: Heartmate II, Heartware, & Syncardia TAH. Questions focused on discharge processes including number of pediatric implants, percentage of discharged
patients, transplant listing, and common reasons patients were unable to
leave the hospital.
Results: 12 VAD Coordinators completed the survey from 12 institutions.
Each Coordinator’s center implanted at least 1–3 pediatric patients and
only one had not discharged a pediatric patient with a durable device.
Two thirds of the group have discharged less than 6 patients total. All
centers considered discharge planning at the time of implant. Similar to
Pedimacs data, the survey reported less than 50% of these patients were
discharged. 75% of centers reported that medical instability was the most
common reason patients were not discharged. Other reasons included
patient/family readiness, short transplant wait time, and team inexperience with discharge. Distance from implanting center was not a concern.
Two centers were able to discharge all eligible patients. Discharge typically occurred 1 to 3 months from implant.This survey demonstrated
variable discharge practices and discharge success across centers. Further
examination of effective programs and additional review of discharge
processes may provide insight on practices to improve discharge in this
population.
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Impact of Multiple Sternotomies on Heart Transplant Survival
A. Salimbangon, A. Chang, D. Vucicevic, L. Honoris, L. Reardon,
E. C. DePasquale. UCLA, UCLA, Los Angeles, CA.

Development of a Model to Predict Central Venous Pressure in
SynCardia 50cc TAH-t Patients
J. R. Crosby, E. Betterton, K. DeCook, P. Tran, R. Smith. Banner University
Medical Center Tucson, Tucson, AZ.

Study: Increasingly complex patients are considered for heart transplantation, such as those with multiple prior cardiac surgeries. The impact of
sternotomy frequency is not well described.
Methods: 1759 pts who underwent heart transplant between 1999–2003
were identified in the UNOS registry and were grouped by number of
sternotomies. Exclusions included: age < 18y. Survival was censored
at 12y & multivariate Cox proportional hazard regression models were
adjusted for age, sex, diabetes, race, ischemic time, wait time, HLA mismatch, preoperative life support, and dialysis.
Results: 1759 pts were included who underwent 1 (n=1278), 2 (n=341) or
3 sternotomies during the study period. Overall baseline characteristics
were similar amongst groups with the following exceptions. Increased
VAD use was noted in those with more sternotomies (1 vs 2 vs 3: 0.3 vs
5.9 vs 7.1%, p<0.001) as well as increased waiting time (90 vs 118 vs 124
d, p=0.032). Survival is shown in Figure [1mo, 1y, 10y]: 1 [95, 87, 55%]
vs 2 [94, 85, 51%] vs 3 sternotomies [91, 83, 43%]. Unadjusted hazard
ratio (HR) for all-cause mortality (compared to 1 sternotomy) is 1.16 (CI
0.99–1.36, p=0.074) [n=2] and 1.36 (CI 1.09–1.70, p=0.008) [n=3]. Following adjustment, the HR is 1.13 (CI 0.93–1.36, p=0.215) [n=2] and 1.26 (CI
0.97–1.63, n=0.87) [n=3].
Conclusions: Increasing number of sternotomies confers increased risk of
mortality. This risk is seen early and persists throughout the study period.
Further work is needed to better assess how this risk may be mitigated.

Study: Fluid management is often a critical component in patient
management for mechanical circulatory support (MCS) device patients.
However, clinicians treating patients implanted with SynCardia’s total
artificial heart (TAH) are often unable to reliably measure patient central
venous pressure (CVP) due to danger of lines interfering with the TAH’s
mechanical valves. Previously, the Donovan Mock Circulation System
(DMCS) working in conjunction with a SynCardia total artificial heart
(TAH) has proven to be useful as a model of heart failure and platform for
cardiovascular simulations for MCS devices. Herein, we utilize the DMCS
with an affixed SynCardia 50cc TAH to develop a model for clinicians to
predict CVP in patients implanted with the 50cc TAH supported with the
Companion 2 Driver.
Methods: Using the previously described DMCS Training Platform with
an affixed 50cc TAH, driven with a Companion 2 Driver, we systematically
varied fluid volume of the DMCS (or CVP of the mock patient) between
0 and 25 mmHg, and vacuum (between 0 and -25 mmHg) and beat rate
(120, 130, and 140 BPM) of the Companion 2 Driver. Total cardiac output
was recorded at each of the tested settings. Data was collected in triplicate and averaged, see Table 1 for results. In instances where the TAH was
full-filling, FF was recorded in the data table and cardiac output was not
recorded.
Results: Data from this model can be utilized as a reference table and
guide to estimate patient CVP by looking up cardiac output and vacuum
parameters, provided on the Companion 2 Driver, and referencing the
corresponding CVP in the data table. Use of estimated CVP can be meaningful when managing patients undergoing dialysis, transitioning patients
to the Freedom Driver, and overall patient management. In the future,
a similar model will be created for the 70cc TAH. Thus, CVP for any TAH
patient, regardless of TAH size, can be estimated using this method and
simulation system.
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Evaluation of Late Follow-up in Patients with Pulmonary Insufficiency
Submitted to Intervention to Correct the Tetralogy of Fallot in
Cardiovascular Simulator
J. Fonseca,1 G. Furlanetto,1 O. Ibanez,1 B. Silva,1 A. Andrade,1 J. Biscegli,1 D.
Filho,2 J. Cardoso,2 J. Lucchi.3 1Bioengineering, Institute Dante Pazzanese
of Cardiology, Sao Paulo, BRAZIL; 2University of Sao Paulo, Sao Paulo,
BRAZIL; 3Electrical Engineering, Sao Judas Tadeu University, Sao Paulo,
BRAZIL.

Post Transplant Survival in Patients Bridged to Transplant with a
Ventricular Assist Device: Poor Outcomes Extend Beyond the Standard
Adolescent Age Group
R. Rizwan, R. Bryant 3rd, F. Zafar, C. Villa, A. Lorts, D. L. Morales. The Heart
Institute, Cincinnati Children’s Hospital Medical Center, Cincinnati, OH.
Study: Adolescents have poor outcomes for heart transplantation (HTx).
Whereas survival for all recipients ≥18y is thought be similar and better
than adolescents. We aim to see if the poor outcomes for HTx related
to adolescent age are also observed in recipients who are bridged to
transplant (BTT) with a Ventricular Assist Device (VAD), and if this effect
extends beyond the standard definition of adolescent age 12-18y.
Methods: All heart transplants BTT with a VAD in 8-39y recipients were
identified in the UNOS database (1/1/2005–6/30/2016). Based on the
Kaplan-Meier survival comparison for each age, patients were divided
into 3 groups: Group 1 (8-14y), Group 2 (15-29y) and Group 3 (30-39y).
Post-transplant survival was compared between the 3 groups.
Results: A total of 1847 HTx were bridged with a VAD. A decline in postHTx outcomes was noted after 14y of age, which improved at around 30y
of age. Group 1 (8-14y) had 237 (13%) HTx, Group 2 (15-29y) had 787
(43%) HTx and Group 3 (30-39y) had 823 (44%) HTx. Group 2 (15-29y) was
found to have worse post-HTx survival compared to Group 1 (p<0.001)
and Group 3 (p=0.005). [Figure] On subdividing Group 2 into “Older
adolescents” (15-17y) and “Young adults” (18-29y), post-HTx survival was
similar between the two subgroups(p=0.353).
Conclusion: Older adolescents and young adults, both, have similarly poor
post-HTx survival when BTT with a VAD compared to other age groups.
These groups are generally lumped into different broad pediatric and adult
age groups; however, these similarities should be carefully considered when
formulating treatment protocols for older adolescents and young adults.

Study: The purpose of this study is to evaluate the late follow-up of
patients with pulmonary insufficiency submitted to intervention to correct the tetralogy of Fallot in the cardiovascular simulator (CS). However,
before of that, the CS was validated through comparison between results
obtained from simulations to clinical cases with patients with tetralogy of
Fallot.
Background: The tetralogy of Fallot is a congenital cardiopathy, which
is characterized by interventricular communication and infundibular
stenosis of right ventricle. Surgical treatment consists of the closure of
that interventricular communication and correction in the right ventricle
outflow obstruction. Most of patients submitted to this surgery shows
excellent diagnoses, however some of these patients develop pulmonary
insufficiency, which in some cases, can cause right ventricular systolic
dysfunction. The Computational Cardiovascular Simulator (CCS) is a
numerical model of cardiovascular system totally reconfigurable capable
to simulate diseases of circulatory system. Hybrid Cardiovascular Simulator (HCS) is a numeric (right heart) and a physical (left heart) tool capable
to simulate cardiovascular insufficiency.
Methods: Firstly, hemodynamic preoperative data from patients were
replicated in the CCS in order to reach similar values. After that, the same
cases were simulated at HCS, where some parameters were adjusted in
order to replicate each specific case.
Results: Collected hemodynamic pre-operative cardiovascular data from
selected patients were replicated at CCS and the results from simulation
were similar to clinical cases. The study in the HCS show similar results to
clinical data. Therefore, CCS and HCS were validated. In the next step of
our study, the pulmonary insufficiency and subsequently right ventricular
systolic dysfunction that happens in some patients at post-operatory
phase will be evaluated.
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Maximum Level of Mobility During Acute Mechanical Circulatory
Support with Axillary Deployment of the Impella 5.0 is Associated with
Improved Survival
M. Esposito,1 A. Kras,1 J. Jablonski,1 S. Krasney,1 M. Kiernan,1 A. Vest,1 D.
DeNofrio,1 G. Couper,1 D. T. Pham,2 N. Kapur.1 1The Acute MCS Working
Group, Tufts Medical Center, Boston, MA; 2Northwestern Memorial
Hospital, Chicago, IL.

Total Cohort Survivors Non-survivors
(n=11)
(n=6)
(n=5)
Age (years)
LVEF on Admission (%)
Number of Vasopressors/
Inotropes
Duration of Impella Support
(days)
Lactate (mEq/L)
Creatinine (mg/dL)
Mixed Venous Saturation (%)
Pulmonary Capillary Wedge
Pressure (mmHg)
Cardiac Index (L/min/m2)

Study: Mobility is an important indicator of recovery for patients with
cardiogenic shock (CS). No studies have quantified peak mobility for
patients with CS who are supported with the Impella 5.0 acute mechanical circulatory support (AMCS) device. The purpose of our study was to
evaluate mobility levels among patients with CS being treated with an
axillary Impella 5.0 pump.
Methods: We retrospectively analyzed data from 11 patients receiving an
Impella 5.0 device for CS at our institution from 2015–2016. We used the
Johns Hopkins Highest Level of Mobility (JH-HLM) Scale to quantify maximum mobility level achieved during active Impella 5.0 support. Higher
scores on a scale of 0 to 8 indicated more mobility. A score of 0 indicated
no mobility.
Results: The mean age of the total cohort was 60 ± 10 years, and the
mean left ventricular ejection fraction (LVEF) was 14 ± 6 %. 30-day
mortality was 45% (n=5). Of the 11 Impella 5.0 implants, 6 survived and
5 expired. Baseline clinical characteristics were similar between groups
(Table 1). Of the survivor cohort, indications for device therapy were
acute decompensated heart failure (ADHF; n=5) and ST-segment elevation
myocardial infarction (STEMI; n=1). Of the non-survivor cohort, indications included ADHF (n=3), STEMI (n=1), and post-cardiotomy CS (n=1).
Compared to non-survivors, more patients from the survivor cohort were
able to mobilize (83% vs 20%, survivor vs non-survivor, p=0.003). Compared to non-survivors, survivors achieved a higher maximum JH-HLM
level (5.8 ± 1.1 vs 1.0 ± 1.4, p<0.001; Figure 1).
Conclusion: Maximum mobility after Impella 5.0 implantation may be
associated with improved survival. The clinical utility of exercise as a
therapeutic intervention for patients requiring prolonged AMCS requires
further study.

94

60 ± 10
14 ± 6
1.5 ± 0.5

56 ± 10
12 ± 4
1.3 ± 0.5

66 ± 6
16 ± 8
1.6 ± 0.5

8.8 ± 5.9

7.9 ± 7.8

8.6 ± 4.2

2.5 ± 3.3
2.1 ± 0.8
54 ± 10
25 ± 5

4.0 ± 0.6
2.1 ± 0.5
54 ± 13
24 ± 3

1.6 ± 0.7
2.1 ± 1.1
54 ± 5
27 ± 6

2.4 ± 1

2.5 ± 1.3

2.3 ± 0.4

ASAIO CARDIAC ABSTRACTS
MAT

271

276

Outcomes of Patients with Acute Decompensated Heart Failure and the
Relationship to Diuretic Induced Weight Loss - Single Center Experience
C. P. Boyd, M. H. Bahrami, H. Krishna, A. Mohammed. Internal Medicine,
Medical College of Wisconsin, Milwaukee, WI.

HeartwareTM vs. Heartmate IITM: A Comparison of Post-implant Surgical
Recovery
A. A. Eisenbeiss, R. Alharethi, H. Choi, D. Rees, H. Aoki, S. Stoker, K. Graham,
W. Caine, B. Rasmusson, K. Afshar, B. Reid, A. G. Kfoury. Mechanical
Circulatory Support, Intermountain Medical Center, Murray, UT.

Study: Heart failure is one of the most common causes of hospital
readmission with almost 25% of patients being readmitted within the first
30 days. Our personal observations suggest that many of these patients
have not had adequate diuresis during previous admissions. We believe
that heart failure patients who undergo more adequate inpatient diuresis, measured by weight loss, would have better outcomes than those
patients without measurable weight loss.
Methods: A retrospective analysis was performed on all Froedtert hospital admissions from July 2015 to July 2016. Patients who were admitted
with a primary discharge diagnosis of acute decompensated heart failure
were eligible. Patients were treated according to attending discretion.
Admission and discharge weights were obtained for each patient and net
weight loss was obtained. Patients were divided into two groups, one
group of patients with net negative weight loss during admission and
those without weight loss (0 weight change or net positive). For these
two groups, 30 day all cause unplanned readmission %’s were calculated.
In addition, in hospital mortality as well as length of stay (LOS) index
(observed LOS/expected LOS) were also calculated.
Results: A total of 302 patients were analyzed in this study. 250 patients
had net weight loss and 52 had no net weight loss. Thirty day unplanned
readmission rates were 19.6% (49/250) in the net weight loss group and
25% (13/50) in the no net weight loss. Length of stay index was higher
in the weight loss group (0.92) vs non weight loss group (0.76) while
in hospital mortality was lower in the weight loss group (0.27) vs non
weight loss group (0.49). This preliminary study shows that there is a
trend toward lower readmission rates and lower mortality with measured
weight loss at the cost of longer LOS. Given costs of readmission, this
trend could indicate that increased LOS could be beneficial at reducing
costs by reducing readmissions via more adequate diuresis.

MAT

MAT

Study: The field of left ventricular assist devices (LVADs) has evolved from
pulsatile to continuous flow devices. Heartware™ (HW) and Heartmate
II™ (HMII), the leading continuous flow devices, have comparable survival
outcomes but the intra-pericardial HW implantation negates the need for
a sub-diaphragm device pocket. The purpose of this study is to determine
if this difference in implantation technique translates into post-implant
surgical recovery benefit.
Methods: The Intermountain Artificial Heart Program’s database was
queried for HW and HMII implants from January 2004 to January 2017.
Four parameters were evaluated as measures of post-operative recovery;
time to extubation, blood transfusions, ICU stay and implant to hospital
discharge time. Values above the 3rd quartile by more than 1.5 times the
interquartile range for each parameter were removed. A two-tailed T-test
was performed to determine significance in comparisons.
Results: 172 patients met study inclusion criteria; 97 HM II and 75 HW.
The average age (years) of HW (55.2) and HMII (59.2) was not statistically
significant (p=.07). The average pre-implant NYHA Class score for HW
(3.32) and HM II (3.35) was not statistically significant (p=.902). Outcomes
measured are summarized in the table below.

Mean

HMII
(n=97)

HW
(n=75)

P-Value

Time to Extubation (hrs)
PRBCs Administered
Implant to ICU Discharge (days)
Implant to Discharge (days)

82.13
5.8
10.36
22.04

22.5
.85
8.68
17.97

<.0001
<.0001
.027
.002

Our observations indicate a quicker immediate and intermediate postLVAD recovery in favor of the HW device. These benefits are likely related
to differences in the surgical implantation techniques. Whether this translates into more favorable long-term outcomes has not been definitively
answered in studies to date and deserves further investigation.

272
Assessing Contraction Kinetics and Sarcomeric Protein Expression in
Electrically Paced Engineered Heart Tissues
V. Keschrumrus,1 C. Lee,1 M. Galaz,1 A. Varela,1 H. Granzier.2 1Biomedical
Engineering, University of Arizona, Tucson, AZ; 2Cellular and Molecular
Medicine, University of Arizona, Tucson, AZ.
Study: In order to better recapitulate adult cardiac tissue, further engineered heart tissue (EHT) maturation is required to bring contraction
kinetics and sarcomeric protein expression closer to physiological levels.
Electrical pacing was applied to EHTs during culture to simulate systolic
function and promote construct maturity.
Methods: EHTs were fabricated from neonatal rats and electrically stimulated at either 0.5, 1, 2, or 4 Hz while in culture for 14 days. Contraction
kinetics were recorded daily and constructs were flash frozen for titin
isoform analysis via gel electrophoresis and Western blotting.
Results: Electrically paced EHTs showed improvements in contraction
kinetics and increased titin expression. Titin isoform analysis revealed
a shift in the N2B/N2BA isoform ratio. Constructs also had an increased
response to beta adrenergic stimulation.
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“Strategy Formulation” for the Assessment of Power Loss in the Total
Cavopulmonary Connection Zone
S. Muskawad, S. Sharma. Indian Institute of Technology, Bombay,
Mumbai, INDIA.

Time-related Risk of Adverse Events During Long-term Support with
HeartMate II
S. Poddi,1 L. A. Anwer,1 V. Tchantchaleishvili,1 L. D. Joyce,1 R. C. Daly,1
S. M. Dunlay,2 S. Maltais,1 J. M. Stulak.1 1Cardiovascular Surgery, Mayo
Clinic, Rochester, MN; 2Cardiovascular Diseases, Mayo Clinic, Rochester, MN.

Study: Total cavopulmonary connection (Fontan operation) is a commonly performed palliative operation for single ventricular morphological
congenital heart disease. The critical audit of power loss is important
as the single ventricle is supporting the blood flow across systemic and
pulmonary impedance in series.
The cavopulmonary connection is a zone where SVC and IVC blood
streams join and depart along right and left pulmonary arteries. Due
to anatomical factors and surgical SVC-IVC offset, the cavopulmonary
pathway evolves into asymmetric, irregular two inlet, two outlet complex.
With available CT/ MRI imaging and software tools patient specific
geometry can be created for power loss assessment using numerical
methods(CFD). The aim of this paper is to introduce a strategy for patient
specific power loss assessment which would enable the reporting and
comparative studies.
Methods: Defining the geometric limits of cavopulmonary connection
zone and standardization of inflow volumetric boundary conditions are
addresssed.
To represent geometric variability three CAD geometries for TCPC connections are created with increasing junction volume. The power loss
gradient is computed along the LPA and RPA up to 2 cm from the center
of the junction.
For the patient specific comparative study, power loss is computed for
a physiological range of velocities. The ratio of volumetric flow between
SVC and IVC is maintained as 1:3 The relationship of power loss versus the
total volumetric flow across TCPC is obtained. This non-linear relationship
signature helps to compare power losses.
Results: Power loss gradient along the inflows and outflows is very useful
parameter to define the geometric limits of the cavopulmonary connection zone. The non-linear relationship between total volumetric inflow
and power loss in cavopulmonary connection zone as defined by power
loss gradient method can be used for reporting the patient specific computational fluid dynamic assessments.

Study: Adverse events after left ventricular assist device (LVAD) implantation continue to detract from durable outcome, and may limit widespread
adoption of this therapy. Very little data exist evaluating the comprehensive, time-related risk of adverse events during long-term support with
the HeartMate II (HM2).
Methods: Between January 2007 and October 2016, 347 pt underwent
LVAD implantation at our institution; 270 (78 %) received the HM2 and
were included in. Risk of events through time on support was assessed
with restricted cubic splines.
Results: The median age at implant was 63 yr (range, 18–82) and 228 pt
were male (84%). The indication was destination therapy in 200 (74%),
and the etiology of heart failure was ischemic in 135 pt (50%). The
median cardiopulmonary bypass time was 102 minutes (range, 15–416).
Concomitant valvular surgery was performed on the tricuspid valve in 121
pt (45%) and the aortic valve in 36 (13%) pt. There were 21 early deaths
(7.8%). The median length of stay was 19 days (range, 5–384). Follow-up
was available in all early survivors for a median of 1.6 years (max., 9 years)
for a total of 572 pt-years of support. Survival after HM2 implant was
79%, 58%, and 42% at 1, 3, and 5 years, respectively. The risks of stroke
(p=0.038) and thromboembolic events (p=0.024) were highest early after
implantation, declined and then stabilized (Figure A,B). The risks of bleeding events (p=0.8) and percutaneous driveline infection (p=0.6) fluctuated
slightly over time on support (Figure C,D). Support with HM2 LVAD offers
very good survival and stable rates of adverse events extending late into
follow-up. Risk of stroke and thromboembolism decrease significantly
early after implant and remain stable late after implant, while bleeding
and driveline infection rates increase slightly up to 2 years before returning to rates similar to early after implant.
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Antithrombotic Guideline for the PumpKIN Trial: Design and Rationale
P. Massicotte,1 D. Rosenthal,2 W. Mahle,3 R. Jaquiss,4 S. Siami,5 T. Baldwin,6
C. Almond.2 1University of Alberta, Edmonton, AB, CANADA; 2Stanford
University, Stanford, CA; 3Childrens Healthcare of Atlanta, Atlanta, GA,
CANADA; 4University of Texas Southwestern, Dallas, TX; 5New England
Research Institute, Watertown, MA; 6National Institute of Health/National
Heart Lung Blood Institute, Bethesda, MD.

Perfluorocarbons and the Artificial Placenta: Preventing Injury and
Promoting Lung Development
J. T. Church,1 E. M. Perkins,1 M. A. Coughlin,2 J. S. McLeod,1 J. K. Bentley,1
R. Rabah-Hammad,1 R. H. Bartlett,1 G. B. Mychaliska.1 1University of
Michigan Health System, Ann Arbor, MI; 2Henry Ford Health System,
Detroit, MI.
Study: An Artificial Placenta (AP) using extracorporeal life support (ECLS)
is a promising treatment for extreme prematurity. We hypothesized that
intratracheal perfluorocarbon instillation during AP support would result
in less injury and greater lung development than intratracheal amniotic
fluid.
Methods: IACUC approval was obtained (protocol 7211). Lambs at EGA
116–121 days (term=145) were placed on venovenous ECLS with jugular
drainage and umbilical vein reinfusion and intubated. Airways were
managed either with instillation of amniotic fluid tracheal occlusion (TO;
n=4) or instillation of Perfluorodecalin (PFC) to a visible meniscus without
occlusion (n=4). After 7 days animals were sacrificed and lungs procured.
Tissue control (TC) lambs were delivered at EGA 125–131 and sacrificed.
Lungs were formalin-inflated to 30cmH2O and sectioned for histology.
Injury was assessed by a pathologist blinded to experimental group and
scored 0–4 in multiple categories. Lung slides were also immunofluorescently (IF) labeled for platelet-derived growth factor-α (PDGFR-α) and
α-actin, with co-localization of signals signifying positive alveolar tips. A
higher positive tip/total area fraction represented greater development.
Data were compared using t-test.
Results: Survival in the TO and PFC groups was 156 ± 14 and 168 ± 3
hours, respectively (p=0.18). Representative histology and IF is seen in
Figure 1. Total injury score with PFC (A; 1.8 ± 1.7) was significantly lower
than TO (B; 6.5 ± 2.1; p=0.01). PFC lungs demonstrated less interstitial
hemorrhage (0.3 ± 0.5 vs. 1.5 ± 0.6; p=0.02), atelectasis (0.3 ± 0.5 vs.
1.5 ± 0.6; p=0.02), and necrosis (0.3 ± 0.5 vs. 2.0 ± 0.8; p=0.01). On IF, area
fractions appeared higher with PFC (C; n=3; 0.018 ± 0.022) than TO
(D; n=4; 0.008 ± 0.011; p=0.06), and were comparable to TC
(0.015 ± 0.022; p=0.53). We conclude that during AP support, intratracheal PFC instillation prevents lung injury and promotes normal lung
development compared to tracheal occlusion.

Study: The PumpKIN trial will evaluate safety and probable benefit of
the Jarvik 2015 continuous flow (CF) pediatric ventricular assist device
(VAD) relative to the Berlin Heart EXCOR® Pediatric pulsatile VAD, a device
known to have a high early ischemic stroke risk. We sought to describe
the antithrombotic (AT) guideline developed for the PumpKIN trial and its
rationale.
Methods: Representatives from pediatric thrombosis, cardiology and
cardiac surgery reviewed the literature on pediatric VAD AT therapy and
conducted a survey of 22 participating sites regarding local guidelines and
laboratory practices. This information was used to develop a standard
PumpKIN AT guideline to be used in each arm of the trial so that AT can
be minimized as a variable in the trial.
Results: Primary objectives were to develop a guideline that would (1) be
associated with the fewest possible adverse events, (2) reflect the most
recent research, and (3) be feasible for centers to implement. Challenges
to guideline development included (1) concern that the hemostatic “set
point” of the original EXCOR® AT guideline was too low given the high
stroke rate, (2) uncertainty regarding the thrombogenicity of the Jarvik
2015, (3) Center variability in current EXCOR® AT practice, (4) conflicting
perceptions about the validity of using Platelet Mapping (PM) to guide
platelet inhibition and (5) inconsistent lab monitoring/availability across
centers. Ultimately, the proposed guideline includes one anticoagulant
plus dual high-dose antiplatelet therapy (with a third optional antiplatelet agent) with pre-specified antiplatelet dosing targets to supplement
platelet-mapping data. Early surgical hemostasis is regarded as critical
to enable timely uptitration of AT therapy to address the early embolic
stroke risk. The final AT protocol designed will be presented at the ASAIO
meeting.
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Durable Continuous Flow VAD Therapy Induces Pathogenic Changes in
AV Leaflets: Gene Expression Changes in Common with Calcific Aortic
Valve Disease Leaflets
K. Maeda,1 X. Ma,1 O. Reinhartz,1 C. Greene,2 D. Rosenthal,3 F. Hanley,1
R. Riemer.1 1CT Surgery, Stanford University, Stanford, CA; 2CT Surgery,
Christina Greene, Stanford, CA; 3Pediatrics - Cardiology, Stanford
University, Stanford, CA.

Design of a Percutaneous Axial-centrifugal Flow Pump for Failing Fontan
Circulation
D. Wang,1 F. Condemi,1 C. Ballard-Croft,1 G. Zhao,2 S. Topaz,2
J. B. Zwischenberger.1 1University of Kentucky College of Medicine,
Lexington, KY; 2W-Z Biotech, Lexington, KY.
Study: We are developing a long term percutaneous cavopumonary (CP)
pump for failing Fontan circulation. Our patented axial-centrifugal flow CP
pump is deployed from the right jugular vein (RJV) into the superior vena
cava (SVC), crossing the SVC-pulmonary artery (PA) anastomosis with the
pump tip ending in the inferior vena cava (IVC)-conduit. This pump withdraws blood from SVC and IVC in opposite directions and delivers blood
to left/right PA (LPA/RPA) in perpendicular direction (Fig 2).
Methods: The axial-centrifugal flow pump has an outer diameter of
10 mm and a length of 120 mm. This pump includes: 1) Rotor: Two screw
propellers in both ends in opposite direction, generating axial flow to
withdraw blood from SVC/IVC, and a long straight propeller between,
generating centrifugal flow to deliver blood into LPA/RPA; 2) Outer wire
cage prevents spinning propeller from damaging blood vessel wall. 3)
Rotor is driven by a DC brushless motor; 4) Rotor held by sleeve bearings
in motor end and cone bearings on opposite end of wire cage; 6) Expandable anchor is deployed onto the wall of IVC-conduit; and 7) Motor
electrical cable comes out of SVC to paracorporeal console. A computational fluid dynamics (CFD) study was done for evaluation of pump
performance, blood velocity, and shear stress.
Results: The CFD simulation of pump performance showed up to 16.5 mm
Hg pressure rise at 13K rpm and 5.5 L/min pumping blood flow (Fig. 1).
The CFD simulation indicated that the screw impeller in both ends generates axial and centrifugal velocity component, pulling blood from SVC/
IVC toward central PA (Fig. 2). The central straight impellergenerates a
centrifugal rotational streamline component, delivering blood into both
LPA and RPA. At 7K rpm and 5.5 L/min, 3.35 m/s maximum velocity (Fig. 2)
and 339 P maximal scalar shear stress (Fig. 3) was simulated.
Conclusion: Our axial-centrifugal flow pump is able to pump up to 5.5 L/
min blood flow against as high as 16.5 mm Hg ∆P to provide total CP
assist.

Study: Continuous flow LVADs have been widely used as a bridge to
transplant or destination therapy. AV insufficiency resulting in LVAD
failure due to circulatory shunt has been observed in these patients. We
asked whether the disruption of the normal pattern of continuous AV
leaflet cycling under LVAD therapy induced pathogenic changes in leaflets.
Accordingly, we have used a transcriptome-wide gene expression analysis
approach to compare AV leaflets (AVL) from patients with and without
durable LVAD therapy.
Methods: We analyzed AVL from two groups of hearts: Pediatric patients
on durable continuous flow LVAD (LVAD, N=4) and normal donor hearts
(Con, N=4). All AVL were grossly normal in appearance. RNA was
extracted and used to interrogate Affymetrix human whole transcriptome
arrays, and expression levels were statistically compared.
Results: Comparison of expression levels show that LVAD AVL exhibited over 80 genes differentially regulated (>4-fold; P<0.05). To explore
the implications of these results we compared our LVAD AVL data with
published data of calcific aortic valvular disease (CAVD) AVL genes. Over
50 AVL genes were highly activated (eg VCAM1, CD74, HLA) or inactivated (eg GPX3, USP53) in both LVAD and CAVD. We conclude that AVL
undergo pathogenic gene expression changes during durable chronic
LVAD therapy, supporting the concept that chronically altered AV cycling
pattern induces early tissue-level changes. Similarities in the pattern of
alteration of AVL gene expression in CAVD suggests that AVL homeostasis
requires a normal pattern of valve cycling that is abrogated by durable
LVAD therapy. Further investigation of the mechanisms through which
mechanical forces attendant to AV cycling modulate gene expression may
identify novel intervention strategies.
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Effect of Inhaled Nitric Oxide on Hemodynamics in Lambs with Superior
Cavopulmonary Shunt
H. Kanamitsu, L. Centola, R. K. Riemer, O. Reinhartz. Cardiothoracic
Surgery, Stanford University, Stanford, CA.

Improvement in Six Minute Walk Distance and Brain-type Natriuretic
Peptide as Markers of Recovery in Children with Continuous Flow
Ventricular Assist Devices
J. F. Goldberg,1 R. S. Schlosser,2 J. G. Walrath,2 B. E. Elias,3 J. F. Price,1
A. G. Cabrera,1 S. W. Denfield,1 W. J. Dreyer,1 Y. Wang,1 S. A. Morris,1 I.
Adachi,3 A. Jeewa.4 1Pediatric Cardiology, Baylor College of Medicine,
Houston, TX; 2Physical Medicine and Rehabilitation, Texas Children’s
Hospital, Houston, TX; 3Congenital Heart Surgery, Baylor College of
Medicine, Houston, TX; 4Pediatric Cardiology, The Hospital for Sick
Children, Toronto, ON, CANADA.

Study: Inhaled nitric oxide (NO) therapy is widely used to treat postoperative pulmonary hypertension of congenital heart disease. It is believed
that NO increases cardiac output by decreasing pulmonary vascular
resistance (PVR) leading to increased left ventricular preload. However,
the effect of NO inhalation on cardiac output in patients with superior
cavopulmonary (SCP) shunt remains unclear. This study evaluated hemodynamic changes with inhaled NO therapy in lambs with SCP shunt.
Methods: A SCP shunt was constructed in 10 Suffolk sheep (age 6.0 ± 1.5
weeks) to mimic a 1 and 1/2 ventricle circulation. Through a median
sternotomy, a bypass between the superior vena cava (SVC) and the main
pulmonary artery (PA) was constructed using a ringed expanded polytetrafluoroethylene graft. The SVC was clamped at the right atrial junction to
establish a 1 and 1/2 ventricle circulation. Flows, pressures, and arterial
blood gases were recorded before and after inhalation of 20 ppm of NO
for 15 minutes. Paired t-test was used for the statistical analysis and a p
value of < 0 .05 was regarded as statistically significant.
Results: Mean arterial pressure (46.6 ± 5.4 to 44.6 ± 5.9 mmHg; p=0.06)
and left atrial pressure (4.0 ± 2.5 to 4.0 ± 2.3 mmHg; p=1.0) did not
change under NO inhalation. Mean PA pressure (13.6 ± 2.4 to 11.7 ± 2.9
mmHg; p=0.006), transpulmonary gradient (9.6 ± 2.5 to 7.9 ± 2.6 mmHg;
p=0.019), and PVR (5.47 ± 2.99 to 4.54 ± 2.61 Wood; p=0.037) decreased
significantly. SVC flow (24.8 ± 11.3 to 22.0 ± 9.7 mL/min/kg; p=0.09) did
not change, and aortic flow as a cardiac output surrogate, decreased
(140.2 ± 37.2 to 132.1 ± 39.2 mL/min/kg; p=0.033). Arterial PO2 improved
(103.72 ± 29.30 to 132.43 ± 47.02 mmHg; p=0.007) and oxygenation index
decreased significantly (24.99 ± 9.38 to 19.57 ± 8.41; p=0.0003). NO Inhalation improved systemic oxygenation but did not increase cardiac output
in this animal model. Further, NO did not increase left ventricular preload
since SVC flow and left atrial pressure were unchanged.

Study: Children with continuous flow ventricular assist devices (CFVADs) may show recovery of ventricular function post-implant, allowing
avoidance of transplantation. Minimal pediatric data exist regarding the
recovery potential after CF-VAD placement. We hypothesized that after
implantation of CF-VAD, children would demonstrate improvement in SixMinute Walk Distance (6MWD) and Brain-Type Natriuretic Peptide (BNP).
Methods: We performed a retrospective cohort study of all pts < 18 years
of age at our center who underwent CF-VAD placement from 8/2008
to 8/2016, including 6MWD and BNP values obtained <400 days after
implantation. 6MWD was indexed for sex, age, and height. Mixed effects
linear modeling was used to evaluate the correlation between time from
CF-VAD with both 6WMD and BNP, controlling for age at implantation,
sex, and device type, and accounting for repeated measures. Correlation
was examined in the first 90 days post-implantation and in the subsequent time period, as our center uses a 90-day time point to assess for
recovery.
Results: Twenty-seven pts were included (HeartMate II n=11, Heartware
n=16), of which 74% were male. Median age was 12.7 years (IQR 7.9,
15.1). In the first 90 days after implantation, 6MWD showed significant
improvement (99% mean increase per 90 days, 95%CI 58% to 141%,
p<0.01) and a non-significant change after 90 days (2.8% mean increase
per 90 days, 95%CI -5.7% to 10%, p=0.472), Fig 1. In the first 90 days
after implantation, BNP improved significantly (103% mean decrease
per 90 days, 95%CI 74% to 133%, p<0.01) with a non-significant change
after 90 days (5.9% mean increase per 90 days, 95%CI -24% to 26%
p=0.517, Fig 2). Conclusion: 6MWD and BNP improved after CF-VAD
was implanted, with a significant improvement in the first 90 days but
without further improvement after 90 days. Routine use of 6MWD and
BNP can help guide the assessment of recovery in children after CF-VAD
placement.
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Use of Hemodynamic Ramp Test to Optimize Continuous-flow Assist
Device in a Fontan Patient
P. Chau, H. M. Lim, J. Jordan, K. R. Schumacher, R. G. Grifka,
D. M. Peng. Congenital Heart Center at Mott Children’s Hospital,
University of Michigan, Ann Arbor, MI.

Temporary Ventricular Assist Devices as a Bridge to Transplantation:
Assessing the Impact of an Evolving Strategy
C. R. Villa, R. Rizwan, F. Zafar, D. Morales, A. Lorts. Cincinnati Children’s,
Cincinnati, OH.
Study: Historically, temporary ventricular assist devices (tVADs) have been
used as a bridge to recovery or durable VAD. Centers are now employing
tVADs for a variety of indications, including direct bridge to transplantation (BTT). There is limited data regarding the impact of this strategy
on transplant outcomes. This study sought to compare post-transplant
outcomes of patients BTT on a tVAD with those BTT on a durable VAD.
Methods: The UNOS database was used to identify children ≤ 21 years
that were bridged to transplantation with a VAD after 2009. Patients were
stratified based on device type (durable vs tVAD) and post-transplant
outcomes assessed.
Results: Of the 3253 transplants, 41 (1%) patients were BTT on a tVAD
and 646 (20%) patients on a durable VAD. The 41 tVADs included: 30
Centrimag/Pedimag, 6 TandemHeart, 3 Rotaflow and 2 Biomedicus
pumps. Patient demographics were similar between groups, however,
patients supported with a tVAD were more commonly ventilated and on
inotropes at transplantation (Table 1). There was no significant difference
in renal function or bilirubin between groups. Post-transplant survival was
similar between groups (Figure 1) as were post-transplant dialysis and
stroke (Table 1).
Conclusions: Post-transplant outcomes are similar for patients BTT with
tVADs and durable VADs. This data is encouraging as centers have started
to employ tVADs as a support strategy for high risk subgroups who have
had suboptimal outcomes with durable VADs. Further research is needed
to assess the impact of this strategy on outcomes within specific patient
populations, notably patients < 10 kg and those with congenital heart
disease.

Study: We report the novel use of the hemodynamic ramp test to optimize a 26-year-old Fontan-palliated single-ventricle patient supported
with a continuous-flow ventricular assist device (Heartware HVAD).
Worsening symptoms of fluid overload and exercise intolerance prompted
testing.
Methods: In the catheterization laboratory, we serially assessed the
patient’s hemodynamics starting at the patient’s baseline setting of 2500
RPM and increasing by 100 RPM every 5 minutes, to a max of 3200 RPM.
Hemodynamic measurements included heart rate, mean pulmonary
artery pressure (mPAP), left ventricular end diastolic pressure (LVEDP),
arterial blood pressure (ABP), arterial saturation and pulmonary artery
saturation. An echocardiogram was obtained at baseline and at the end
of the study.
Results: Prior to the ramp test, the patient exhibited severe Fontan or
“right heart” failure on HVAD at 2500 RPM with a device-calculated flow
of 6.8 L/min (cardiac index 3.7 L/min/m2). Initially, Fontan pressure = 21
mmHg and LVEDP = 18 mmHg. The maximum improvements in hemodynamic parameters were observed at 3100 RPM. There were no further
changes at 3200 RPM. Therefore, the patient’s final setting was changed
to 3100 RPM. At 3100 RPM, the Fontan pressure = 18 mmHg, LVEDP = 13
mmHg and the device flow = 8.5 L/min (cardiac index 4.6 L/min/m2). By
echocardiogram, there was an improvement in left ventricular diastolic
dimension (LVDD) with a LVDD = 7.99 cm (z-score +7.6) and 7.30 cm
(z-score +6.5) at 2500 RPM and 3100 RPM, respectively. The modest
improvement in hemodynamics resulted in significant and lasting clinical
improvement and symptomatic relief (Table 1). This report demonstrates
the utility of the hemodynamic ramp test in optimizing ventricular assist
devices in patients with Fontan palliation. These settings exceed typical
RPM and cardiac output settings for VAD-supported patients; Fontan
circulation may warrant specific adjustments based on unique factors.
Clinical Characteristics
Baseline Ramp Test
(2500 RPM)
Weight (Kg)
NYHA Class
# Hospitalization(s)
Diuretic Requirement
BNP (pg/mL)
LDH (IU/L)

Post Ramp
Test**(3100 RPM)

74.1
67.0
III
I
4*
1
Furosemide 80mg 2x/ Bumex 1mg 1x/day
day Chlorothiazide
250mg 3x/day
487
143
313
305

* 2 months prior to Ramp Test
** 2 months after Ramp Test
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Perfluorocarbons Promote Type II Pneumocyte Maturation and
Surfactant Protein Synthesis in Preterm Lambs Supported on an Artificial
Placenta
E. M. Perkins,1 J. T. Church,1 M. A. Coughlin,2 J. S. McLeod,2 R. H. Bartlett,1
G. B. Mychaliska.3 1Department of Surgery, University of Michigan, Ann
Arbor, MI; 2Department of General Surgery, Henry Ford Health System,
Detroit, MI; 3Section of Pediatric Surgery, University of Michigan, Ann
Arbor, MI.
Study: Using a modified version of veno-venous extracorporeal life support (VV-ECLS), an artificial placenta (AP) could mitigate complications
of extreme prematurity. We hypothesized that during AP support, lambs
with intratracheal instillation of perfluorocarbons (PFCs) would show
continued, normal type II pneumocyte development, as evidenced by
surfactant production, compared to tracheal occlusion or instillation of
crystalloid.
Methods: Lambs of estimated gestational age (EGA) 116–121 days
(term=145 days) were cannulated and placed on VV-ECLS support with
jugular drainage and umbilical vein reinfusion. The airway was managed
one of three ways: instillation of Perfluorodecalin (PFC; n=3), lactated
Ringer’s (LR; n=3), or amniotic fluid followed by tracheal occlusion (TO;
n=4). AP support was continued for a goal of 7 days. Early tissue control
(early TC; EGA 116–121) and late TC (EGA 125–130) lambs (n=5 each)
were delivered and immediately sacrificed. In all groups, bronchoalveolar
lavage (BAL) of the right lower lobe was performed upon necropsy and
used to perform ELISA for surfactant proteins B and C (SPB and SPC) as
markers of type II pneumocyte maturity. T-test was used for comparisons
with p<0.05 considered significant.
Results: Average survival of PFC lambs was 169 ± 4hr, compared to
163 ± 11hr (p=0.35) in TO and 141 ± 30hr (p=0.25) in LR lambs. No
significant differences were in seen in BAL SPB concentration between
any groups (Figure 1). However, SPC concentration in the PFC group
(37.9 ± 7.6 pg/mL) was significantly higher than that with TO (20.0 ± 5.5
pg/mL; p=0.005), early TC (12.4 ± 1.7; p=0.007) and late TC (15.1 ± 4.9 pg/
mL; p=0.0008), and trended towards higher than LR (22.2 ± 10.8 pg/mL;
p=0.12). See Figure 2. These data suggest that intratracheal PFC instillation during AP support stimulates type II pneumocyte maturation and SPC
production. The differential production of SPB and SPC will be the subject
of future experiments.
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Development Update on the Ension pCAS System
M. Gartner,1 J. Speakman,1 B. Fill,1 L. Cahalan,1 A. Hussain,1 M. Noh,2
D. Trumper,2 P. Cahalan,1 Ension, Inc.. 1Ension, Inc., Pittsburgh, PA;
2
Massachusetts Institute of Technology, Cambridge, MA.

Fontan Simulation Using MCS Training Platform
E. Betterton,1 J. R. Crosby,2 B. Feingold,3 K. J. DeCook,2 P. Tran,1
R. G. Smith.1 1Banner University Medical Center-Tucson, Tucson, AZ;
2
Syncardia Systems, Tucson, AZ; 3Children’s Hospital of Pittsburgh of
UPMC, Pittsburgh, PA.

Study:

MAT

Study: The development of a simulation which mimics a patient that
has undergone a Fontan procedure would allow clinicians to understand
the hemodynamics of Fontan procedures with the potential of analyzing
the effect of continuous flow LVADS on these single ventricle patients.
Currently there are limited methods for simulation of single-ventricle
pediatric patients that have undergone a Fontan procedure. Utilizing a
modified Donovan Mock Circulation System (DMCS) (know as the MCS
Training Platform) we have provided a post-Fontan simulation, which can
simulate a failing Fontan. This can then be retrofitted with a continuous
flow LVAD to guide clinician management of Fontan patients.
Methods: A Syncardia 70cc TAH left-ventricle in conjunction with a continuous flow pump was connected to a DMCS filled with water (Figure 1).
A shunt was added between the right atrial and pulmonary arterial
chambers of the system to appropriately simulate a single ventricle with
corresponding pressures. By adjusting the system’s fluid volume, preload
and afterload, a predictive model was generated for the simulation of a
post-Fontan patient under varying conditions.
Results: Our model was able to appropriately mimic pressures (RAP, AoP,
PAP, PCWP) in each of the conditions created in this model (Table 1) and
therefore can be used as a guide for Fontan patient management.

Ension’s portable cardiopulmonary assist system (pCAS) is a compact
advanced ECMO/ECLS (ACE) system developed as part of NHLBI’s pediatric circulatory support and Pumps for Kids, Infants, and Neonates (PumpKIN) contract programs. A cornerstone of the pCAS system is a proprietary
blood compatible engineered bioactive surface designed specifically for
the unique and challenging requirements of mass transfer applications
such as ECMO and to possess superior bioactivity and stability characteristics. A compact integrated pump-oxygenator incorporating a highly efficient hollow fiber-based oxygenator and centrifugal blood pump utilizing
a custom blood-contacting seal was subsequently designed around the
bioactive surface to achieve the functional specifications for the intended
PumpKIN patient population and provide tip-to-tip surface treatment.
Methods: Though the pediatric system is also suitable to provide partial
cardiopulmonary support and other lower flow therapies such as ECCO2R
in adults, a second larger pump-oxygenator was subsequently developed
to address the full cardiopulmonary support requirements of the adult
patient population. This adult pump-oxygenator interfaces with the same
pCAS control console achieving a highly portable modular system that can
span a range of pediatric and adult full and partial support applications.
Continued pCAS development has focused on enhancements to further
increase modularity, portability, and performance of pCAS for longer term
and ambulatory applications. The pCAS control console has been redesigned to incorporate a dock-able controller module that can be detached
for ambulatory adult and pediatric scenarios.
Results: To enhance and extend long-term performance, the blood bearing is being replaced with a robust contact-free fully magnetically levitated motor and a collagen-based infection resistance surface (EIRS) has
been developed for external cannula surfaces. Continued development
and evaluation of this next generation pCAS system remains active.

Table 1
Fontan (Tricuspid Atresia)
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Parameter

Well, No
Fenestration

RAP (mmHg)
AoP (mmHg)
PAP (mmHg)
PCWP / LAP (mmHg)`
HR (BPM)
TCO (L/M)

13
114 / 71 (86)
13
8
80
2.9

Protein-Losing
Severe Systolic Enteropathy, No
Dysfunction
Fenestration
18
80 / 60 (68)
24
19
115
2.7

16
104 / 73 (85)
16
9
82
2.8
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In vitro Characterization of the Pittsburgh Pediatric Ambulatory Lung
Device
R. A. Orizondo,1 A. G. May,1 S. P. Madhani,1 B. J. Frankowski,1
G. W. Burgreen,2 P. D. Wearden,3 W. J. Federspiel.1 1University of
Pittsburgh, Pittsburgh, PA; 2Mississippi State University, Starkville, MS;
3
Cardiac Center, Nemours Children’s Hospital, Orlando, FL.

Pediatric Ventricular Assist Device Therapy for End-staged Heart Failure:
a Contemporary Ten Year Experience
M. S. Sharma,1 T. S. Maihle,1 P. D. Wearden,1 M. L. Viegas,1 A. D. Althouse,2
V. O. Morell.1 1Cardiothoracic Surgery, The University of Pittsburgh
Medical Center, Pittsburgh, PA; 2Heart & Vascular Insitutute Biostatistics
Core, The University of Pittsburgh Medical Center, Pittsburgh, PA.

Study: Acute and chronic respiratory failure are a significant source of
pediatric morbidity and mortality. Current means of respiratory support
used to bridge these children to lung recovery or transplantation typically
render them bedridden, a condition that can worsen long-term patient
outcomes. The Pittsburgh Pediatric Ambulatory Lung (P-PAL) is a wearable
pediatric blood pump and oxygenator integrated into a single compact
unit that enables patient ambulation. The P-PAL is intended for long-term
use and designed to provide up to 90% of respiratory support in children
weighing 5 - 25 kg.
Methods: The P-PAL prototype utilizes a centrifugal blood pump and
cylindrical, stacked-type hollow fiber membrane bundle (0.3 m2 surface
area, polymethylpentene). Pressure versus flow values were obtained at
various impeller rotation rates using a blood analog fluid with a viscosity
of 3.5 cP. Oxygen exchange rates were obtained in porcine blood in accordance with ISO standard 7199. The normalized index of hemolysis (NIH)
was measured using bovine blood over a 6-hour period at blood flow
rates of 1 and 2.5 L/min.
Results: The P-PAL provided blood flows of 1 - 2.5 L/min against the pressure drop associated with its intended-use pediatric cannulas. An oxygen
exchange rate of 109 mL/min was achieved at a blood flow rate of 2.5 L/
min, thereby meeting our respiratory support design target. Deviceinduced hemolysis was low with NIH values of 0.022 - 0.035 g/100L in the
intended blood flow rate range. In conclusion, the current P-PAL design
met our pumping, oxygenation, and hemolysis specifications and has the
significant potential to improve treatment for pediatric respiratory failure.
Future work includes in vivo evaluation of the P-PAL in acute and chronic
animal studies.

Study: Children with heart failure unresponsive to medical therapy have
limited survival. Ventricular assist devices (VADs) are life-saving adjuncts
allowing for bridge to transplantation (BTT) or cardiac recovery.
Methods: A retrospective review from January 2006 to December 2016
was performed. Fifty one patients underwent implantation of VADs for
refractory heart failure.
Results: Mean age was 6.4 years (range 6d-18y), and weight was 13.4 kg
(range 2.7–94 kg). Indications included: cardiomyopathy= 34 (67%),
congenital heart disease= 11 (21.6%), univentricular failure= 5 (9.8%),
myocarditis= 4 (7.8%), and other= 2 (3.9%). Level of limitation at time of
implant included cardiogenic shock in 6 (11.8%) and progressive decline in
45 (88.2%). Extracorporeal membrane oxygenation was used as a bridge
to VAD in 19 (37%) patients. Device selection was LVAD in 24 (47%), BiVAD
in 22 (43%), and univentricular VAD in 5 (10%). Pulsatile VAD was used in
36 (71%) patients: Berlin Heart EXCOR in 24 (47%), Thoratec PVAD in 11
(22%). Continuous flow VADs were employed in 15 (29%) children: Heartware HVAD in 4 (7.8%) and Thoratec Pedimag in 11 (22%). Mean duration
of support was 39.8 days (range 1-151d). Forty-five patients (88%) were
successfully bridged to transplantation or recovery. BTT rate for single
ventricle was 60%. Complications included bleeding requiring reoperation in 21 (41%), neurologic event in 13 (25%), and infection in 1 (2%).
Eleven (22%) device exchanges were performed for thrombus formation.
Neonatal age and congenital heart disease were significant risk factors
(p < 0.05) for death. Of those children successfully bridged to transplant,
30-day post-transplant survival was 86%. Survival for pediatric patients
is excellent with a majority being successfully bridged to transplantation.
Morbidity is low considering the severity of illness. Significant challenges
exist with current technology for the support of neonates and functionally
univentricular hearts.
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Platelet Aggregation Results in Chronic Studies with the Penn State
Pulsatile Pediatric Ventricular Assist Device
B. Lukic,1 W. J. Weiss.2 1Surgery, Penn State University, Hershey, PA;
2
Surgery and Bioengineering, Penn State University, Hershey, PA.

Diamond in the Rough? Outcomes of VAD Implantation as a Bridge-todecision in Children and Young Adults with Social Concerns
C. R. Villa, D. L. Morales, R. Rizwan, F. Zafar, A. Lorts. Cincinnati Children’s,
Cincinnati, OH.

Study: We have recently completed a series of 12 chronic (30 or 60 days)
animal studies with the Penn State Infant Pulsatile Pneumatic VAD (12–14 ml
stroke volume). We have also completed five 60 day surgical sham studies.
22–29 kg lambs were anticoagulated with unfractionated heparin targeting
either normal or 2x normal thrombelastography (TEG) R-time resulting in
anti Xa <0.1 iu/mL. Platelet inhibitors were not given. Platelet aggregation
was part of the extensive panel of routine hematological studies.
Methods: Platelet aggregation was measured using a whole blood
aggregometer (Chrono-Log Model 560CA, Havertown, PA). The measurements were conducted weekly in the two weeks preoperatively and postoperatively. ADP (10 µM) and collagen (10 µM/mL) agonists were used initially
(three device and two sham studies) and then at three more concentrations
of ADP (2.5 µM, 0.6 µM and 0.2 µM) and collagen (2.5 µg/dL, 0.6 µg/dL and
0.2 µg/dL). Aggregation was quantified by the area under the impedance
curve (AUC). Statistical t-Test comparing two sample means assuming
unequal variances was used for significance (P<0.05).
Results: There was no statistically significant difference between platelet
count of the device data (7.1 ± 3.1)x105 and sham data (7.0 ± 2.5)x105
collected after two weeks postoperatively as well as between AUC device
and sham data at any concentration of ADP or collagen agonist.
Additionally, there was no statistically significant difference between
pre-op and post-op AUC for the device animals.

Study: Medication noncompliance and inadequate social support are
considered a contraindication to heart transplantation. Pediatric centers
have begun to implant ventricular assist devices (VADs) as method to
assess patient compliance and social support prior to transplant listing.
We sought to characterize clinical outcomes for patients implanted with
a ventricular assist (VAD) as a bridge-to-decision for social/compliance
concerns.
Methods: All patients implanted with a durable VAD as a bridge-todecision (BTD) at a single center between December 2010 and October
2016 were identified. Patients were stratified by the reasons for BTD:
medical vs. social concerns. Clinical outcomes were assessed following
device implantation for patients implanted with a VAD as a BTD for social/
compliance concerns.
Results: Six patients were implanted with a VAD as BTD secondary to
social/compliance concerns. The median age for patients was 18.8 years
(range 1 year-25 years), 4 patients had dilated cardiomyopathy, 1 was s/p
Fontan and 1 had graft vasculopathy. The median support time was 104
days (range 43–1426 days). Five (83%) patients have been transplanted
and 1 (16%) patient remains on support and listed for transplant. Among
the 5 patients transplanted, all have survived to date and 4 are >1 year
from transplant. Conclusions: VAD implantation for children and young
adults in the setting of psychosocial concerns is feasible with good clinical
outcomes. VAD therapy may allow centers to identify patients who are
currently ineligible for transplantation due to social or compliance concerns but who may become candidates with enhanced social support and
compliance intervention.

Shear stress and biomaterial exposure in VADs may contribute to chronic
platelet dysfunction, as either hyper-activation, or loss of GPIb function and reduction in vWF binding. In this series of chronic studies with
the Infant-sized Pulsatile VAD, platelet aggregation by ADP and collagen
agonists showed no detectable effect of the device on platelet function,
based on AUC and response to varying agonist concentrations.
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A Rising Tide Lifts All Boats: Ventricular Assist Device Utilization is
Associated with Improved Overall Center Waitlist Survival
C. R. Villa, R. Rizwan, F. Zafar, D. L. Morales, A. Lorts. Cincinnati Children’s,
Cincinnati, OH.

Progress in the Development of a Miniature, Hemocompatible
Continuous Flow Ventricular Assist Device for Infants and Children
P. D. Wearden,1 T. A. Snyder,2 J. R. Stanfield,2 P. A. Coghill,2 J. Wu,3
D. A. Crompton,4 S. E. Olia,4 S. Ye,4 S. Madan,5 M. V. Kameneva,4
W. R. Wagner,4 J. W. Long.6 1Nemours Cardiac Center, Nemours Children’s
Hospital, Orlando, FL; 2VADovations, Oklahoma City, OK; 3Advanced
Design Optimization, LLC, Irvine, CA; 4Bioengineering, University of
Pittsburgh, Pittsburgh, PA; 5Radiology, Children’s Hospital of Pittsburgh,
Pittsburgh, PA; 6Advanced Cardiac Care, Integris Baptist Medical Center,
Oklahoma City, OK.

Study: Ventricular assist device (VAD) use is growing in pediatrics,
however, experience remains limited at many centers and the impact of
program development on center specific outcomes is lacking. We sought
to assess the impact of VAD program experience on overall waitlist
outcomes.
Methods: The UNOS database was used to identify children ≤ 18 years
that were supported with a VAD while on the waitlist between January
2007 and March 2016. Centers were stratified based on the number of
transplant candidates implanted with a VAD during the study: low volume
(LV: 4–9 candidates), medium volume (MV: 10–30 candidates) & high volume (HV >30 candidates). Overall, waitlist and post-transplant outcomes
were compared between groups.
Results: A total of 735 of 4403 patients were supported with a VAD while
on the waitlist at 46 centers. There were 15 LV centers, 25 MV centers
and 6 HV centers. Overall waitlist mortality was lowest at HV centers,
while there was no difference in waitlist outcomes between MV and LV
centers (Figure 1). Waitlist times were longer at MV centers compared to
HV (61d vs 46d, p<0.001) and LV (61d vs 52d, p=0.035) centers. HV and
LV centers had similar waitlist times (46d vs 52d, p=0.126). There was
no difference in post-transplant outcomes between centers (p = 0.58).
Conclusions: Centers with high-volume VAD programs have higher overall
waitlist survival. These data suggest that the benefits of a mature VAD
program extend to the entire waitlist population. Thus, although resource
allocation per VAD patient is high, the benefits of VAD use may benefit
the broader waitlist population.

Study: There is a substantial need for smaller, safer ventricular assist
devices (VADs) suitable for use in children and especially infants. This is
a progress update on the development of a miniature continuous flow
VAD, based on a unique platform blood pump technology designed for
hemocompatibility and cost-effectiveness.
Methods: The pump is about the size of AA battery and designed for
placement into the left ventricle with outflow connected to the aorta
through a vascular graft. Initial testing of a device designed for adult use
(RVAD hydraulics), were promising, but left room for improving hemodynamic performance. Hydraulics specifically for infants (0.3–1.5 liters
per minute, LPM) and children (1–4 LPM) were designed and evaluated
computationally. Hydraulic designs were evaluated in vitro and in vivo
with implants in juvenile sheep. Hemocompatibility was assessed by
blood chemistry, plasma free hemoglobin (PFH), flow cytometric assays of
platelet and leukocyte activation, aggregation, and microparticles, and by
von Willebrand Factor (VWF) function and distribution.
Results: In vitro testing confirmed low hemolysis (NIH < 0.05g/100L). Six
month durability tests have been completed successfully and one year
tests are ongoing. During in vivo testing 0.8–4.0 LPM was generated with
implant durations up to 3 months with low hemolysis, low platelet activation, and preservation of VWF function, in spite of no post-operative
anticoagulation. No pump thrombosis was observed. No renal infarcts
were observed in 9 of 10 chronic implants with only superficial renal
infarcts observed in one study with outflow graft thrombus but no pump
thrombosis. There have been no controller failures and the pump has
functioned properly during in vivo cardioversion and cautery tool use.
Overall, a versatile, miniature VAD with hydraulic options for infants and
small children has been developed and demonstrated exceptional performance and hemocompatibility.
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Modeling Fetal and Neonatal Circulations with and Without Pulmonary
Atresia
J. Sánchez-P,1 J. Briceño T.,1 A. E. Garcia T.2 1Universidad de los Andes,
Bogotá, COLOMBIA; 2Fundación Cardioinfantil, Bogotá, COLOMBIA.

Cardiac Injury in Premature Lambs Supported by the Artificial Placenta
J. S. McLeod,1 J. T. Church,1 M. A. Coughlin,1 E. M. Perkins,1 R. H. Bartlett,1
R. Rabah,2 G. B. Mychaliska.1 1Surgery, University of Michigan, Ann Arbor,
MI; 2Pediatric Pathology, University of Michigan, Ann Arbor, MI.

Study: Important changes in the circulatory system happen at birth when
gas exchange function is transferred from to the lungs. These changes
ensue for adaptation and survival of the newborn. However, patients with
pulmonary atresia (PAt), who have a ductus arteriosus (DA) dependent
pulmonary circulation, are at risk as they may fail to make adequate
transition to postnatal life. Models have studied fetal circulation, though
none have evaluated the hemodynamic effects of the transition and
adaptations to postnatal life. The objective of this study was to develop
mathematical models of the circulation of healthy and PAt infants during
fetal and postnatal life.
Methods: Lumped parameter models of the cardiovascular circulations of healthy fetal, PAt fetal, healthy newborn and PAt newborn were
developed. The models used blood flows as input to calculate pressure
differences among anatomical structures. Due to limited hemodynamic
data of pulmonary atresia patients, the models assumed equal blood flow
between healthy and PAt models. Models were validated with values of
healthy infants found in the literature.
Results: The models simulate accurately fetal and neonatal circulations of
both healthy and PAt infants and allow the comparison and understanding of the hemodynamic changes between the four conditions. They give
point-to-point pressure and flow estimates in all four conditions, which
are properties that cannot be assessed from clinical measurements (Table
1). The simulations confirm the fetal right heart and newborn left heart
dominance in the healthy models and the importance of DA flow in PAt
infants. It also allowed the simulation of PAt patients’ birth when exposed
to high altitudes, increasing the pulmonary vascular resistance and evaluating the resulting flows through the system.
Further development of the model can be useful for assessing the importance of isolated parameters and for simulating the effect of surgical and
device interventions to repair congenital heart defects in PAt patients.

Study: A novel approach in managing extremely premature neonates is an
Artificial Placenta (AP) utilizing venovenous extracorporeal life support.
The study purpose is to compare cardiac injury in extremely premature
lambs supported by the AP compared to mechanical ventilation (MV).
Methods: IACUC approval was obtained (protocol 00007211). Pregnant
ewes were anesthetized and lambs at 115–121 days GA (term=145) were
delivered and supported with either MV (n=4) or AP with jugular venous
drainage and umbilical vein reinfusion (n=5). AP support was continued
for 7 days, whereas MV support was continued until irreversible lung failure. Tissue control (TC) lambs were delivered at 110–121 days and immediately sacrificed. At the end of each experiment hearts were procured,
formalin-fixed, and sectioned for histology. Cardiac injury was assessed
by a pathologist blinded to experimental group and scored 0–4 based on
percent-field exhibiting myofiber degeneration, hemorrhage, edema, and
vascular injury. Total injury scores were summed. T-test was conducted
for comparison. P<0.05 was considered significant.
Results: AP Lambs lived 7–8 days (n=5) and MV lambs lived 6–8.5 hours
(n=4). AP lambs had significantly lower total cardiac injury scores than MV
(2.4 ± 0.8 vs 5.3 ± 1.7, p = 0.01). AP total injury scores were not significantly different than TC (1.4 ± 1.5, p = 0.24). Within injury categories, MV
hearts exhibited significantly more hemorrhage (1.75 ± 0.5 vs 0.8 ± 0.4, p
= 0.02) and edema (1 ± 0 vs 0 ± 0, p = 0.001) than AP hearts. Representative histological images are shown in Figure 1 and data is summarized in
Figure 2. Our results suggest that the AP may be cardioprotective compared to MV when supporting extremely premature lambs.
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Lower Extremity Paralysis Related to Femoral Veno-arterial ECMO
Support in Lung Transplant Candidates
G. R. Dincheva,1 K. E. Alloo,1 B. C. Hamilton,1 C. W. Hoopes,2 T. Deuse,1
B. N. Trinh,1 S. H. Merrick,1 S. R. Hays,3 J. A. Golden,3 R. J. Shah,3 L. E.
Leard,3 M. Kleinhenz,3 M. Brzezinski,4 J. P. Singer,3 J. Kukreja.1 1Surgery,
UC, San Francisco, San Francisco, CA; 2Surgery, The University of Alabama
at Birmingham, Birmingham, AL; 3Medicine, UC, San Francisco, San
Francisco, CA; 4Anesthesia, UC, San Francisco, San Francisco, CA.

Effects of Pulsatile Blood Flow on Oxygenator Performance
L. Schraven,1 C. Flege,2 R. Kopp,2 U. Steinseifer,1 J. Arens.1 1Department
of Cardiovascular Engineering, RWTH Aachen, Aachen, GERMANY;
2
Department of Intensive Care, Uniklinik RWTH Aachen, Aachen,
GERMANY.
Study: Extracorporeal circulation system (ECLA), especially the oxygenator
in the long-term use, still show thrombus formation, poor hemocompatibility, and inefficient gas exchange. In order to overcome these constraints
one hypothesis can be found in literature: Pulsatile flow provokes a
better blood mixing, thus, causes higher gas exchange, lower thrombus
formation, and thus, better hemocompatibility. However, this hypothesis
is not proven yet. Therefore, we performed a systematic study, comparing
the effects of pulsatile and continuous blood flow on gas exchange and
hemolysis.
Methods: In-vitro tests were performed according to DIN EN ISO 7199.
An externally controlled rotary pump was used to realize both pulsatile
and continuous blood flow through a small test-oxygenator. The test
setup for the measurement of gas exchange included two paralleled
loops crosslinked with a custom-made double chamber reservoir: 1.
a circuit with rotary pump and the test-oxygenator and 2. a loop with
desoxygenator and roller pump simulating the patient. During the tests
the operating points were varied systematically in frequency, amplitude,
and mean flow. As reference the same measurements were repeated
in non-pulsatile mode. In order to investigate the influence of pulsatile
blood flow on hemolysis two separate loops were operated for six hours,
one with constant and the other with pulsatile sinus blood flow. The
mean and the constant blood flow was 500 ml/min respectively and the
pulsatile sinus flow had an amplitude of 50 % of the mean flow and a
frequency of 60 bpm.
Results: The results of gas exchange and hemolysis showed minimal,
but not statistically significant differences between all measurements of
pulsatile and constant blood flow.

Study: Femoral veno-arterial ECMO (fVA-ECMO) can support patients
with advanced lung failure as either a bridge to recovery or to lung transplantation (LTx). Despite growing experience and improved outcomes,
complications may ensue with prolonged fVA-ECMO use. Herein, we
describe one such rare complication involving lower extremity (LE) paralysis in adults following fVA-ECMO deployment as a bridge to LTx.
Methods: A single center review of patients on fVA-ECMO for respiratory
failure between 1/2010–6/2016 who developed bilateral LE paralysis.
Results: Of 101 patients 2 developed paralysis following fVA-ECMO
initiation (incidence: 2%). Both patients were females listed for LTx with
pulmonary veno-occlusive disease (PVOD), severe pulmonary hypertension, and episodes of syncope. The 1st patient manifested LE neurologic
signs while on ECMO. She was bridged to a double LTx 26 days later. She
continued to have worsening LE symptoms consistent with MR neurogram findings of severe nerve injury at the lumbarosacral plexus. Despite
poor prognosis prediction she is now 6 years post-LTx with excellent graft
function and complete neurologic recovery. The 2nd patient developed a
foot drop that progressed to bilateral LE paralysis and loss of sensation on
day 17 post-ECMO. No acute bleed causing cord compression was seen
on spinal CT. A neurological exam was consistent with painless paraplegia
at the thoracic spinal cord level. Given complete cord injury, prognosis
for recovery was poor. She was delisted and support was withdrawn. We
speculate the underlying mechanism in both cases to be hypoperfusion
to the motor neurons related to either retrograde low flow and reduced
pulsatility state unique to fVA-ECMO configuration or thromboembolic
phenomena. In addition to frequent clinical assessments to mitigate
this catastrophic neurologic sequela, alternative cannulation sites and
strategies to provide antegrade flow might be sought for prolonged ECMO
support in LTx candidates.

Figure 1. Gas exchange of oxygen by frequency of 60 bpm
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Low Resistant Respiratory Assist System for Paracorporeal Lung Support:
an in-vivo Study
R. Borchardt,1 P. Ritter,1 S. Sonntag,1 F. Böhning,2 F. Hesselmann,2
S. Groß-Hardt,2 U. Steinseifer,2 T. Verbelen,3 B. Meyns,3 T. A.
Kaufmann.2 1enmodes GmbH, Aachen, GERMANY; 2Department of
Cardiovascular Engineering, Institute of Applied Medical Engineering,
RWTH Aachen University, Aachen, GERMANY; 3Department of
Cardiovascular Sciences, KU Leuven, Leuven, BELGIUM.

Normothermic Donor Lung Preservation Using the Organ Care System
Significantly Reduces Ischemia/reperfusion Injury by Promoting
Cytokine Antagonists
B. Wiegmann,1 C. Falk,2 M. Seyda,2 C. Neudörfl,2 C. Kühn,1 I. Tudorache,1
M. Avsar,1 A. Haverich,1 G. Warnecke.1 1Dpt. for Cardiothoracic,
Transplantation and Vascular Surgery, Hannover Medical School,
Hannover, GERMANY; 2Institute of Transplant Immunology, Hannover
Medical School, Hannover, GERMANY.

Study: RAS-Q is a novel device, optimized for the specific requirements
of paracorporeal lung support, connected between the Pulmonary Artery
(PA) and Left Atrium (LA), with no need for a blood pump. It combines
proven PMP-fiber bundles with compliance elements to provide a
pulmonary-mimetic flow environment and low pressure loss at high
performance. Its compact size will result in mobile and conscious patients
with Pulmonary Arterial Hypertension (PAH) or End-Stage COPD.
Methods: RAS-Q was validated in 4 acute in-vivo trials (sheep, 53+/-7 kg).
Implantation was performed using 20 Fr cannulas in the PA and LA. PAH
was induced by constricting the PA between cannula and lungs to analyze
failing lung and right heart conditions. Flow rates and pressures were
measured in the PA, the RAS-Q system and in the Aorta. One trial was
designed to compare with the Quadrox Pediatric, which has comparable
dimensions.
Results: Gas exchange was measured in-vitro, following ASTM standards
(>65 mLO2/LBlood; >58 mLCO2/LBlood). Consecutive right heart failure after
induced severe PAH resulted in decreasing systemic pressure and system
failure (induced PAH: CO=1.3 ± 0.9 L/min, MAP/PAP=1.2 ± 0.01). Using
RAS-Q, the relation between MAP and PAP was restored to 1.7 ± 0.2,
and the CO reached baseline level (CO=3.03 ± 0.6 L/min; baseline:
CO=3.1 ± 0.5 L/min). Compared to Quadrox Pediatric, RAS-Q tripled the
paracorporeal flow rate and provided 10 times higher PA-pressure relief
during PA-LA support. For induced PAH, RAS-Q reduced PA pressure from
38 mmHg to 26 mmHg, while it remained at 37 mmHg with Quadrox.
RAS-Q’s unique low pressure loss and integrated compliance allow lung
support to adapt to patient needs. It lowers RV afterload and restores the
CO in the otherwise-failing circulation. It may hence act as a long-term
respiratory assist system for paracorporeal lung support.

Study: INSPIRE trial revealed a significant reduction of PGD3 using the
Organ Care System (OCS) compared to standard of care (SOC). To investigate immunological mechanisms of ischemia/reperfusion injury (IRI)
initiated by normothermic vs. cold preservation, perfusion solution (PS)
and peripheral blood (PB) of INSPIRE patients were analysed.
Methods: From 33 OCS and 26 SOC patients cytokines, angiogenic,
growth factors and serum proteases were analysed in PS and PB by
multiplex protein assays. Demographics, cross clamp times (CCT) and PGD
scores at T0 and T24 were assessed and correlated with protein levels.
Results: Clinical evaluation revealed (OCS/SOC): mean recipient age: 50
vs. 49 years, underlying diagnosis: idiopathic fibrosis (n=17/10), cystic
fibrosis (n=7/8), idiopathic pulmonary hypertension (n=3/3) and emphysema (n=6/5), mean total CCT (549 ± 22/258 ± 6min, p<0.0001). For
OCS, no PGD >2 was observed, in contrast to 19% cumulative PGD3 for
SOC (p<0.05). Significant reductions of IL-6, CXCL8, CCL2, sICAM-1, MIF,
CXCL9 (p<0.01) in PB at T0 was seen for OCS, whereas significantly higher
concentrations of these factors were observed in PS for OCS (p<0.001).
Only for SOC, IL-6 plasma concentrations indicated a strong correlation to
CCT and PGD >2 at T0 and T24 (p<0.05). Results of PS analysis revealed
a new mechanism of reduced IRI in OCS at T0 by induction of cytokine
antagonists. Correspondingly, IL-1RA is produced in significantly higher
amounts in OCS, thus suppressing IL-1-mediated induction of IL-6 and
other pro-inflammatory cytokines. Additionally, the Th2 cytokine IL-31
highly correlates with IFN-γ (p=0.001) in OCS, but is absent in SOC PS.
OCS preservation maintains an anti-inflammatory milieu by induction of
cytokine antagonists, finally significantly reducing IRI and improving clinical outcome. IL-6 correlation in SOC argues for a direct impact of highly
inflammatory conditions with early graft function.
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A CFD Model to Predict Oxygen Transfer in Artificial Lungs
A. Kaesler, M. Rosen, T. Schmitz-Rode, U. Steinseifer,
J. Arens. Cardiovascular Engineering, RWTH University Aachen, Aachen,
GERMANY.
Study: Under physiological conditions up to 97 % of the transported
oxygen from lungs to tissue is bound chemically reversible to hemoglobin
in the red blood cells. To predict gas transfer numerically, Mockros et al.
proposed the use of an effective diffusivity to account for the hemoglobin-oxygen reaction, which was further investigated and modified by
several authors. Those approaches tend to overestimate the gas transfer
significantly based on our own simulations and validation. A validated,
device-unspecific model, could help to further investigate the influence of
effects such as a plasma layer, an oxygenated layer of blood close to the
fibers, or pulsatile flow on the gas transfer in artificial lungs (ALs).
Methods: Based on groundwork by Clark and Federspiel and Wright et al.
a two-phase dispersed liquid-liquid system based on an inhomogeneous
Eulerian-Eulerian approach was implemented with Ansys CFX. 3 variables
were used to model the gas transfer: oxygen, hemoglobin, and oxyhemoglobin. A theoretical oxygen saturation based on Siggaard-Andersen’s
approach was used to describe oxygen transfer and the actual saturation
based on the molar concentration of oxyhemoglobin form a reaction
term, which was incorporated into the diffusive transport equations as a
source term. The simulations were compared to data from in-vitro testing under multiple flow conditions performed on a total of n = 4 micro
oxygenators with a total of 120 fibers each arranged in a staggered fiber
configuration, see Fig. 1.
Results: In-vitro data of the total oxygen volume flow across the hollow
membrane fibers were compared for 3 blood flow rates to CFD data and
show reasonable good agreement, compare Fig. 2. Future work will focus
on applying the model to different fiber arrangements and fiber types
to show geometrical independency. A transfer of this model to the full
fiber bundle of a full size oxygenator device has the potential to predict
gas exchange of lab prototypes to help with design choices early in the
development process of ALs in the future.

109

ASAIO PULMONARY ABSTRACTS
MAT

162

165

Ex vivo Lung Perfusion: A Case Report of a Single-Lung Salvage After
Judged Unsuitable for Transplantation During Procurement
F. Alghanem,1 S. Barnett,2 C. W. Douglas,2 M. Aquino,3 J. Lin,3
P. W. Carrott,3 A. C. Chang,3 A. Rojas-Pena,4 W. R. Lynch.3 1Surgery,
University of Michigan, Ann Arbor, MI; 2Surgery- Section of Thoracic
Surgery, University of Michigan, Ann Arbor, MI; 3Surgery - Section of
Thoracic Surgery, University of Michigan, Ann Arbor, MI; 4Surgery - Section
of Transplantation, University of Michigan, Ann Arbor, MI.

In-vitro and in-vivo Chronic Studies of an Integrated, Wearable Blood
Pump-lung
S. P. Madhani,1 B. J. Frankowski,1 S. Ye,1 G. W. Burgreen,2 J. F. Antaki,3
R. Kormos,4 W. R. Wagner,1 J. D’Cunha,4 W. J. Federspiel.1 1Department
of Bioengineering, University of Pittsburgh, Pittsburgh, PA; 2Missisippi
State University, Starkville, MS; 3Department of Biomedical Engineering,
Carnegie Mellon University, Pittsburgh, PA; 4Department of Surgery,
University of Pittsburgh, Pittsburgh, PA.

Study: Ex vivo lung perfusion (EVLP) is a method of lung preservation that
allows for objective assessment and reconditioning of high-risk donor
lungs prior to transplant. This is a case report of EVLP to salvage a single
right lung (RL) that was judged unsuitable for transplantation during procurement while left lung (LL) was suitable for transplantation.
Methods: Organs from a brain dead donor were allocated for transplantation. Prior to lung procurement, lungs became difficult to recruit and
during procurement, the right lung lower lobe (RLL) appeared grossly atelectatic. Pulmonary vein gases confirmed poor function of the RLL (PaO2,
mmHg: systemic 377, left upper 485, left lower 357, right upper 568, right
lower 169). Rather than proceeding with only LL transplant and cancelling
the RL recipient, we chose to move forward with EVLP evaluation of the
RL. Given the unanticipated decline of RL function, the EVLP team was
notified only 50 min prior to aortic cross clamp. Following 162 min of cold
ischemia time, the RL was attached to EVLP and reperfused for a total of
346 min using the XVIVO protocol.
Results: During EVLP, the RLL was slowly recruited and gas exchange
function subsequently improved over time, left atrial (LA) PaO2 increased
from 185 to 509 mmHg and from 158 to 405 mmHg in the lower lobe.
Airway and vascular resistances were stable throughout the perfusion at
61 ± 4 mL/cmH20 and 262 ± 54 dyn*s/cm5, respectably. All criteria to use
the RL for transplantation were fulfilled (Fig 1) and it was transplanted
successfully. Post-transplant PaO2:FiO2 was 377 mmHg, the recipient was
extubated on post-operative day (POD) 1, without supplemental O2 on
POD 4, and discharged home on POD 13. This case of single lung EVLP salvage highlights the growing role of ex vivo organ perfusion in transplantation and illustrates an example of how this technology is being applied.
The availability of EVLP permitted recruitment of the atelectatic RLL and
selective pulmonary venous sampling.

Study: The PAAL is designed to provide ambulatory support for lung
failure patients during bridge to transplant or recovery. We previously
presented in-vitro and acute in-vivo results of our Pittsburgh Ambulatory
Assist Lung (PAAL). In this study, the PAAL-1 impeller and flow channels
were CFD optimized. The resulting PAAL-2 design was tested on the bench
and in five-day sheep studies.
Methods: The PAAL-2 was tested on the bench for hydrodynamic performance and hemolysis. Five day in-vivo studies with the PAAL-2 were
conducted in 50–60 kg adult sheep after heparinization and cannulation
with a 27 Fr. Avalon Elite dual lumen cannula. The animals were able to
sit, stand, eat and drink freely in a stanchion while the device flow and
resistance, and animal hemodynamics (MAP, CVP, HR) were recorded
hourly. Oxygenation, plasma free hemoglobin (PfHb) were measured
daily. Platelet activation, blood chemistry and comprehensive blood
counts were assessed pre-operatively, and on POD 0, 3 and 5.
Results: Using CFD, impeller geometry and flow channels were optimized
to eliminate flow separation and stagnation zones. In-vitro, the PAAL-2
pumped 3.5 L/min against the cannula at 2100 RPM. Subtracting the
cannula’s contribution, the PAAL-2 (NIH 0.011 ± 0.005 g/100L) in-vitro
hemolysis was three times less than our previously published PAAL-1 (NIH
0.035 ± 0.005 g/100L). All five animals survived the surgery, and three
survived the study duration. One animal was terminated on POD 0 as
the cannula was kinked and one animal was terminated at POD 3 due to
gastric volvulus. In-vivo, PfHb remained at baseline levels for all animals.
Blood left the device 100% oxygenated and oxygenation reached
155 ml/min at 2.4 L/min. Minimal to no thrombus was seen in devices
at explant. There were no device related complications over the study
course. 30-days studies are planned in the near term.
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Using Compliant Oxygenators to Improve Flow Conditions in Pulsatile
ECMO Circuits
R. Borchardt,1 P. Ritter,1 S. Sonntag,1 F. Boehning,2 F. Hesselmann,2
S. Groß-Hardt,2 U. Steinseifer,2 T. A. Kaufmann.2 1enmodes GmbH,
Aachen, GERMANY; 2Department of Cardiovascular Engineering, Institute
of Applied Medical Engineering, RWTH Aachen University, Aachen,
GERMANY.

Development of an Ultra Compact Durable ECMO System and Evaluation
in a Chronic Animal Experiment for Over 2 Weeks
N. Katagiri, E. Tatsumi, Y. Takewa, T. Tsukiya, T. Mizuno, D. Takeshita,
D. Akiyama, Y. Taenaka. Artificial Organs, National Cerebral and
Cardiovascular Center Research Institute, Suita, JAPAN.
Study: ECMO has been used for over days to weeks to treat patients with
severe respiratory/circulatory failure, while its complicated apparatus and
poor thrombo-resistant property are still problematic issue to be solved.
We have been developing an ultra compact portable ECMO system which
can solve these problems. In this study, we made a prototype of a compact ECMO system and evaluated its long-term durability and antithrombogenicity in a series of chronic animal experiments.
Methods: This ECMO system is consisted of a disposable unit, a driver
unit and a gas bomb unit. The disposable unit was a pre-connected ECMO
circuit consisting of a hydrodynamically levitated centrifugal blood pump
(BIOFLOAT), a compact oxygenator (BIOCUBE6000) and built-in sensor
connectors. The entire blood-contacting surface of the circuit was treated
with heparin bonding material (T-NCVC). A pump motor and measurement instruments were integrated into the driver unit with extremely
compact size (W290 × D205 × H260 mm). Veno-arterial bypass ECMO
was conducted for over 2 weeks using 4 adult goats (Body weight: 61, 47,
61, 42 kg). In 3 cases, heparin was continuously administrated to control
ACT between 150–200 sec. In 4th case, systemic anticoagulation was not
conducted, except for one-shot heparin injection at cannulation.
Results: The ECMO could run for 18, 15, 14 and 14 days without device
exchange. 2.5 L/min of bypass flow rate could be maintained stably.
O2 and CO2 transfer rates were kept at sufficient levels (134 ± 14 and
96 ± 22 mL/min, respectively). After the experiments, thrombus formation
was hardly observed in the each ECMO circuits in cases of continuous
heparin administration. In the heparin free case, there was thrombus at
peripheral part of outlet housing in the oxygenator, in spite of no thrombi
were observed in the other part of the circuit. In conclusions, an ultra
compact ECMO system was developed and demonstrated durability and
thrombo-resistant property for over 2 weeks.

Study: Non-physiological flows dominate today’s ECMO circuits. Due to
specific flow conditions in cannulas, rotary blood pumps and oxygenators,
typical pressures through ECMO circuits range from -50 to +250 mmHg,
due primarily to the oxygenator. Studies indicate a beneficial effect of
pulsatile flows in terms of lower thrombogenicity, but in this case, the
pressure range is even larger. Native vessels are compliant in order to
reduce pressures and strain on blood cells. Hence, compliance seems
likely to improve hemocompatibility in pulsatile circuits.
Methods: In this study, elastic silicone tubes were integrated into an
oxygenator´s hollow fiber bundle to mimic pulmonary compliance. Five
prototypes were tested in-vitro in terms of pressure drop, compliance,
and gas exchange, regarding ASTM standards. The Polymethylpentene
(PMP) hollow fiber membrane areas were 0.6 m2 with a static priming
volume of 75 mL.
Results: Pressure drop over the oxygenator was only 11 ± 1 mmHg at 2
LBlood/min constant flow, allowing the use of less shear inducing blood
pumps. In a constant flow mode created with a rotary blood pump, the
flow through the compliant oxygenators was 27 ± 3% higher than through
the larger QUADROX-iD Pediatric oxygenator. In pulsatile flow mode,
it was 42 ± 4% higher, showing the beneficial effect of compliance in
pulsatile circuits. The compliance was 5.8 ± 0.2 mL/mmHg over a range
of 39.2 ± 1.5 mL. Gas exchange was 65 mLO2/LBlood and 58 mLCO2/LBlood
and is therefore comparable to conventional oxygenators. The high gas
exchange efficiency along with the low pressure losses show the potential
of compliant oxygenators to be used as integral components in more
physiological, pulsatile ECMO circuits. Chronic animal trials are needed to
prove the beneficial effects in terms of hemocompatibility.
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Determining Optimal Thoracic Artificial Lung Aspect Ratio Using
Computational Fluid Dynamics Modeling
N. Li,1 A. Lai,2 K. Khanafer,3 K. E. Cook.2 1Mechanical Engineering, Carnegie
Mellon University, Pittsburgh, PA; 2Biomedical Engineering, Carnegie
Mellon University, Pittsburgh, PA; 3Mechanical Engineering, Australian
College of Kuwait, Kuwait City, KUWAIT.

Short Term in vivo Evaluation of Nitric Oxide Generating Artificial Lung
in Sheep
A. Lai,1 C. Do-Nguyen,1 C. T. Demarest,1 R. Ukita,1 D. J. Skoog,1
N. M. Carleton,1 K. A. Amoako,2 P. J. Montoya,3 K. E. Cook.1 1Carnegie
Mellon University, Pittsburgh, PA; 2University of New Haven, West Haven,
CT; 3MedArray, Ann Arbor, MI.

Study: Artificial lungs suffer from rapid clot formation and failure due
primarily to the large artificial surface of the fiber bundle used for gas
exchange. This coagulation is accelerated due to areas of blood flow stagnation and recirculation, which cause high concentration of procoagulants
to accumulate. The purpose of this study was to examine the role of fiber
bundle aspect ratio (bundle width/bundle length) on stagnation and
recirculation regions in a solid housing artificial lung with a fixed frontal
area and path length.
Methods: 3D artificial lung models were created featuring a fiber bundle
with a frontal area of 110 cm2, a path length of 2.1 cm, a Darcy permeability of 2.81× 10–9 m2, and aspect ratio varying from 0.5 to 2. These
models were analyzed at a steady flow rate of 4 L/min. The fiber bundle
component was modeled as a homogenous porous media. Velocity fields
were analyzed over the inlet and outlet surfaces of the fiber bundle.
Stagnation regions were defined as when velocity<0.03 m/s, and velocity
data collected from aspect ratio was analyzed to calculate the percentage
of stagnation areas on the inlet surface of the fiber bundle.
Results: According to the velocity vector field, blood flow expands into
the inlet and diffuses after reaching the distal end of the housing. Part of
the flow recirculates around the periphery of the device toward the inlet,
forming a stagnation region in the middle and also at the near end. The
outlet surface of the fiber bundle has a uniform velocity field. The figure
below shows the percentage of stagnation regions over the top surface of
fiber bundle. Overall there is a trend towards reduced stagnation in the
rear and middle using wider devices.

Study: The large surface area of artificial lungs results in rapid clotting and
device failure. Surface generated nitric oxide (NO) can be used to reduce
platelet activation and coagulation on gas exchange fibers, while not
inducing patient bleeding due to its short half-life in blood. To generate
NO, artificial lungs can be manufactured with PDMS hollow fibers embedded with copper nanoparticles (Cu NP) and supplied with an infusion of
the NO donor S-nitroso-N-acetyl-penicillamine (SNAP). The SNAP reacts
with the Cu NP to generate NO. This study investigates clot formation and
gas exchange performance of artificial lungs with either NO-generating Cu
NP-PDMS or standard polymethylpentene (PMP) fibers.
Methods: One miniature artificial lung (MAL) made with 10 wt% Cu NPPDMS hollow fibers and one PMP control MAL were attached to sheep in
parallel in a veno-venous extracorporeal membrane oxygenation circuit (n
= 9 ea). Blood flow through each device was set at 300 ml/min, and each
device received a SNAP infusion of 0.12 μmol/min. The ACT was between
110-180s in all cases. Blood flow resistance was calculated as a measure
of clot formation on the fiber bundle. Gas exchange experiments comparing the two groups were conducted every 24 hours at blood flow rates
of 300, 450, and 600 mL/min. Devices were removed once the resistance
reached 3x baseline (failure) or following 72 hours. All devices were
imaged using SEM at the inlet, outlet, and middle of the fiber bundle.
Results: The Cu NP-PDMS NO generating MALs had a significantly
smaller increase in resistance compared to the control devices (Figure 1,
p<0.001), and SEM imaging of fiber surfaces showed lower protein and
platelet adhesion. Thus, NO release reduced clot formation and slowed
failure. Oxygen transfer for the Cu NP-PDMS MALs, however, was 29% less
than the control. Future in vivo studies with larger Cu NP-PDMS devices
are now needed to define gas exchange capabilities and anticoagulant
activity over a long term study at clinically relevant ACTs.
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Effects of Hollow Fiber Oscillation on Artificial Lungs
R. A. Orizondo,1 G. Gino,2 G. Sultzbach,1 S. P. Madhani,1 B. J. Frankowski,1
W. J. Federspiel.1 1University of Pittsburgh, Pittsburgh, PA; 2ORT Braude
College of Engineering, Karmiel, ISRAEL.

The Advancing Front Model is Effective at Modeling Oxygen Transfer for
Microchannel Artificial Lungs
R. Ukita,1 J. A. Potkay,2 K. E. Cook.1 1Biomedical Engineering, Carnegie
Mellon University, Pittsburgh, PA; 2VA Ann Arbor Healthcare System, Ann
Arbor, MI.

Study: Previous studies have shown that gas transfer through hollow
fibers can be increased via fiber oscillation through disruption of the diffusional boundary layer. However, prior work was performed in settings
that do not directly translate to present-day, full-scale artificial lungs. This
in vitro study characterized the effects of fiber motion parameters on oxygenation and hemolysis for a clinically relevant hollow fiber membrane
(HFM) bundle. Our goal was to establish design criteria for an artificial
lung that uses fiber oscillation to enhance gas exchange.
Methods: The effects of varying stroke length (2–10 mm) and frequency (1–25 Hz) of fiber oscillations in line with blood flow were
investigated using a cylindrical HFM bundle (0.25 m2). Oxygen exchange
rates were evaluated in accordance with ISO standard 7199. Normalized index of hemolysis values were measured over a 3-hour period for
select conditions. All measurements were performed at a blood flow
rate of 2.5 L/min.
Results: Oxygen exchange rate increased with increasing stroke length
and fiber velocity at a constant oscillation frequency. Oxygen exchange
rate at a constant stroke length initially increased with oscillation frequency before reaching a maximum at 13 Hz and subsequently decreasing at higher frequencies. A maximum oxygenation efficiency of 430 mL/
min/m2 (75% enhancement relative to no oscillation) was achieved at a
stroke length of 10 mm and frequency of 13 Hz. At a constant level of oxygenation enhancement, hemolysis increased with increasing fiber velocity. The effect of frequency on oxygenation was attributed to reduced
blood flow through the bundle at higher frequencies related to the time
constant of the system relative to the oscillations imposed. In conclusion,
fiber oscillation may represent an approach to increasing gas exchange
efficiency of artificial lungs. The optimal design for maximizing efficiency
at small fiber displacements should minimize the system time constant by
minimizing both bundle resistance and housing compliance.

Study: Various research groups are designing microchannel artificial lungs
with the goal of improving gas exchange efficiency and making a more
compact respiratory support device. To date, full-scale device designs
have largely been created by determining gas exchange coefficients in
small-scale devices and then scaling them up. Using a theoretical gas
exchange model may speed up the design process without trial and error
testing. In this study, a historical, advancing front model of oxygen (O2)
transfer in parallel plate gas exchangers (Mikic et al., 1972) was evaluated
for accuracy using past experimental data.
Methods: The model maps the dimensionless O2 boundary layer thickness, η*, as it grows along the dimensionless microchannel length, X,
according to the following equation: X = 2/3(η*)3 - 1/4(η*)4. Dimensionless terms are defined as: X = (xDαΔPO2)/(ΔCO2Vmaxy02) and η* = η/
y0, where x ≡ length, D ≡ diffusivity of O2, α ≡ solubility of O2, ΔPO2 ≡
difference in O2 partial pressure between oxygenated and deoxygenated
regions, ΔCO2 ≡ difference in O2 concentration between the regions, Vmax
≡ max flow velocity, y0 ≡ half the channel height, and η ≡ boundary layer
thickness. The outlet saturation and O2 transfer are calculated from the
inlet saturation and η*. Data and model variables from past microchannel studies are used to compare model-predicted and experimental O2
transfer.
Results: Figure 1 shows predicted O2 versus actual transfer rate from two
studies featuring four microchannel designs. Overall, the points track well
with the unity line, indicating little bias toward over or under-prediction
of O2 transfer. Deviations from a strict parallel plate geometry may explain
the under-prediction for the screen-filled devices from Lee et al., 2008.
This design likely experienced blood-side mixing that was not accounted
for by the model. In all, the advancing front model showed reasonable
predictive accuracy with the microchannel lung data and should be used
to evaluate future designs.
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Successful Extra-corporeal Membrane Oxygenation (ECMO) in HIVpositive Patient
M. A. Abdelkader,1 D. J. Kaczorowski,2 J. C. Darrell,2
M. Y. Dolina.3 1Internal Medicine Residency, Wellspan- York Hospital, York,
PA; 2Cardiothoracic Surgery, Wellspan- York Hospital, York, PA; 3Pulmonary
and Sleep Medicine, Wellspan- York Hospital, York, PA.

Targeted FXII Inhibition for Localized Anticoagulation Effects in Artificial
Lungs
A. R. Cooke,1 C. T. Demarest,1 J. Wilbs,2 C. Heinis,2 K. E. Cook.1 1Biomedical
Engineering, Carnegie Mellon University, Pittsburgh, PA; 2Institute of
Chemical Sciences and Engineering, Ecole Polytechnique Fedé rale de
Lausanne (EPFL), Lausanne, SWITZERLAND.

Study: ECMO is indicated in patients with severe acute hypoxemic respiratory failure. However, there are very little studies showing the effectiveness of this technique in HIV-positive patients as it is considered a relative
contraindication.
Methods: 30 year old male with no significant past medical history initially presenting with shortness of breath and cough found to be in septic
shock secondary to community-acquired pneumonia with white out of
the right lung (Image 1). Within hours of admission, patient was intubated
for acute hypoxic respiratory failure. Medical management with broadspectrum antibiotics and steroids were started. However, with maximal
ventilator support, his clinical and pulmonary status was not improving.
Blood tests showed active HIV and syphilis. Veno-venous ECMO was
started and, after 8 days, there was marked improvement clinically and
radiographically (Image 2). Patient was subsequently transferred out of
the ICU and discharged to home 6 days later.
Results: Systemic illnesses with poor prognosis, such as HIV, are relative
contraindications for ECMO. This positive outcome in a HIV-positive patient
not undergoing HAART can bring into question such relative contraindications for initiating ECMO. Further investigation is warranted but this
vignette should prompt whether a patient’s HIV status is as significant as
previously thought in the discussion pertaining to the initiation of ECMO.

Study: Clot formation in artificial lungs is initiated by two synergistic
processes at the blood-biomaterial interface: i) platelet binding and
activation and ii) activation of FXII and the intrinsic branch of the coagulation cascade. Unlike other means of anticoagulation, specific inhibition
of activated FXII (FXIIa) has the potential to slow clot formation at the
artificial surfaces while leaving the extrinsic branch, platelet function, and
thus tissue based coagulation processes intact. This preliminary study
investigates the in vivo anticoagulant effects of a highly specific bicyclic
peptide FXIIa inhibitor, JS33, on miniaturized artificial lungs.
Methods: Miniaturized artificial lungs were fabricated with polumethylpentene hollow fibers (surface area 526cm2), and attached to anesthetized rabbits (3.25-3.38kg) in a veno-venous extracorporeal membrane
oxygenation configuration. Blood was pumped through the devices at
45mL/min using a roller pump. Two treatment groups were tested, one
control group with no anticoagulant (n=3) and one with inhibitor JS33
(n=2). For the JS33 treatment group, an initial inhibitor bolus of 2mg/kg
was administered before the circuit was connected, and a drip (0.075mg/
kg/min) was then initiated. Activated clotting time (ACT), bleeding time,
and device resistance were measured prior to giving the inhibitor and
30, 120 and 240 minutes following initiation of ECMO. After 4 hours, the
animals were euthanized.
Results: The average ACT over the experiment was 960s in the JS33
group and 230s in the control group. Bleeding time increased an average
of 7 and 61% using the inhibitor and control, respectively. Lastly, the
devices in the JS33 treatment group had a smaller increase in resistance
(Figure 1) and less average clot volume compared to control (0.075cm3 vs
0.483cm3).Overall, JS33 shows promising preliminary results for providing
targeted clot prevention within the artificial lung without interfering with
normal clotting processes.
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CO2 Based Servo Regulation of Artificial Lung Sweep Gas
A. J. Thompson,1 U. Fernando,2 T. Johnson,2 M. Song,2 J. Toomasian,2
A. Rojas-Pena,2 R. H. Bartlett,2 J. A. Potkay.1 1VA Ann Arbor Healthcare
System, Ann Arbor, MI; 2Department of Surgery, University of Michigan,
Ann Arbor, MI.
Study: A wearable artificial lung (WAL) could greatly improve the quality
of life of the many patients with end stage lung disease who are not
candidates for lung transplant. Several WAL systems are currently being
developed, but none can automatically adjust CO2 removal in response
to changes in patient activity. We recently showed that all metabolically
produced CO2 can be removed using 20% of cardiac output and that
sweep gas flow rate drastically impacts CO2 removal. We postulate that
CO2 removal in a WAL can be adjusted automatically by servo regulating
the sweep gas. To this end, a servo regulator controller was built to detect
the CO2 content of sweep gas exiting a WAL and adjust the sweep flow
accordingly. As exhaust gas CO2 content increases (due to patient activity),
the servo regulator increases sweep flow to remove more CO2, and vice
versa.
Methods: A proportional-integral-derivative (PID) feedback controller is
used to meet a target exhaust CO2 level by changing sweep flow (Fig. 1A).
The graphical user interface (Fig. 1B) and controller were programmed
using Microsoft Visual Studio. The pump (10k hour KNF N86 brushless
DC) was controlled with a power source (Keithley 2400) via an IEEE-488
instrument interface. Communication with the CO2 sensor (CO2 Meter
GC-0017) was via a USB serial interface. A water trap and desiccant were
used upstream of the sensor to protect from exhaust gas condensate. The
system was tested for 6 hr with a Medtronic Minimax Plus oxygenator and
heparinized blood.
Results: Inlet blood pCO2 was varied to mimic changes in patient activity
(Fig. 1C; a, c, e). Target exhaust CO2 content was varied to challenge the
PID (Fig. 1C; b, d). The PID automatically adjusted the sweep gas flow to
rapidly (<1 min) meet target exhaust CO2. Blood pCO2 was decreased from
30–85 mmHg (inlet) to 23–38 mmHg (outlet). Condensate was managed
and did not affect the CO2 sensor. The servo regulator was successful in
adjusting to changing blood CO2 levels, representing the first step towards
a WAL that responds to the metabolic needs of the patient.
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Bioactive Supramolecular Polymer Materials for Renal Membrane
Bioengineering
R. C. van Gaal, P. Y. Dankers. Biomedical Engineering, Eindhoven
University of Technology, Eindhoven, NETHERLANDS.
Study: Currently, there is a strong need for kidney tissue mimics in disease modelling, nephrotoxicity assessment of drugs, and renal replacement therapies. At the base of these mimics lay biomaterials resembling
the renal tubular basement membrane’s extracellular matrix (BM-ECM),
which is achieved through introduction of ECM mimicking peptides or
coatings with ECM proteins at the biomaterial surface. A grand challenge
is the development of a completely synthetic analogue of the kidney BMECM. Our approach uses supramolecular polymers held together via specific, directed non-covalent interactions. To this end, two supramolecular
binding motifs are explored, i.e. hydrogen bonding ureido-pyrimidinone
(UPy) and bisurea (BU) functionalities. Through conjugation of the same
supramolecular moieties to pre-polymers and functional peptides we
were able to create a large toolbox for the design of functional biomaterials. We have successfully functionalized our materials with anti-fouling
compounds, reactive tetrazine and catechol compounds, and anti-microbial and ECM-derived peptides. The later allowed stable renal epithelial
cell (REC) monolayer formation on our biomaterials. In this study, we
systematically investigated both the UPy and BU-modified supramolecular
materials to explore their potential to create living renal membranes.
Methods: UPy and BU functionalized polycaprolactone polymers were
functionalized with the respective UPy or BU-peptides or reactive catechol moieties in order to study difference in presentation and reactivity.
The supramolecular compounds were processed into films or electrospun membranes, on which REC were cultured for up to 1 week. REC
phenotype and function were assessed through cell-contact stainings and
transporter uptake.
Results: Both UPy as BU materials supported monolayer formation when
functionalized. The BU-system exceeded at peptide presentation compared to the UPy-system.
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Burst pressure were measures for membranes with varying size (0.3 mm
to 1.8 mm) were measured with 50 nm and 75 nm thick membranes. The
concentration of thrombin-anti-thrombin complex (TAT) and C3a complement measured via ELISA kit was used as the indicator of coagulation and
immune activation. Platelet adhesion and activation was measured by
image analysis of samples labeled with antibodies against platelet surface
markers.
Results: The results from the commercial membranes and the sham
dialysis and showed no reduction in urea concentration (Fig. 2B). The NPN
membranes on the other hand reduced the urea by 26% approaching
normal levels. There was a marked increase in burst pressure for the
75 nm thick membranes compared to 50 nm thick versions (Fig 3),
exceeding the operating pressures of the dialysis system.

Small Animal Study and Hemocompatibility of Small Form Factor
Microfluidic Filtration System with Nitride Membranes
D. G. Johnson, H. L. Chung, J. L. McGrath. Biomedical Engineering,
University of Rochester, Rochester, NY.
Study: Improving the health outcomes and the quality of life for those on
hemodialysis (HD), requires new technologies for wearable or implantable HD. One of these technologies is a highly efficient membrane that
can achieve standard toxic clearance rates in small device footprints. Our
group has developed nanoporous silicon nitride (NPN) membranes for
inclusion in a small format HD device. These membranes are 100 to 1000
times thinner than conventional membranes and are therefore orders-ofmagnitude more efficient for dialysis.
Methods: Devices were constructed with two 22 mm x 24 mm membrane
chips (Fig. 1).

Experiments were conducted using non-porous nitride chips, commercial
membranes (30 kD polyethersulfone and 20 kD cellulose triacetate), and
NPN membranes. The small animal experiment used uremic rats
(catheterized femoral vein/artery, and carotid artery) (Fig. 2A).
Fig. 4A shows the coagulation assessed in term of TAT generation.
Fig. 4B shows the immune activation presented in term of C3a complement production. Fig. 4C shows the representative images of activated
platelets. Figure 4D shows the platelet activation presented in terms of
CD62P expression.
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Centrifugal Separator for Implantable Artificial Kidney
K. Ariyoshi. Biomedical Engineering, Graduate School of Medicine, The
University of Tokyo, Tokyo, JAPAN.

Blood Foam in the Air Trap During Hemodialysis and Automatic Priming
of FX-Dialyzers
B. G. Stegmayr, Sr., L. Lindmark, L. Karlsson, A. Hedlund, L. Lundberg, J.
Axelsson, P. Jonsson. Public Health and Clinical Medicine, Umea
University, Umea, SWEDEN.

Study: More than 2,000,000 people worldwide suffer from end-stage
renal disease and require hemodialysis or kidney transplantation, and
this number is expected to increase explosively. The number of renal
transplants is small, and hemodialysis has problems such as thrice-weekly
treatment and puncture with a large-bore needle. It is therefore painful
and patients often have a poor quality of life. This research is intended
to free end-stage renal disease patients from hemodialysis by providing
them an implantable artificial kidney.
Current hemodialysis procedures use as dialysis membrane, but a dialysis
membrane is not suitable for long-term use because it is fouled by plasma
proteins. We therefore designed a new artificial kidney using centrifugal
separation.
Methods: Disk-type centrifugal separation is used to separate serum from
whole blood continuously. A disk rotating at a high speed gives centrifugal
force to blood on the disk and separates blood cells and protein by centrifugal force. But because excessive centrifugal force causes blood clotting, we will use two stages of centrifugal separation. The first separates
blood cells and fibrinogen from plasma by low centrifugal force, and the
second separates protein from plasma by high centrifugal force.
In this study we developed the first-stage separator and performed experiments using porcine blood. The diameter of the rotating disk was 70 mm.
The experimental condition was set as follows: inlet blood flow = 500 ml/h,
outlet blood flow = 450 ml/h, and separated fluid output = 50 ml/h.
Results: At 1000 rpm we succeeded in separating plasma continuously at
50 ml/h. Thrombus formation did not occur but hemolysis was observed.
At rotation speeds beyond 1500 rpm, frictional heat caused excessive
hemolysis at the V-seal lip. Further improvement is needed to realize high
performance and efficiency.
In future work, we will develop the second-stage centrifuge and produce
urine from an implantable artificial kidney.

Study: Formation of large amounts of visible foam in blood lines during
hemodialysis (HD) using Gambro Artis dialysis device urged us to investigate possible reasons.
Methods: Extent of foam was graded 0–10 (none-extensive). Two blinded
persons evaluated photos taken of air traps in use. 37 patients performed
consecutive dialyses with Fresenius Medical Care dialyzers (FX; CorDiax
used for high flux HD: FX80 and FX100, FX1000) and Baxter dialyzers
(PF210H). Dialyses devices were Gambro Artis (GA) and Fresenius 5008
(F5008). The extracorporeal circuit of GA was primed by dialysate automatically using software 8.15006 (Baxter). The initial priming volume was
1500ml, extended to 3000, due to visible foam in GA, upon manufacturers recommendations.
Results: Extended priming volume did not eliminate foam. Micro bubble
measurement during HD revealed the air to derive from the dialyzers.
When changing into PF210H, using a priming volume of 1500ml, significantly less foam was present in GA than with FX (p<0.01). PF210H and GA
had the similar outcome as FX and F5008). The extent of foam correlated with the size of the FX-dialyzer surface (p=0.002). The autopriming
program was updated into version 8.21 by the manufacturer (Baxter).
The extent of foam in the air trap using FX dialyzers now was reduced
and there was no longer any difference between FX- and PF dialyzers.
Although much less, still foam could be visible in the venous air trap during several dialyses. In conclusion this study urgently calls for attention of
blood foam developed in the venous air trap when using GA devices and
priming software 8.15006 in combination with Fresenius dialyzers. An
updated autopriming software (version 8.21) of Artis should be requested
to reduced the extent of foam for the Fresenius dialyzers. The FX versus
PF210H dialyzers need different priming techniques. We recommend
further studies to clarify the differences.
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The Influence of Catheter Design on Convection-dominated Heparin
Leakage
M. C. Barbour,1 K. W. Gow,2 A. Aliseda.1 1Mechanical Engineering,
University of Washington, Seattle, WA; 2Seattle Children’s Hospital,
Seattle, WA.

Update on Continuous Electrolyte and pH Monitoring
F. P. Wieringa,1 F. van Beijnum,2 M. Zevenbergen,3 P. Toet,2
J. Kooman.4 1Wearable Health Solutions, imec, Eindhoven, NETHERLANDS;
2
Optics, TNO, Delft, NETHERLANDS; 3imec, Eindhoven, NETHERLANDS;
4
Nephrology, MUMC+, Maastricht, NETHERLANDS.

Study: The dominant mechanism in heparin leakage from central venous
catheters (CVCs) has been shown to be convective flux of heparin forced
by the pulsatile blood flow surrounding the catheter tip, and instillation.
The catheter tip is thus depleted of heparin for the majority of the interdialytic cycle. In the present study, we extend upon our previous work
and investigate heparin egress from multiple catheter designs and sizes,
and multiple representative superior vena cava (SVC) flow conditions. The
aim of this study is to broaden our understanding of the heparin leakage
process and quantifying convective heparin leakage across catheter types
and patient characteristics. The ultimate goal is a catheter design capable
of keeping efficient and protective anticoagulation.
Methods: Three catheters are investigated: a 9.6Fr. single-lumen Hickman, an 8 Fr. double-lumen Hemo-Cath, and a 9.6 Fr. double-lumen
Split-Cath catheter. A fluorescent, heparin-mimicking fluid is instilled into
the catheters and leakage from the catheter is calculated using measurements of velocity (Particle Image Velocimetry, PIV) and concentration
(Planar Laser Induced Fluorescence, PLIF). The catheters are placed inside
of a pulsatile flow loop that matches the waveforms from 6–14 year old
patients SVC (Re = 1000, Wo = 8). Fluxes from the Hickman catheter are
measured in two additional SVC flow conditions: half the flowrate (Re =
500), and no pulsatility (Wo=0).
Results: Convective losses measured from all experiments are shown in
figure 1. The Hickman catheter, containing no side-holes, leaked the least
amount of heparin mimicking fluid, while the Split-Cath catheter, with
the largest number and size of side-holes leaked the most. Changing the
flow conditions did not have a significant effect on overall leakage. These
results suggest that convective leakage occurs regardless of a patient’s
flow conditions, and that side-holes significantly increase convective
heparin outflows negating the lock’s effectiveness.

Study: Hemodialysis usually applies fixed electrolyte concentrations. But
pre-dialytic serum Na+, K+ & Ca2+ concentrations individually differ. A
“one-size-fits-all approach” contributes to comorbidities like cardiovascular & bone mineral disease. Patient-specific dialysate prescription seems
preferable, but accurate, stable & affordable in-line ion-selective sensing
lacks.
Standard “wet” ion-selective electrodes need frequent calibration; their
membranes are prone to fouling. Membrane-less optical sensors avoid
this, and Nernst principle based wet sensors may be improved by built-in
drift compensation.
Methods: 2 stable in-line ion-selective re-usable & disposable low cost/
treatment methods:
- Re-usable optical membrane-less ion-selective LIBS sensing
Similar to flame photometry, but laser replaces flame & no nebulizer.
- Disposable anti-fouling wet ion-selective sensor with built-in pH &
conductivity
Has ion-selective membrane, but extra signals enable more stability.
Results: - Non-contact optical LIBS sensor
Modeled ranges & accuracies in mM Na+: 120–150 ± 0.3; K+: 0–5 ± 0.05;
Ca2+: range 0–2 accuracy ±0.02
Measurement frequency 1Hz; response time 1 minute
Ion-crosstalk very low (no Nernst equation limitations)
Present flow-through cell re-usable (quartz) but disposable optical grade
plastic also possible
Size: 3x12x30cm
Re-usable optical system, price written-off across entire device life span.
- Contact-mode improved “wet” sensor
Na+, K+ & Ca2+: range 10–4 - 1M, accuracy ±10%
Ion crosstalk: 1%
pH: range 2–10, accuracy 0.1
Conductivity: range 5-100000 μS/cm; available cell constants 0.05–50, Lab
comparison 0–140 μS/cm: R2 = 0.9998
Size: Si-chip 8x9.5mm; Screen-print on plastic 6x12mm
Disposable, price/unit can be very low (especially screen-print).
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Development of a Novel Cell-free and Concentrated Ascites Reinfusion
Therapy (CART) Machine Which Can Be Easily Used in Safety
T. Okahisa,1 M. Sogabe,1 M. Uyama,1 T. Nakagawa,2 T. Tomonari,2
T. Taniguchi,2 K. Okamoto,2 T. Takayama,2 T. Shimohata,3 T. Uebanso,3
K. Mawatari,3 A. Takahashi,3 T. Emoto,4 M. Akutagawa,4 T. Murashima,5
Y. Deguchi,5 H. Aramaki,5 H. Fukumitsu5 1General Medicine and
Community Health Science, Tokushima University Graduate School,
Tokushima, JAPAN; 2Gastroenterology and Oncology, Tokushima University
Graduate School, Tokushima, JAPAN; 3Preventive Environment and
Nutrition, Tokushima University Graduate School, Tokushima, JAPAN;
4
Electrical and Electronic Engineering, Tokushima University Graduate
School, Tokushima, JAPAN; 5Development Headquarters Technology
Development, Takatori Corporation, Kashihara, JAPAN.

Using Wall Shear Stress and Platelet Stress Accumulation in the Design
of a Bioartificial Kidney
S. G. Goebel,1 M. S. Goodin,2 A. K. Buck,3 J. J. Groszek,3 N. J. Wright,4
C. M. Blaha,4 D. Bluestein,5 W. H. Fissell,3 S. Roy.4 1SimuTech Group Inc.,
Rochester, NY; 2SimuTech Group Inc., Hudson, OH; 3Vanderbilt University,
Nashville, TN; 4University of California San Francisco, San Francisco, CA;
5
Biomedical Engineering, Stony Brook University, Stony Brook, NY.
Study: A computation fluid dynamics (CFD) study was conducted to guide
the flow path design for the hemofiltration section of a MEMS-based
bioartificial kidney. Platelets are known to achieve activation through
accumulated shear stress. The accumulated stress can be predicted using
Eulerian scalar values or Lagrangian particle trajectories within the blood
flow. Regions of low wall shear stress are known to be susceptible to
thrombus formation. The goal for this study was to apply platelet stress
accumulation methods and evaluate wall shear stress values in designing
the blood flow path for a full-size bioartificial kidney.
Methods: CFD analyses (Fluent and CFX, ANSYS, Inc., Canonsburg, PA)
were used to determine the flow distribution, pressure drop, wall shear
stress, and predicted platelet stress accumulation (SA). Linear and nonlinear power law formulations of shear stress and exposure time models
were used to calculate the platelet SA. The predicted platelet SA levels
were verified by comparison with theoretical values for fully developed,
laminar flow through a straight tube and compared with observations
from animal studies. Small-scale, single flow channel and full-size flow
path designs were modeled.
Results: The CFD results for the initial single-channel design showed
regions of sustained low wall shear stress (< 10 dyne/cm2) and thrombus
formation in animal studies. A second-generation single flow channel
design (Figure 1), with a helical inlet, removed low shear regions and
did not show indications of thrombus formation during several 28-day
animal trials. For the full-size devices, a long, single-channel flow path
device provided more uniform wall shear stresses, but higher levels of
platelet SA relative to a multi-channel flow path design. Additional work is
planned to refine the flow paths for both full-size designs to improve the
wall shear stress distributions and reduce platelet SA values prior to their
evaluation in upcoming animal studies.

Study: Cell-free and concentrated ascites reinfusion therapy (CART) is
an effective therapy for the refractory ascites caused by liver cirrhosis
or carcinomatous peritonitis. Since filtration and concentration step of
ascites during CART is complicated and requires experience, this step is
usually performed by a clinical engineer. Therefore, CART is difficult to be
performed at the small and medium sized hospitals without the clinical
engineer. Physical stimulation to the cell component with the roller pump
of the existing CART machine may increase the levels of cytokines, and
cause side effects such as fever. In this study, we developed the new CART
machine which could be easily used in safety by medical staff (e.g., a doctor and a nurse) without the roller pump physical stimulation to the cell
component of ascites.
Methods: Three roller pumps and six roller clamps were equipped in this
developed CART machine. The first roller pump, which forward the ascites
to the filtration filter, was placed on the connecting tube between filtration filter and concentration filter. The disposable tubing set was panel
type. All connecting tubes were fixed on the plastic plate in order to prevent miss connection. The steps (preparation, setting, concentration and
filtration, and finishing) were induced by the commentary of the display.
This development was supported by the Development of Medical Device
through Collaboration between Medicine and Industry from Ministry of
Economy, Trade and Industry and Japan Agency for Medical Research
and Development (AMED). The usability of this machine and the levels of
cytokines (IL-2, IL-4, IL-6, IL-8, IL-10, GM-CSF, IFN-γ, and TNF-α) in ascites
at pre and post roller pump were evaluated.
Results: This developed machine was easy to be used without any help.
No significant changes were observed in the levels of cytokines between
pre and post roller pump. Future clinical trials are currently underway to
evaluate the safety and usability.
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