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1. Grantee Institution: The Pennsylvania State University 

 

2. Reporting Period (start and end date of grant award period): 1/1/2009 – 12/31/2012 

 

3. Grant Contact Person (First Name, M.I., Last Name, Degrees): John Anthony, MPA 

 

4. Grant Contact Person’s Telephone Number: 814-935-1081 

 

5. Grant SAP Number:  4100047645 

 

6. Project Number and Title of Research Project: 36 -  Cannula Development and In Vivo 

Testing for Pediatric VAD Development 

 

7. Start and End Date of Research Project:  7/20/2010 to 6/30/2011 

 

8. Name of Principal Investigator for the Research Project: William J. Weiss, Ph.D. 

 

9. Research Project Expenses. 

 

9(A) Please provide the amount of health research grant funds spent on this project for the 

entire duration of the grant, including any interest earned that was spent: 

 

$ 76,264 

 

9(B) Provide the last names (include first initial if multiple individuals with the same last 

name are listed) of all persons who worked on this research project and were supported with 

health research funds.  Include position titles (Principal Investigator, Graduate Assistant, 

Post-doctoral Fellow, etc.), percent of effort on project and total health research funds 

expended for the position.  For multiple year projects, if percent of effort varied from year to 

year, report in the % of Effort column the effort by year 1, 2, 3, etc. of the project (x% Yr 1; 

z% Yr 2-3). 

 

 

       



 2 

Last Name Position Title % of Effort on Project Cost 

None     

 

9(C) Provide the names of all persons who worked on this research project, but who were not 

supported with health research funds.  Include position titles (Research Assistant, 

Administrative Assistant, etc.) and percent of effort on project.  For multiple year projects, if 

percent of effort varied from year to year, report in the % of Effort column the effort by year 

1, 2, 3, etc. of the project (x% Yr 1; z% Yr 2-3). 

 

Last Name Position Title % of Effort on Project 

William J. Weiss, PhD Howard E. Morgan Professor of Surgery 

and Bioengineering 

16.7% 

Gerson Rosenberg, PhD C. McCollister Evarts, M.D. Professor 

in Artificial Organs; Professor of 

Surgery and Bioengineering 

8.3% 

Christopher A. Siedlecki, 

PhD 

Jane A. Fetter Professor of Surgery and 

Professor of Bioengineering 

4.2% 

Elizabeth Carney, DVM Assistant Professor, Comparative 

Medicine 

4.2% 

Rebecca Peterson Animal Study Manager 24% 

Branka Lukic, MS Bioengineer 33% 

 

9(D) Provide a list of all scientific equipment purchased as part of this research grant, a short 

description of the value (benefit) derived by the institution from this equipment, and the cost 

of the equipment. 

 

Type of Scientific Equipment Value Derived Cost 

None   

 

 

10. Co-funding of Research Project during Health Research Grant Award Period.  Did this 

research project receive funding from any other source during the project period when it was 

supported by the health research grant? 

 

Yes_________ No____X______ 

 

If yes, please indicate the source and amount of other funds: 

 

 

11. Leveraging of Additional Funds 
 

11(A) As a result of the health research funds provided for this research project, were you 

able to apply for and/or obtain funding from other sources to continue or expand the 

research?  

 

Yes___X______ No__________ 
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If yes, please list the applications submitted (column A), the funding agency (National 

Institutes of Health—NIH, or other source in column B), the month and year when the 

application was submitted (column C), and the amount of funds requested (column D).  If 

you have received a notice that the grant will be funded, please indicate the amount of funds 

to be awarded (column E). If the grant was not funded, insert “not funded” in column E. 

 

Do not include funding from your own institution or from CURE (tobacco settlement funds). 

Do not include grants submitted prior to the start date of the grant as shown in Question 2.  If 

you list grants submitted within 1-6 months of the start date of this grant, add a statement 

below the table indicating how the data/results from this project were used to secure that 

grant. 

 

A.  Title of research 

project on grant 

application 

B.  Funding 

agency (check 

those that apply) 

C. Month 

and Year  

Submitted 

D. Amount 

of funds 

requested: 

E. Amount 

of funds to 

be awarded: 

Novel Cannulae System 

for Pediatric Ventricular 

Assist Devices 

X NIH     

 Other federal 

(specify:_______) 

 Nonfederal 

source (specify:_) 

12/5/10 $1,572,918 $ 0 

Pre-clinical Testing of a 

VAD for Uni- and Bi-

ventricular Support in 

Infants 

X NIH     

 Other federal 

(specify:______) 

 Nonfederal 

source (specify:_) 

11/5/11 $ 2,984,501 $746,084  

 

  

 

11(B) Are you planning to apply for additional funding in the future to continue or expand 

the research? 

 

Yes___X______ No____ ______ 

 

If yes, please describe your plans: 

 

  We will pursue industrial partner support.    

 

 

12. Future of Research Project. What are the future plans for this research project? 

 

A related NIH SBIR grant is currently being funded (submitted April 2010, before the start 

date of this Health Research Grant). Upon completion of that grant, we will pursue SBIR 

Phase IIb funding for pre-clinical studies of the Pediatric VAD System. At the same time, we 

are investigating options to partner with industry.   
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13. New Investigator Training and Development. Did students participate in project supported 

internships or graduate or post-graduate training for at least one semester or one summer? 

 

Yes_________ No_____X_____ 

 

If yes, how many students? Please specify in the tables below: 

 

 Undergraduate Masters Pre-doc Post-doc 

Male     

Female     

Unknown     

Total     

 

 Undergraduate Masters Pre-doc Post-doc 

Hispanic     

Non-Hispanic     

Unknown     

Total     

 

 Undergraduate Masters Pre-doc Post-doc 

White     

Black     

Asian     

Other     

Unknown     

Total     

 

 

14. Recruitment of Out-of–State Researchers.  Did you bring researchers into Pennsylvania to 

carry out this research project? 

 

Yes_________ No____X______ 

 

If yes, please list the name and degree of each researcher and his/her previous affiliation: 

 

 

15. Impact on Research Capacity and Quality.  Did the health research project enhance the 

quality and/or capacity of research at your institution?   

 

Yes___X______ No__________ 

 

If yes, describe how improvements in infrastructure, the addition of new investigators, and 

other resources have led to more and better research.  

 

This project has helped Penn State Hershey capitalize on the advances made and expertise 

developed in the Penn State Artificial Heart Program and apply those capabilities to enable 
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development of much smaller devices that are needed for use in children and infants with 

congenital heart problems 

 

 

16. Collaboration, business and community involvement.  

 

16(A) Did the health research funds lead to collaboration with research partners outside of 

your institution (e.g., entire university, entire hospital system)?  

 

Yes_________ No____X______ 

 

If yes, please describe the collaborations:  

 

16(B) Did the research project result in commercial development of any research products?  

 

Yes_________ No____X______ 

 

If yes, please describe commercial development activities that resulted from the research 

project:  

 

16(C) Did the research lead to new involvement with the community?   

 

Yes_________ No_____X_____ 

 

If yes, please describe involvement with community groups that resulted from the 

research project:  

 

 

17. Progress in Achieving Research Goals, Objectives and Aims.  
List the project goals, objectives and specific aims (as contained in the grant application’s 

strategic plan).  Summarize the progress made in achieving these goals, objectives and aims 

for the entire grant award period.  Indicate whether or not each goal/objective/aim was 

achieved; if something was not achieved, note the reasons why.  Describe the methods used. 

If changes were made to the research goals/objectives/aims, methods, design or timeline 

since the original grant application was submitted, please describe the changes. Provide 

detailed results of the project.  Include evidence of the data that was generated and analyzed, 

and provide tables, graphs, and figures of the data.  List published abstracts, poster 

presentations and scientific meeting presentations at the end of the summary of progress; 

peer-reviewed publications should be listed under item 20. 

 

This response should be a DETAILED report of the methods and findings.  It is not sufficient 

to state that the work was completed. Insufficient information may result in an unfavorable 

performance review, which may jeopardize future funding.  If research findings are pending 

publication you must still include enough detail for the expert peer reviewers to evaluate the 

progress during the course of the project. 
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Health research grants funded under the Tobacco Settlement Act will be evaluated via a  

performance review by an expert panel of researchers and clinicians who will assess project 

work using this Final Progress Report, all project Annual Reports and the project’s strategic 

plan.  After the final performance review of each project is complete, approximately 12-16 

months after the end of the grant, this Final Progress Report, as well as the Final Performance 

Review Report containing the comments of the expert review panel, and the grantee’s written 

response to the Final Performance Review Report, will be posted on the CURE Web site.   

 

There is no limit to the length of your response. Responses must be single-spaced below, 

no smaller than 12-point type. If you cut and paste text from a publication, be sure 

symbols print properly, e.g., the Greek symbol for alpha () and beta (ß) should not 

print as boxes () and include the appropriate citation(s).  DO NOT DELETE THESE 

INSTRUCTIONS. 
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Summary of Research Completed 

The objective of this research was to continue development of the Penn State Pediatric 

Ventricular Assist Device (PVAD), focusing on the development of a cannulae system that is 

suitable for clinical use. The Pediatric VAD is a blood pump sized for infants less than one year 

of age, with a stroke volume of approximately 12 cc. 

 

Under this project, we completed the design and fabrication of cannulae and connectors, and 

performed 2 chronic animal implantations of the PVAD (described below). This important phase 

of development positions us to pursue funding for the final stage of development - pre-clinical 

testing of the complete PVAD system. 

 

During this year, we were awarded, with Minnetronix, Inc. (St. Paul, MN), a Small Business 

Innovation Research grant award from the National Institutes of Health to develop a portable 

pneumatic driver for the PVAD. The grant funding began in July, 2011. We also submitted an 

R01 grant proposal to NIH in June 2010 to support pre-clinical testing of the PVAD system, 

which was not funded; the proposal was re-submitted in November 2011 and will be reviewed 

early in 2012. We also submitted an SBIR proposal to NIH to fund further PVAD cannulae 

development, but this grant was not funded. 

 

Specific Aim 1. To design and fabricate cannulae for the Penn State Infant Ventricular Assist 

Device (VAD) for use in human infants, utilizing an innovative ePTFE graft construction to 

provide flexibility, kink resistance, and biocompatibility. 

 

We have taken the proposed cannulae design, developed detailed 

requirements and specifications, and fabricated pump connectors 

and cannulae for testing. Figure 1 shows how these cannulae are to 

be used in a biventricular support application. Most commonly, a 

single left pump is used as a left ventricular assist device (LVAD). 

A right pump may be used alone (RVAD) or together with the left 

pump [biventricular support (BiVAD)]. As shown in Table 1, there 

are 3 different cannulae under development for all of these 

applications: arterial, apical, and atrial. 

 

A unique aspect of our approach is the used of expanded 

polytetrafluoroethylene (ePTFE). ePTFE grafts are routinely used 

for small diameter applications (6-10 mm inner diameter), including 

arteriovenous conduits for vascular access in dialysis, and as 

femoral and popliteal artery grafts. In pediatrics, 3-6 mm ePTFE 

grafts are used as extra-cardiac total cavopulmonary connections, and as systemic-to-pulmonary 

artery shunts. 

 

The advantages of ePTFE as a vascular graft material are related both to structure and surface 

chemistry. The porous microstructure consists of fibrils oriented in the axial direction (expansion 

direction). The pore size is defined by the fibril length, or internodal distance, which ranges from 

20-90 µm. The porosity appears to support neointima formation and transmural capillary in 

growth. 

 

Figure 1. The Penn State 

Infant VAD showing 

application for 

biventricular support.  
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The anisotropy allows tensile expansion and compression in the axial direction during bending, 

so that the graft can be flexed with low force, without buckling. This feature is important in the 

VAD application. A disadvantage of early grafts was plasma weeping resulting in perivascular 

seromas; however, newer constructions include hydrostatic layers. Other improvements include 

integral reinforcing rings (e.g. Gore Intering) and additional layers to increase suture retention, 

increase radial burst strength, and prevent needle hole bleeding. Chemically, ePTFE is extremely 

stable and resists biodegradation. It has been shown to be anti- thrombogenic and exhibits low 

platelet activation and inflammatory response. 

 

We have completed 3D Solidworks models, engineering drawings, and specifications for the 

arterial and apical cannulae and connectors. We evaluated a number of ePTFE graft types 

provided by Atrium Medical Corp. We built 2 complete sets of arterial and apical cannulae, 

titanium connectors and apical nuts, and Delrin collets for animal testing (Figures 2 and 3). The 

atrial cannulae have been designed and will be completed early in 2012. 

 

 

 
 

Figure 2. Pump-to-cannula connectors minimize 

recirculation near valves and provide a stabilized 

and nearly seamless interface to the ePTFE 

cannula. 

Figure 3. Left ventricular apical connector for the 

inlet cannula (shown with trocar for insertion into 

ventricle). 

 

 

Table 1. Cannula types to be utilized for uni- and bi-ventricular support modes. 

 Inlet Cannulation  Outlet Cannulation  

 Location  Cannula Type  Location  Cannula 

Type  

LVAD  Left ventricle 

apex 

Apical (straight) Ascending aorta Arterial  

Left atrium Atrial (curved) 

RVAD  Right atrium Pulmonary artery 

Single ventricle 

(congenital anomaly)  

Single ventricle 

apex 

Apical (straight) Ascending aorta 
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Specific Aim 2. To perform two chronic animal studies of 8 week duration, to test the Infant VAD 

with the newly developed cannulae, by assessing thrombogenicity of the VAD/cannulae system at 

the extended (8 week) duration. 

 

Methods. Briefly, the PVAD was implanted in juvenile sheep weighing 20-25 kg. The surgical 

approach was via a right thoracotomy. The inlet cannula was inserted into the left ventricular 

apex, while the outlet cannula was sewn to the descending thoracic aorta. Cardiopulmonary 

bypass was not used. The pump was implanted in the left preperitoneal space. The PVAD 

supplied approximately 2/3 of the animal’s total output. All animal studies were approved by the 

Institutional Animal Care and Use Committee at Penn State College of Medicine. The animals 

were housed in facilities accredited by the Association for Assessment and Accreditation of 

Laboratory Animal Care International, and veterinary care adhered to The Guide for the Care 

and Use of Laboratory Animals. 

 

A right external jugular catheter was placed at least 2 weeks before surgery to allow platelet 

function to stabilize, so that the pre-operative measurements reflect normal baseline conditions.  

Activated partial thromboplastin time (aPTT) and antithrombin III (ATIII) were measured on a 

CA1500 coagulation analyzer (Dade Behring, Newark, DE) using functional clot-based assays. 

Heparin levels were measured on the CA1500 using a chromogenic anti-Xa assay. 

Thromboelastography (TEG) was used to measure the global coagulation kinetics and clot 

strength. Platelet aggregation was measured using whole-blood impedance platelet lumi-

aggregometry (Chrono-log Whole-Blood Lumi-Aggregometer 560-CA with AGGRO/LINK® 

5.1, Chrono-log Corp, Haverton, PA, USA). Activation agonists were adenosine diphosphate 

(ADP) (10µM) and collagen (1 µg/ml). Impedance was recorded 6 minutes after the addition of 

agonist. 

 

Anticoagulation was by intravenous heparin at approximately 20 units/kg/hr, titrated to achieve a 

TEG R time of 2 times normal. 

 

The Infant VAD was operated in automatic full-to-empty mode in all cases, using the air flow fill 

detection system. The automatic mode was set for an end-diastolic delay of 30 msecs, which was 

found in previous in vitro studies to minimize hemolysis related to inlet valve closing. The 

diastolic drive pressure (vacuum) was adjusted to give a mean VAD flow rate of 0.8 – 1.2 

liters/min. A fixed systolic drive pressure of 250 mmHg was used and the systolic duration was 

adjusted as needed for complete ejection with an end-systolic delay of 10-30 msecs. 

 

The methodology is described in Weiss et al1 (recently accepted for publication), although the 

two animal studies described in this report were not included in that paper. 

 

Results. Two animal studies were performed on March 10 and March 13, 2011.  

 

Experiment 1. Animal # 403  

This study utilized a 22.7 kg male Dorset-Finn lamb. The implantation and post-operative course 

were uneventful. The PVAD functioned normally. The study was electively terminated on post-

operative day 35. 
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Figure 4 shows a portion of the hematological data. Note that the heparin levels are quite low, as  

the aPTT is only slightly elevated above pre-operative levels. Fibrinogen and WBC show a 

typical acute phase response. The plasma hemoglobin data in Figure 5 shows that hemolysis is 

not evident. Albumin and total protein are reduced post-operatively but return to normal. 

 

At necropsy, the aortic anastomosis was clean and well-healed, with no grossly evident 

thromboemboli within the outlet cannula or the aorta to the iliac bifurcation. The inlet cannula 

was well-positioned in the left ventricular with no obstruction. There were no grossly evident 

thromboemboli within the cannula lumen. Histologically, there was variable filling of the 

interstitial spaces of the ePTFE with fibrin and erythrocytes. There was no fibrovascular tissue or 

organization present. No nuclei were observed. 

 

A grossly observed lesion in the left kidney was consistent with a chronic cortical infarction of 

unknown duration. The lesion was at least 2-3 weeks old.  There were microscopic lesions 

consistent with (but not specific for) infarction present in both kidneys. Scattered mild individual 

chronic glomerulosclerosis has been noted in acutely implanted lambs, consistent with a 

background lesion. 

 

In summary, there was no clinical evidence of thromboembolism or end organ dysfunction 

during the post-operative course. The new cannulae were judged to be easy to implant, although 

some improvements are needed for the tools to hold the pump connectors during attachment. The 

necropsy results indicated excellent biocompatibility. The renal infarcts were minor, of uncertain 

origin, and consistent with findings in previous studies. 
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Figure 4. Hematological data for experiment #1. 

 

 

 

Experiment 2. Animal #424 

This study utilized a 20.5 kg male Dorset-Finn lamb. There was difficulty achieving normal tidal 

volumes after intubation. There was high resistance to inspiratory and expiratory flow, requiring 

an increase in peak inspiratory pressure. Tidal volumes gradually improved and the implantation 

was performed. However, respiratory function was not adequate post-operatively, and the animal 

was euthanized. 
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Figure 5. Plasma free hemoglobin and LDH for experiment #1 remain within normal ranges (vertical bars 

are +/1 standard deviation of pre-operative values pooled from all animals.) 

 

Urinary biomarkers of ischemic renal injury. A secondary objective of this project was to 

improve the methods used to assess thrombogenicity in animal models. The two animal studies 

provided an opportunity to assess a new method for detecting renal embolization. In the ruminant 

animal model used for VAD testing, emboli from the VAD are more likely to travel to the 

kidneys or gut, rather than the brain, because the arterial cannula is anastomosed to the 

descending thoracic aorta in animals, rather than to the ascending aorta used in humans, and the 

cerebral circulation is a smaller fraction of total blood flow in animals. Furthermore, renal 

ischemia is clearly evident at necropsy, whereas cerebral ischemia in animals is minimized by 

collateral blood flow. Therefore, the documentation of renal ischemic lesions at necropsy is an 

important and accepted measure of thromboembolism in animal testing. However, this approach 

is limited, because the time of occurrence is difficult to assess accurately by histology, 

particularly with chronic stage lesions. It would be useful to detect renal ischemia in real time so 

that ischemic events could be classified, for example, as pre-operative, immediate post-operative, 

or late post-operative (chronic). Although repeated evaluations of serum BUN and creatinine 
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values are common, this is a highly insensitive measure of renal function, requiring loss of 

significant renal parenchyma (up to three-quarters) to see even modest increases 2. 

 

Experimental monitoring of renal damage by evaluation of urine for secreted biomarker proteins 

is a well-established technique in rodents with limited clinical application in man3-9.  When toxic 

or ischemic damage affects renal tubular epithelium, a number of proteins can be detected 

downstream in the urine with robust and exquisite sensitivity and reliability and known decay 

rates.  We monitored the urine of lambs implanted with LVAD devices for evidence of ischemic 

damage by using a panel of 11 antibodies by western blotting of multiple urine samples collected 

before (baseline) and at specified times during the experiment.  The antibody panel includes 

glutathione-S-transferase-π (GSTP1)4,10, heat shock protein 1B (HSP1B)11, hepatitis A virus 

cellular receptor 1 homologue precursor (HAVCR1/aka kidney injury molecule-1 (KIM-1))4, 

neutrophil gelatinase associated lipocalin (NGAL)5,6, cysteine rich protein 61 (CYR61)7, liver 

fatty acid binding protein (L-FABP)8, interleukin-6 (IL-6)4, IL-84, IL-184, retinol binding protein 

(RBP)3, sodium/hydrogen exchanger 3 (NHE3)4, and netrin-19. Samples were stored at -80°C. 

 

Urine creatinine concentration was determined to equalize for gel loading, and quantitation of 

western blots was done by densitometry with a Bio-Rad GS800 calibrated densitometer. As a 

proof of principle, we have already validated three urine biomarkers (GSTP1, HSP1B, and 

HAVCR1) for use in lambs. As a positive control, we used urine from a lamb with severe renal 

ischemia secondary to accidental overdose with non-steroidal anti-inflammatory drug (flunixin 

meglumine)12,13 The LVAD-implanted lamb 35 day study (Lamb 403), included a pre- operative 

(baseline negative) sample, and the biomarker findings correlated with gross and histology 

pathology and were demonstrably more sensitive than serum BUN and creatinine levels (Figures 

6 and 7). A manuscript (Cooper et al)14 has been accepted for publication. Though only 

speculative with one animal, the increased biomarker levels in the first few post-operative hours 

may be related to surgery, while the increase near day 2 may be device-related.  Additional 

studies are needed to establish correlations. 

 

 

Figure 6. Gross photograph of cross-

sectioned kidney from lamb 

overdosed with flunixin meglumine 

showing focally extensive 

hemorrhage in the renal crest (black 

arrow) with pallor and hemorrhage in 

the medulla (white arrow). The cortex 

is grossly normal. Scale is in 

centimeters. 

 

Gross photograph of the kidney in the 

LVAD implanted lamb showing a 

focal area of cortical pallor and 

depression consistent with chronic 

infarction (black arrow). Lesion was 

confirmed by histology. 



 14 

 
Figure 7. Western blots of urine from NSAID treated nephrotoxicity 

lamb (+) and from LVAD implanted lamb 24 hours prior to surgery (-) 

and at denoted times post-operatively. Positive control sample loaded at 

0.5 µg creatinine. All LVAD lamb samples loaded at 1.6 µg creatinine. 

Serum BUN and creatinine values for the LVAD implanted never 

exceeded normal reference ranges. 

 

Summary. We successfully completed the design of the apical and arterial cannulae for the Infant 

PVAD. Prototypes were manufactured and tested in vivo. Despite the loss of one animal, the 

results of the successful study demonstrated that the new cannulae are suitable for surgical use, 

and that thromboembolism is very low, even with low levels of heparin anticoagulation. We do 

not anticipate any major changes to the cannulae or connector designs at this point. We also 

measured biomarkers for renal ischemic injury which are promising as more sensitive measures 

of device embolization. 
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18. Extent of Clinical Activities Initiated and Completed.  Items 18(A) and 18(B) should be 

completed for all research projects.   If the project was restricted to secondary analysis of 

clinical data or data analysis of clinical research, then responses to 18(A) and 18(B) should 

be “No.” 

 

18(A) Did you initiate a study that involved the testing of treatment, prevention or 

diagnostic procedures on human subjects? 

______Yes  

___X__No  

 

18(B) Did you complete a study that involved the testing of treatment, prevention or 

diagnostic procedures on human subjects? 

______Yes  

___X__No  

 

If “Yes” to either 18(A) or 18(B), items 18(C) – (F) must also be completed.  (Do NOT 

complete 18(C-F) if 18(A) and 18(B) are both “No.”) 

 

18(C) How many hospital and health care professionals were involved in the research 

project? 

______Number of hospital and health care professionals involved in the research 

project 
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18(D) How many subjects were included in the study compared to targeted goals? 

______Number of subjects originally targeted to be included in the study 

______Number of subjects enrolled in the study 

 

Note: Studies that fall dramatically short on recruitment are encouraged to 

provide the details of their recruitment efforts in Item 17, Progress in Achieving 

Research Goals, Objectives and Aims. For example, the number of eligible 

subjects approached, the number that refused to participate and the reasons for 

refusal. Without this information it is difficult to discern whether eligibility 

criteria were too restrictive or the study simply did not appeal to subjects. 

 

18(E) How many subjects were enrolled in the study by gender, ethnicity and race? 

 

Gender: 

______Males 

______Females 

______Unknown 

 

Ethnicity: 

______Latinos or Hispanics 

______Not Latinos or Hispanics 

______Unknown 

 

Race: 

______American Indian or Alaska Native  

______Asian  

______Blacks or African American 

______Native Hawaiian or Other Pacific Islander 

______White 

______Other, specify:      

______Unknown 

 

18(F) Where was the research study conducted? (List the county where the research 

study was conducted.  If the treatment, prevention and diagnostic tests were offered in 

more than one county, list all of the counties where the research study was 

conducted.) 

 

 

19. Human Embryonic Stem Cell Research.  Item 19(A) should be completed for all research 

projects.  If the research project involved human embryonic stem cells, items 19(B) and 

19(C) must also be completed. 

 

19(A) Did this project involve, in any capacity, human embryonic stem cells?  

______Yes  

__X__  No  



 17 

19(B) Were these stem cell lines NIH-approved lines that were derived outside of 

Pennsylvania? 

______Yes  

______ No  

 

19(C) Please describe how this project involved human embryonic stem cells:  

 

 

20. Articles Submitted to Peer-Reviewed Publications.  

 

20(A) Identify all publications that resulted from the research performed during the funding 

period and that have been submitted to peer-reviewed publications.  Do not list journal 

abstracts or presentations at professional meetings; abstract and meeting presentations should 

be listed at the end of item 17.  Include only those publications that acknowledge the 

Pennsylvania Department of Health as a funding source (as required in the grant 

agreement). List the title of the journal article, the authors, the name of the peer-reviewed 

publication, the month and year when it was submitted, and the status of publication 

(submitted for publication, accepted for publication or published.).  Submit an electronic 

copy of each publication, listed in the table, in a PDF version 5.0.5 format, 1,200 dpi. 

Filenames for each publication should include the number of the research project, the last 

name of the PI, the number of the publication and an abbreviated research project title.  For 

example, if you submit two publications for PI Smith for the “Cognition and MRI in Older 

Adults” research project (Project 1), and two publications for PI Zhang for the “Lung 

Cancer” research project (Project 3), the filenames should be:  

Project 1 – Smith – Publication 1 – Cognition and MRI 

Project 1 – Smith – Publication 2 – Cognition and MRI 

Project 3 – Zhang – Publication 1 – Lung Cancer 

Project 3 – Zhang – Publication 2 – Lung Cancer 

If the publication is not available electronically, provide 5 paper copies of the publication.   

 

Note:  The grant agreement requires that recipients acknowledge the Pennsylvania 

Department of Health funding in all publications.  Please ensure that all publications listed 

acknowledge the Department of Health funding. If a publication does not acknowledge the 

funding from the Commonwealth, do not list the publication. 

 

Title of Journal Article: Authors: Name of 

Peer-

reviewed 

Publication: 

Month and 

Year 

Submitted: 

Publication 

Status (check 

appropriate 

box below): 

1.Use of urinary 

biomarkers of renal 

ischemia in a lamb 

preclinical LVAD model 

Cooper T, Zhong 

Q, Nabity M, 

Rosenberg G, 

Weiss W 

Artificial 

Organs 

Sep 2011 Submitted 

 Accepted 

X Published 
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20(B) Based on this project, are you planning to submit articles to peer-reviewed publications 

in the future?   

 

Yes____X_____ No__________ 

 

If yes, please describe your plans: 

 

The results of studies under this grant would be added to additional future studies and 

published as a group. 

 

 

21. Changes in Outcome, Impact and Effectiveness Attributable to the Research Project.  

Describe the outcome, impact, and effectiveness of the research project by summarizing its 

impact on the incidence of disease, death from disease, stage of disease at time of diagnosis, 

or other relevant measures of outcome, impact or effectiveness of the research project.  If 

there were no changes, insert “None”; do not use “Not applicable.”  Responses must be 

single-spaced below, and no smaller than 12-point type. DO NOT DELETE THESE 

INSTRUCTIONS.  There is no limit to the length of your response.  

 

None 

 

 

22. Major Discoveries, New Drugs, and New Approaches for Prevention Diagnosis and 

Treatment.  Describe major discoveries, new drugs, and new approaches for prevention, 

diagnosis and treatment that are attributable to the completed research project. If there were 

no major discoveries, drugs or approaches, insert “None”; do not use “Not applicable.”  

Responses must be single-spaced below, and no smaller than 12-point type. DO NOT 

DELETE THESE INSTRUCTIONS.  There is no limit to the length of your response. 

 

None 

 

23. Inventions, Patents and Commercial Development Opportunities. 
 

23(A) Were any inventions, which may be patentable or otherwise protectable under Title 35  

of the United States Code, conceived or first actually reduced to practice in the performance 

of work under this health research grant?  Yes   No X  

 

If “Yes” to 23(A), complete items a – g below for each invention. (Do NOT complete items 

 a - g if 23(A) is “No.”) 

 

a. Title of Invention:   

b. Name of Inventor(s):   

 

c. Technical Description of Invention (describe nature, purpose, operation and physical, 

chemical, biological or electrical characteristics of the invention):   
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d. Was a patent filed for the invention conceived or first actually reduced to practice in 

the performance of work under this health research grant?   

Yes  No  

If yes, indicate date patent was filed:   

 

e. Was a patent issued for the invention conceived or first actually reduced to practice in 

the performance of work under this health research grant?   

Yes  No  

If yes, indicate number of patent, title and date issued:   

Patent number:   

Title of patent:   

Date issued:   

 

f. Were any licenses granted for the patent obtained as a result of work performed under 

this health research grant?  Yes   No  

 

If yes, how many licenses were granted?    

 

g. Were any commercial development activities taken to develop the invention into a 

commercial product or service for manufacture or sale?  Yes  No  

 

If yes, describe the commercial development activities:   

 

23(B) Based on the results of this project, are you planning to file for any licenses or patents, 

or undertake any commercial development opportunities in the future?  

 

Yes____X_____ No__________ 

 

If yes, please describe your plans: 

 

We are pursuing commercial partnerships to further develop the PVAD system. 

 

 

24. Key Investigator Qualifications.  Briefly describe the education, research interests and 

experience and professional commitments of the Principal Investigator and all other key 

investigators. You may insert the NIH biosketch form here; please limit to 2 pages.  
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