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ABSTRACT/SUMMARY/SPECIFIC AIMS
Following endovascular aortic repair(EVAR) for abdominal aortic aneurysms(AAA), current guidelines
recommend rigorous follow-up including aortic imaging at one-month and annual thereafter.1 This is to detect
ongoing aortic degeneration and endoleak that is reported in >30% of patients, and may ultimately lead to sac
re-pressurization and rupture.2 Despite this, a significant number of patients do not adhere to follow-up
guidelines, with incomplete follow-up seen in half of patients and complete loss to follow-up in 40%.3
Several studies have explored risk factors associated with poor follow-up.4–6 However, these fail to
address how patient beliefs, attitudes, or experiences influence follow-up behavior, nor do they adequately inform
the types of interventions that will have the greatest impact on improving follow-up. Multi-level interventions
involving at least two contextual factors (example: patients and providers) are powerful strategies to effectuate
change.7 Intervention mapping (IM) is a validated framework used to develop theory-based multi-level
interventions used in healthcare.8 This is a multi-step process beginning with a needs assessment and
culminating in an intervention strategy ready for pilot testing. Qualitatively understanding follow-up behavior has
been investigated in different fields including women’s health, infectious diseases, oncology, and
ophthalmology.9–12 However, there is a paucity of qualitative assessments of follow-up behavior after vascular
surgery. We aim to understand barriers and facilitators to follow-up after EVAR and determine a multi-level
intervention to improve follow-up utilizing the IM framework.
Aim 1: Understand patient-, provider-, and system-level barriers and facilitators to recommended followup after EVAR.
We will conduct semi-structured interviews of patients, providers, and other key stakeholders, relying on the
Theoretical Domains Framework (TDF) to identify key domains of influences on postoperative follow-up behavior
as well as potential interventions to mitigate loss of follow-up.
Aim 2: Create a prototype of a behavioral intervention to improve follow-up after EVAR.
Following the IM structure, we will convene a comprehensive working group involving a vascular surgeon, an
implementation scientist, a nurse or care coordinator, and a group facilitator. We will engage the community with
patient involvement at crucial steps. Our objectives are to i) map the understanding of barriers and facilitators
from Aim 1 to a theory of behavior, ii) identify relevant behavior change techniques, and iii) select a mode of
delivery. The product will be a pen-and-paper prototype of an intervention ready for development.
EVAR is a significant advancement in the care of aneurysmal disease, yet it comes at a cost of rigorous
follow-up, without which patients risk further aortic degeneration, rupture, and death. Qualitative studies to
understand drivers behind adherence to medical recommendations and follow-up are underused in vascular
surgery. These forces represent modifiable mechanisms that may underpin the success or failure of any vascular
intervention. This research is consistent with the NIH best practice for behavioral intervention development and
has implications beyond AAA disease. This project will yield generalizable knowledge and serve as the basis of
future multi-institution pilot testing of a theory-based intervention to improve post-operative follow-up.
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PUBLIC HEALTH RELEVANCE STATEMENT
While advanced techniques in healthcare enable shorter recovery time after complex aortic surgery for
aneurysmal disease (ballooning out of a blood vessel) the recommended follow-up schedule is difficult for people
to adhere to. We do not fully understand all of the factors that impact the behavior to follow-up after surgery. We
plan to investigate why some patients are able to follow-up and why others are not, and further use that
information to design ways to make follow-up easier.
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ENVIRONMENT: FACILITIES AND OTHER RESOURCES STATEMENT
Facilities:
UPMC is a large multi-hospital healthcare network that with a large, diverse, and productive division of vascular
surgery. We have over 20 full-time faculty members that repair hundreds of elective AAAs every year. In addition,
we are a regional tertiary referral center for the care of ruptured AAAs and receive 30-50 patients with a ruptured
aneurysm each year. We have a robust history of clinical research within the division, and paired with the Center
for Clinical Research, Investigation, and Systems Modeling of Acute Illness (CRISMA), we have a strong working
team committed to improving follow-up for patients after vascular surgery.
Study Personnel:
Amanda Phillips, MD MS: Dr. Phillips is vascular surgery resident at the University of Pittsburgh. Her research
interests include optimizing the care and outcomes of patients with aneurysm disease and disparities in vascular
surgery. She has been integral in the development and implementation of our system-wide protocol for managing
rAAAs, and she has completed several studies involving our institutional database of rAAA. She spearheaded
the expert panel construction of the table of intrinsic and extrinsic factors associated with follow-up adherence.
She has formal training in clinical research and statistical methods and will serve as the principal investigator for
this study.
Nathan Liang, MD MS: Dr. Liang is a vascular surgeon and Assistant Professor of Surgery at the University of
Pittsburgh and UPMC. His research focuses on improving outcomes during and after repair of aortic pathology,
including aortic aneurysms.
Edith Tzeng, MD: Dr. Tzeng is a vascular surgeon and professor of surgery at the University of Pittsburgh, and
Chief of Vascular Surgery at the VA Pittsburgh Health System. She has a long track record of mentorship and
has recently received a Vascular Cures funding to understand AAA healing following EVAR. She will serve as
an additional content expert in aortic surgery.
Deepika Mohan, MD MPH: Dr. Mohan is a trauma surgeon and associate professor of critical care medicine and
surgery at the University of Pittsburgh. Her research interests include complex decision making and qualitative
methods to improve care of surgical patients. She has a strong working relationship with qualitative experts and
implementation scientists at the University of Pittsburgh and will be an important asset for collaboration. She
served as an expert on the expert panel for construction of follow-up adherence factors.
Kimberly Rak, PhD: Dr. Rak is a medical anthropologist in the department of critical care medicine and highly
skilled in qualitative research. She leads the Qualitative and Mixed Methods Core in CRISMA. Her work primarily
focuses on health services research; and she has helped design, conduct, and analyze many funded qualitative
research projects.
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INSTITUTION AND LOCATION

DEGREE
(if applicable)

Start Date
MM/YYYY

Completion
Date
MM/YYYY

FIELD OF STUDY

University of Oregon

BS

06/2005

06/2009

Molecular Biology

University of Michigan Medical School

MD

06/2012

06/2016

Medicine

Residency

07/2016

Present

Vascular Surgery

MSc

07/2019

07/2021

Clinical Research

University of Pittsburgh Medical
Center
University of Pittsburgh Institute for
Clinical Research and Education

A. Personal Statement
I am a resident in vascular surgery at the University of Pittsburgh Medical Center in my sixth year of training,
and recently completed my two-year dedicated academic development time funded on a T-32 training grant.
My long-term research interests involve the management and outcomes of abdominal aortic aneurysms,
understanding disparities in vascular surgery, and improving healthcare access and postoperative follow-up.
My academic and clinical experiences have given me an excellent background in healthcare disparities, clinical
research, and vascular pathology.
My interest in healthcare disparities began prior to medical school, volunteering 20 hours a week at a
non-profit homeless youth clinic, Outside In. I saw first-hand how devastating the gap in care can be for people
without adequate access to healthcare. In medical school, I found that my clinical and research interests
aligned with vascular surgery with an aging patient population that was largely underserved. I chose to do
surgical training at an academic institution with two years of dedicated time for research, with which I have
undertaken a masters’ degree in clinical research to gain formal training in study design, hypothesis driven
research, statistical methods, and project execution.
Throughout residency, a primary research focus of mine has been on improving perioperative management
of ruptured AAAs (rAAA). Along with my faculty mentor, Dr. Nathan Liang, I was granted an institutional
Beckwith grant of $10,000 to implement a system-wide protocol for rAAAs that has been a huge success,
exponentially decreasing the time it takes for patients to arrive in the OR. In addition, I have been integral in
building and maintaining a robust database of over 600 patients that have undergone repair for rAAA at our
institution. I have had multiple abstracts accepted using this database and am currently preparing their
respective manuscripts.
It was through building this database that our team began to appreciate the number of patients that have
inadequate follow-up and recognized an opportunity for investigation and improvement. With this seed grant,
we hope to begin to understand the barriers and facilitators to accessible follow-up care for patients who
underwent endovascular aortic repair (EVAR) for AAA. We plan to use the knowledge gained from this project
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as the basis of a future grant, piloting a behavior change intervention and ultimately expand this as a multiinstitution endeavor. I have been a critical member in the concept and design of this project and will be the
principal investigator throughout its course. I will use the knowledge gained from this project in future academic
pursuits.
1. Phillips AR, Sullivan C, Brown A, Sullivan E, Eslami ME, Chaer RA, Makaroun M, Liang NL One-year
outcomes and stakeholder perspectives on Code Rupture - A system-wide protocol for ruptured
abdominal aortic aneurysms. Abstract submission to VESS 2022, manuscript in preparation.
2. Phillips AR, Andraska EA, Martinez-Meehan D, Dai Y, Reitz KM, Johnson AE, Tzeng E, Liang NL.
Rupture before the age of AAA screening – Another example of disparities in vascular surgery? Fulllength plenary talk at SVS Vascular Annual Meeting 2021, manuscript in preparation.
3. Phillips AR, Andraska EA, Reitz KM, Gabriel L, Salem K, Sridharan N, Tzeng E, Liang NL. Any
postoperative surveillance improves survival after endovascular repair of ruptured abdominal aortic
aneurysms. Presenting as a poster competition to SVS Vascular Annual Meeting 2021, manuscript
currently under review.
4. Phillips AR, Mikati N, Corbelli N, Brown JB, Makaroun MS, Tzeng E, Guyette FX, Liang NL. A
Preoperative Volume Resuscitation Window Between 1-2.5L is Associated with Decreased Mortality in
Hypotensive Patients with a Ruptured Abdominal Aortic Aneurysm. Abstract accepted for presentation
at SCVS in March 2021, manuscript in preparation.
5. Phillips AR, Mikati N, Corbelli N, Brown JB, Guyette FX, Makaroun MS, Liang NL. Increasing Variability
of Blood Pressure During Air Medical Transport is Associated with Early Mortality in Patients with
Ruptured Abdominal Aortic Aneurysm. J of Vasc Surg 2020 Jun;72(1):e193.
B. Positions and Honors
Positions and Employment
2009-2011
Research Assistant, Department of Otolaryngology, OHSU, Portland Oregon
2012-2016
Medical student, University of Michigan Medical School, Ann Arbor Michigan
2016-present Resident Physician, University of Pittsburgh Medical Center, Pittsburgh Pennsylvania
2019-present Postdoctoral Research Fellow, University of Pittsburgh
Other Experience and Professional Memberships
2010-2011
Volunteer Clinic Assistant, Outside In, Portland Oregon
2016-present Resident member, The Society for Vascular Surgery (SVS)
2016-present Resident member, The Eastern Vascular Society (EVS)
2020-present Resident member, Vascular and Endovascular Surgery Society (VESS)
Honors and Awards
2012-2015
2015
2015
2015
2016
2016
2020

John E. and Helen R. Burch Medical School Tuition Scholarship
Eastern Vascular Society Medical Student Travel Award
Recognition for Outstanding Clinical Skills Performance, UMMS
Society of Vascular Surgery Medical Student Travel Award
Society of Vascular Surgery Medical Student Travel Award
Introduction to Academic Vascular Surgery Travel Award
Fellows Travel Scholarship Venous Symposium

C. Contributions to Science
1. Early Career: My early career contributions focused on investigating the mechanism of uptake of ototoxic
drugs in the inner ear. More specifically, I used fluorescently tagged aminoglycosides (i.e., gentamycin) to
explore the uptake mechanism in hair cells utilizing cell lines, zebrafish, and mouse models. All work was
performed in Dr. Peter Steyger’s basic science lab at the Oregon Health Sciences University.
a. Chu Y, Sibrian-Vazquez M, Escobedo JO, Phillips A, Dickey DT, Wang Q, Ralle M, Steyger PS,
Strongin RM. Systemic Delivery and Biodistribution of Cisplatin in Vivo. Mol Pharmaceutics 2016
Jun;13(8):2677-82
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b. Wang T, Yang YQ, Karasawa T, Wang Q, Phillips A, Guan BC, Ma KT, Jiang M, Xie DH, Steyger PS,
Jiang ZG. Bumetanide hyperpolarizes MDCK cells and enhances cellular gentamicin uptake via
activation of intermediate conductance Ca2+-activated potassium channels. Cell Bioch and Bioph 2013
Apr;65(3):381-98.
2. Medical School: In medical school I explored a number of areas of interest including otolaryngology,
radiation oncology, and vascular surgery. This gave me the opportunity to appreciate clinical research and
understand characteristics of a career that I valued. I saw immense potential for myself in progressing the field
of vascular surgery in clinical research in aneurysmal disease and disparities work, which led me to pursue an
academic vascular surgery residency program.
a. Boniakowski AE, Davis FM, Phillips A, Robinson AB, Coleman DM, Henke PK. Effect of Preoperative
Cardiology Specialty Consultation Prior to Elective Aortic Aneurysm Repair on Patient Morbidity.
Vascular 2017 Jan;25(4):390-95
b. Phillips A, Jackson T, Eliason J, Selewski D, Stanley J, Coleman DM. Pediatric Renal Parenchymal
Recovery Following Surgical Revascularization of Renovascular Hypertension. J Vasc Surg 2016
May;63(6):150S-151S
c. Phillips A, Eliason JL, Stanley JC, Coleman DM. Infantile Renovascular Hypertension with Failure to
Thrive. Ann of Vasc Surg 2016 Mar;33(C):228.
d. Pritchett C, Zwolan T, Huq F, Phillips A, Parmar H, Ibrahim M, Thorne M, Telian S. Variations in the
cochlear implant experience in children with enlarged vestibular aqueduct. Laryngoscope 2015
doi:10.1002/lary.25187.
3. Residency: In residency I have focused on AAA management and outcomes along with disparities in
vascular surgery. I have primarily utilized regression statistics to analyze institutional datasets for rAAA and
pulmonary embolisms. However, I have also began to explore qualitative methodologies including thematic
analysis and the delphi method that has led me to develop a profound interest in utilizing these techniques in
future research endeavors.
a. Phillips AR, Reitz KM, Myers S, Thoma F, Andraska EA, Jano A, Sridharan N, Smith RE, Mulukutla S,
Chaer RA. The Association Between Black Race, Clinical Severity, and Management of Acute
Pulmonary Embolism - Retrospective Cohort Study. JAHA 2021 accepted 7/13/21 DOI
10.1161/JAHA.121.021818
b. Phillips AR, Myers S, Andraska EA, Asaadi S, Bump G, Chaer RA. Exploring Gender Bias in Staff and
Patient Generated Complaints in Medical and Surgical Residency. Data analysis
c. Mikati N, Phillips AR, Corbelli N, Guyette FX, Liang NL. The Effect of Blood Transfusion during Air
Medical Transport on Transport Times in Patients with Ruptured Abdominal Aortic Aneurysm.
Prehospital Emer Care 2021 Feb 17;1-8. doi10.1080/10903127.2020.1868636.
d. Phillips AR, Tran L, Foust JE, Liang NL. Systematic Review of Plasma to Packed Red Blood Cell Ratio
on Survival in Ruptured Abdominal Aortic Aneurysms. J Vasc Surg. 2021 Apr;73(4):1438-1444

Complete List of Published Work in My Bibliography:
https://www.ncbi.nlm.nih.gov/myncbi/12O6i2yRO6RsjG/bibliography/public/
D. Additional Information: Research Support and/or Scholastic Performance
Prior Research Support
5 T32 HL098036-10
Tzeng, Edith
07/01/19-07/01/21
I received T32 postdoctoral research award primarily focusing on improving outcomes in abdominal aortic
aneurysms and disparities in vascular surgery
Role: FEL
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N/A, Beckwith Institute Frontline Innovation Program
Liang, Nathan L (PI)
10/01/19-10/1/20 (with extension due to COVID-19)
I am a resident awardee of an institution Beckwith grant for $10K to implement a system wide protocol for
ruptured abdominal aortic aneurysms
Role: Resident-investigator
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Rice University
Texas A&M HSC College of Medicine
University of Pittsburgh
University of Pittsburgh
University of Pittsburgh Medical Center

DEGREE
(if applicable)
BS
MD
MS
Postdoctoral Fellow
Resident
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05/2007
05/2011
05/2016
06/2016
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FIELD OF STUDY
Biochemistry & Cell Biology
Medicine
Clinical Research
Integrated Vascular Surgery

A. Personal Statement
I am an Assistant Professor in the Division of Vascular Surgery in the Department of Surgery at the University
of Pittsburgh School of Medicine and a board-certified vascular surgeon at UPMC. My overarching research
interests are in the study of aortic aneurysms and dissection with special interests in comparative
effectiveness and new technologies in aneurysm repair, improving the treatment and understanding of
ruptured aortic aneurysms, and predicting aneurysm growth using novel methods. In addition to my medical
degree and residency training, I hold a master’s degree in clinical research obtained through the University of
Pittsburgh with formal training in clinical trial design and advanced statistical methods including causal
inference and machine learning.
My current research focuses primarily on improving the outcomes after treatment of ruptured abdominal
aortic aneurysms (RAAA and understanding the inflammatory and coagulopathic responses to this specific
injury mechanism. RAAA continues to carry a significant in-hospital mortality burden of 20-40% even in the
modern era, and a significant knowledge deficit exists regarding understanding of the injury physiology and
resuscitative interventions that may improve current care. My ongoing projects in this area include
retrospectively examining the impact of blood product resuscitation and changes over time in the outcomes
for RAAA, evaluation of RAAA coagulopathy and its effects on multiple organ failure and mortality, and
characteristics of prehospital care and transport affecting RAAA outcomes. Our overarching direction of study
is based on the current knowledge of coagulopathy, multiple organ failure, and mechanisms of mortality and
morbidity found in hemorrhagic trauma. My long-term research goals are to improve the selection, operative
treatment, and outcomes of patients with aortic aneurysm and dissection in the elective and emergency
settings and to understand pathophysiologic mechanisms that contribute to poor postoperative outcomes
after aortic surgery. My long-term career goals are to become a nationally recognized vascular surgeon and
clinical researcher.
The proposed study focuses on the care of RAAA patients after the immediate hospitalization. Follow-up after
endovascular aneurysm repair nationally has been demonstrated to be low and not within SVS recommended
guidelines. We have demonstrated the same using our institutional data. Our objective with this study is to
study follow-up after RAAA repair by using a qualitative research framework to first identify reasons for
follow-up failure in stakeholders, and then implementing a tool based on this framework to improve follow-up
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compliance. We hope to use this method in RAAA as a proof-of-concept before extending this to AAA and
EVAR.
1. Phillips AR, Tran L, Foust JE, Liang NL. Systematic review of plasma to packed red blood cell ratio on
survival in ruptured abdominal aortic aneurysms. J Vasc Surg. 2020 Nov 12; PubMed PMID: 33189763.
2. Liang NL, Ohki T, Ouriel K, Teigen C, Fry D, Henretta J, Komori K, Kichikawa K, Makaroun MS. Fiveyear results of the INSPIRATION study for the INCRAFT low-profile endovascular aortic stent graft
system. J Vasc Surg. 2020 Jul 21; PubMed PMID: 32707389.
3. Liang NL, Reitz KM, Makaroun MS, Malas MB, Tzeng E. Comparable perioperative mortality outcomes
in younger patients undergoing elective open and endovascular abdominal aortic aneurysm repair. J
Vasc Surg. 2018 May;67(5):1404-1409.e2. PubMed Central PMCID: PMC5916017.

B. Positions and Honors
Positions and Employment
2018 -

Assistant Professor of Surgery, University of Pittsburgh, Pittsburgh, PA

Other Experience and Professional Memberships
2011 2011 2011 2018 2019 2019 2020 -

Fellow, Society for Vascular Surgery
Active Member, Society for Clinical Vascular Surgery
Active Member, Eastern Vascular Society
Active Member, Vascular and Endovascular Surgery Society
Early Career Member, American Heart Association
Associate Fellow, American College of Surgeons
Active Member, Association for Academic Surgery

Honors
2003 - 2007
2006 - 2009
2015
2015
2015
2016
2019

National Merit Scholar, Rice University
Nanomedicine Training Award, National Center for Macromolecular Imaging, Baylor College of Medicine
Servier Traveling Fellowship, American Venous Forum
Second Place Paper, IAVS
R. Clement Darling III Award, Outstanding Thesis in Clinical Research , Institute for Clinical Research Education, University of Pittsburgh
Research Career Development Travel Award, SVS Foundation

C. Contribution to Science
1. Improving Clinical Outcomes and Understanding Pathophysiologic Mechanisms in Ruptured Abdominal

Aortic Aneurysms

Ruptured abdominal aortic aneurysm is a highly fatal and morbid emergency condition despite clinical and
technological advances in aneurysm repair and postoperative care. Much of the pathophysiology of
ruptured aortic aneurysms remains unstudied. My focus is on the nonoperative care of ruptured
aneurysms, specifically the study of coagulopathy, multiple organ failure, and perioperative resuscitation
in this difficult patient population.
a. Phillips AR, Tran L, Foust JE, Liang NL. Systematic review of plasma to packed red blood cell ratio on
survival in ruptured abdominal aortic aneurysms. J Vasc Surg. 2020 Nov 12; PubMed PMID:
33189763.
2. Aortic Aneurysms and Dissection
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Research in outcomes related to intervention for diseases of the descending thoracic and abdominal aorta
is rapidly proliferating due to technological advances in the field. I have studied the effects of elective
aortic intervention in discrete populations such as females and special populations such as the
hemodialysis-dependent. I have demonstrated that minimally invasive endovascular aortic repair (EVAR)
and open surgical repair for aortic aneurysms tend to have similar mortality rates in young, good-risk
patients in contrast to the survival advantage enjoyed by older more frail patients with EVAR. I have also
demonstrated poor mid and long-term survival in hemodialysis patients after aneurysm surgery
independent of other risk factors.
a. Reitz KM, Liang NL, Xie B, Makaroun M, Tzeng E. Inferior Mid-term Durability with Comparable
Survival for Younger Patients Undergoing Elective Endovascular Infrarenal versus Open Abdominal
Aortic Aneurysm Repair. Ann Vasc Surg. 2020 Apr;64:143-150.e1. PubMed Central PMCID:
PMC7096248.
b. Liang NL, Reitz KM, Makaroun MS, Malas MB, Tzeng E. Comparable perioperative mortality outcomes
in younger patients undergoing elective open and endovascular abdominal aortic aneurysm repair. J
Vasc Surg. 2018 May;67(5):1404-1409.e2. PubMed Central PMCID: PMC5916017.
c. Liang NL, Yuo TH, Al-Khoury GE, Hager ES, Makaroun MS, Singh MJ. High mortality rates after both
open surgical and endovascular thoracic aortic interventions in patients with end-stage renal disease. J
Vasc Surg. 2017 Oct;66(4):991-996. PubMed Central PMCID: PMC5612851.
d. Liang NL, Genovese EA, Al-Khoury GE, Hager ES, Makaroun MS, Singh MJ. Effects of Gender
Differences on Short-term Outcomes in Patients with Type B Aortic Dissection. Ann Vasc Surg. 2017
Jan;38:78-83. PubMed Central PMCID: PMC5164863.
3. Interventional Treatment of Pulmonary Embolism

The recent introduction of catheter-based interventions (CDT) for the treatment of acute high-risk and
intermediate-risk pulmonary emboli have resulted in rapid increases in the utilization of these techniques
ahead of the available evidence. I have shown that compared to systemic thrombolysis (the current
standard of care), CDT is not associated with a survival advantage but has a significantly better
complication profile including lower risk of hemorrhagic stroke during or after treatment.
a. Avgerinos ED, Abou Ali AN, Liang NL, Genovese E, Singh MJ, Makaroun MS, Chaer RA. Predictors of
failure and complications of catheter-directed interventions for pulmonary embolism. J Vasc Surg
Venous Lymphat Disord. 2017 May;5(3):303-310. PubMed Central PMCID: PMC6394221.
b. Liang NL, Chaer RA, Marone LK, Singh MJ, Makaroun MS, Avgerinos ED. Midterm outcomes of
catheter-directed interventions for the treatment of acute pulmonary embolism. Vascular. 2017
Apr;25(2):130-136. PubMed Central PMCID: PMC7193278.
c. Liang NL, Avgerinos ED, Singh MJ, Makaroun MS, Chaer RA. Systemic thrombolysis increases
hemorrhagic stroke risk without survival benefit compared with catheter-directed intervention for the
treatment of acute pulmonary embolism. J Vasc Surg Venous Lymphat Disord. 2017 Mar;5(2):171176.e1. PubMed Central PMCID: PMC5324829.
d. Liang NL, Avgerinos ED, Marone LK, Singh MJ, Makaroun MS, Chaer RA. Comparative Outcomes of
Ultrasound-Assisted Thrombolysis and Standard Catheter-Directed Thrombolysis in the Treatment of
Acute Pulmonary Embolism. Vasc Endovascular Surg. 2016 Aug;50(6):405-10. PubMed Central
PMCID: PMC7193277.
4. Application of Complex Statistical Methods in Clinical Outcomes Research

Advanced methods for data analysis are underutilized in clinical outcomes research. This may be due to a
combination of factors including interpretability, ease of dissemination, and unfamiliarity on the part of
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researchers and clinicians. Though this rarely results in serious methodological errors in analysis, advanced
techniques such as machine learning methods can provide advantages in certain situations. I have utilized
propensity matching and weighting extensively in recent studies for causal inference in observational data.
I have also demonstrated the use of extended Cox regression to correct for immortal time bias, using vena
cava filter placement in hospitalized patients as an example. My current research focus in this area is the
application of supervised machine learning methods for individualized prediction of aortic aneurysm
growth, and I am currently a co-investigator on an internally funded project in this area.
a. Liang NL, Baril DT, Avgerinos ED, Leers SA, Makaroun MS, Chaer RA. Comparative effectiveness of
anticoagulation on midterm infrainguinal bypass graft patency. J Vasc Surg. 2017 Aug;66(2):499505.e2. PubMed Central PMCID: PMC5524600.
b. Liang NL, Genovese EA, Avgerinos ED, Singh MJ, Makaroun MS, Chaer RA. Impact of Inferior Vena
Cava Filter Placement on Short-Term Outcomes in Patients with Acute Pulmonary Embolism. Ann
Vasc Surg. 2017 Jul;42:71-77. PubMed Central PMCID: PMC5536973.
c. Liang NL, Avgerinos ED, Singh MJ, Makaroun MS, Chaer RA. Systemic thrombolysis increases
hemorrhagic stroke risk without survival benefit compared with catheter-directed intervention for the
treatment of acute pulmonary embolism. J Vasc Surg Venous Lymphat Disord. 2017 Mar;5(2):171176.e1. PubMed Central PMCID: PMC5324829.

Complete List of Published Work in My Bibliography:
https://www.ncbi.nlm.nih.gov/myncbi/nathan.liang.1/bibliography/public/

D. Additional Information: Research Support and/or Scholastic Performance
Completed Research Support
T32 HL098036-06, National Heart, Lung and Blood Institute (NHLBI)
TZENG, EDITH (PI)

07/01/09-06/30/20
Vascular Surgery Research Training (VascTrain) Program
Role: TA
Frontline Innovation Award, UPMC Beckwith Institute
Liang, Nathan Loren (PI)

12/04/19-12/04/20
Ruptured Abdominal Aortic Aneurysm System-Wide Protocol
Prospective registry assessment of systems-based outcomes after surgery for ruptured abdominal aortic
aneurysms.

Role: PI
Biomedical Modeling Pilot Award, University of Pittsburgh CTSI
Vorp, David (PI)

01/01/19-01/01/21
AI Tool to Predict Biomechanical Status of AAA
Modeling biomechanical response of the aortic wall using machine learning methods.

Role: Co-Investigator
PHDA IPA 2019 1, Pittsburgh Health Data Alliance
Vorp, David (PI)

Phillips_Improving follow-up after EVAR_EVS seed grant
10/01/18-01/31/21
Bioengineering Studies of Abdominal Aortic Aneurysms: 3D Reconstruction and Computational Stress Analysis
Utilization of clinical, volumetric and computational stress analysis for prediction of the behavior of small
aneurysms using machine learning methods.

Role: Co-Investigator
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University of Illinois

B.S.

Completion
Date
MM/YYYY
05/1986

University of Chicago

M.D.

06/1990

Medicine

06/1999

Surgery
Vascular biology/gene
therapy
Vascular Surgery

INSTITUTION AND LOCATION

DEGREE
(if applicable)

University of Pittsburgh
University of Pittsburgh

Post-doctoral

06/1997

University of Pittsburgh

Fellowship

06/2000

FIELD OF STUDY
Honors Biology

A.
Personal Statement
I have been involved in translational vascular biology research for over 20 years and have been funded for this
entire period. I have a long history of interest in vascular disease with a special emphasis intimal hyperplasia
and wound healing. As a vascular surgeon, these pathologic healing processes share common ground in that
inflammation is involved with both. It is because of our unique perspective acquired by the care of patients
with these problems that the role of vascular surgeon scientists in basic and translational research is
paramount to the future of vascular innovation. It is also important that we assess the care we provide our
patients ranging from optimal medical therapy for vascular disease to ideal patient selection for our
treatments and to proper follow up of patients who we have treated. I am interested in better understanding
why patients fail to follow up for their disease. This is particularly important in patients who undergo
endovascular repair for aortic aneurysms given the very real failure rate of this method of repair. I will serve
as a coinvestigator with Dr. Liang to investigate the reasons why patients do not follow up and develop an
intervention to improve vascular care and I am committed to supporting this study as a content expert,
advisor on study design, and as a mentor as needed.
B.

Positions and Honors

Positions and Employment

1995-2000
Research Assistant Professor, Department of Surgery, University of Pittsburgh,
Pittsburgh PA
2000-2007
Assistant Professor of Surgery, Division of Vascular Surgery, University of Pittsburgh
2003-Present Chief of Vascular Surgery, VAPHS, Pittsburgh PA
2007-2011
Associate Professor of Surgery, Division of Vascular Surgery, University of Pittsburgh
2011-Present Professor of Surgery with Tenure, Division of Vascular Surgery, University of Pittsburgh
2019-Present UPMC Chair and Professor of Surgery, University of Pittsburgh
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Other Experience and Professional Memberships

2002-04:
Program Committee – Association for Academic Surgery
2003-05:
Program Committee – Society for University Surgeons
2003:
Fellow of the American College of Surgeons
2004-08:
Editorial Board of Journal of Surgical Research
2004:
Fellow of the Society for Vascular Surgery
2004-2010: Scholarships Committee, American College of Surgeons
2005:
Distinguished Fellow of the Society for Vascular Surgery
2006:
Professional Member, American Heart Association
2006-2007:
Research and Education Committee, Society of Vascular Surgery
2007-2010: Research Council, Society of Vascular Surgery
2007-present: Grant review study section, American Heart Association
2010-2013: Society for University Surgeons, Membership Committee
2011-2016: VA Merit Review, Surgery Study Section
2011-2018: Scientific Forum Committee, American College of Surgeons
2013-present: American Surgical Association
2016-2017: Chair, Association for VA Surgeons Program Committee
2016-2018: Chair, Research and Education Committee, Society for Vascular Surgery
2016-2018: Vice-Chair, Scientific Forum Committee, American College of Surgeons
2018-present: Chair, Research Council, Society for Vascular Surgery
2018-present: Chair, Scientific Forum Committee, American College of Surgeons
2019-present: Treasurer, Association for VA Surgeons
Honors

1986:
1994-96:
1997:
2001-07:
2004:
2004:
2005, 2009:
2006:
2008:
2015
2016:
2020:

Summa cum Laude with Highest Distinction, Phi Beta Kappa Scholarship Award
National Research Service Award from the National Institutes of Health
Lifeline Foundation Resident Research Award
Samuel P. Harbison Endowed Assistant Professor of Surgery
Excellence in Teaching Award, Department of Surgery
Robert R. Linton Distinguished Lectureship
Richard L. Simmons Mentorship Award
Joan L. and Julius H. Jacobson II Promising Investigator Award
Plastic Surgery Surgical Educator Award
Clerkship Preceptor of the Year Award
Henry T. Bahnson MD Teacher of the Year Award in Vascular Surgery
Excellence in Teaching Award, Department of surgery

Membership on Federal Government Public Advisory Committees
2000:
Ad Hoc Reviewer, NIH Recombinant DNA Advisory Committee
2001:
Ad Hoc Reviewer, NIH NIDDK
2008-present: Reviewer/Chair, NIH NHLBI Special Emphasis Panel/Scientific Review Group
2011-present: Reviewer, VA Merit Review, Surgery Study Section
2013-present: Ad Hoc Reviewer, NIH NHLBI T32 Special Emphasis Panel and Loan Repayment Grants
2018-present: Oversight advisory committee, AHA Strategically Focused Research Network
2018-2022: Member, NIH NHLBI NITM Review Panel
C. Contributions to Science
1. As a vascular surgeon, my interests lie predominantly in translational research. We and others have
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demonstrated that NO is essential to vasoprotection and our in vitro studies demonstrated that NO can inhibit
smooth muscle proliferation but also stimulate endothelial proliferation. As a result, we prepared an adenoviral
vector carrying the human iNOS cDNA that allowed us to perform in vivo gene transfer to models of vascular
injury and demonstrated the ability to inhibit vascular injury induced intimal hyperplasia in rodents and in a pig
model. We also demonstrated this protection in the setting of immune mediated vascular injury such as
transplantation vasculopathy as well as in atherosclerosis and diabetes. This work culminated in NIH funding
to the develop iNOS gene therapy for human hemodialysis arteriovenous grafts that are plagued by severe
intimal hyperplasia.
a. Shears LL II, Kawaharada N, Tzeng E, Billiar TR, Watkins SC, Kovesdi I, Lizonova A, Pham SM.
Inducible nitric oxide synthase suppresses the development of allograft arteriosclerosis. J Clin Invest
1997; 100:2035-2042. PMID: 9329968
b. Shears LL, Kibbe MR, Murdock AD, Billiar TR, Lizonova A, Kovesdi I, Watkins SC, Tzeng E. Efficient
inhibition of intimal hyperplasia by adenovirus-mediated inducible nitric oxide synthase gene transfer to
rats and pigs in vivo. J Am Coll Surg 1998; 187:295-306. PMID: 9740187
c. Barbato JE, Zuckerbraun BS, Overhaus M, Raman KG, Tzeng E. Nitric oxide modulates vascular
inflammation and intimal hyperplasia in insulin-resistance and the metabolic syndrome. Am J Physiol.
2005; 289:H228-36. PMID: 15734883
d. Raman KG, Gandley RE, Rohland J, Zenati MS, Tzeng E. Early hypercholesterolemia contributes to
vasomotor dysfunction and injury associated atherogenesis that can be inhibited by nitric oxide. J Vasc
Surg. 2011; 53:754-63. PMID: 21163611 PMCID: PMC3052950

2. Carbon monoxide (CO), has very similar properties to NO and is potently anti-inflammatory. We, in
collaboration with other laboratories, were the first to demonstrate that a brief exposure to inhaled CO was
sufficient to dramatically reduce balloon injury induced intimal hyperplasia in rats and in models of
transplantation vasculopathy. My laboratory performed the vascular injury model studies and went onto
show that inhaled CO was similarly effective in a porcine model of vascular injury. Most importantly, inhaled
CO therapy was nontoxic nature at the therapeutic dose and had a great potential for translation. We have
also shown that inhaled CO can also mediate regression of established neointimal lesions. Our ongoing work
in this area is focused on in vivo effects of inhaled CO, showing that monocyte/macrophages mediate the
protective actions of CO and this may be through centrally regulated pathways which are unique findings.
a. Otterbein LE, Zuckerbraun BS, Haga M, Liu F, Song R, Usheva A, Stachulak C, Bodyak N, Smith RN,
Csizmadia E, Tyagi S, Akamatsu Y, Flavell RJ, Billiar TR, Tzeng E, Bach FH, Choi AM, Soares MP. Carbon
monoxide suppresses arteriosclerotic lesions associated with chronic graft rejection and with balloon
injury. Nat Med 2003; 9:183-190. PMID: 12539038
b. Raman KG, Barbato JE, Ifedigbo E, Ozanich BS, Zenati MS, Otterbein LE, Tzeng E. Inhaled carbon
monoxide inhibits intimal hyperplasia and provides added benefit with nitric oxide. J Vasc Surg. 2006;
44:151-158. PMID: 16828440
c. Madigan M, Entabi F, Zuckerbraun B, Loughran P, Tzeng E. Delayed inhaled carbon monoxide mediates
the regression of established neointimal lesions. J Vasc Surg. 2015; 61:1026-33. doi:
10.1016/j.jvs.2013.11.072. PMID: 24418641; PMCID: PMC4092189.
d. Leake A, Salem K, Madigan MC, Lee GR, Shukla A, Hong G, Zuckerbraun BS, Tzeng E. Systemic
vasoprotection by inhaled carbon monoxide is mediated through prolonged alterations in
monocyte/macrophage function. Nitric Oxide. 2020; 94:36-47. Doi: 10.1016/j.niox.2019.10.003. Epub
2019 Oct 5. PMID: 31593762 PMCID: PMC6923131
3.
As I also care for patients with nonhealing wounds, I have developed an interest in the role of these
same agents in wound healing. Nitric oxide (NO) has been shown to be deficient in diabetic patients and
contribute to poor wound healing. We have investigated the role of xanthine oxidoreductase (XOR) in
producing NO from the stable end-product nitrite and have shown that it can block intimal hyperplasia. We
have identified that XOR is also expressed and is required for normal wound healing. The role of XOR in
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diabetic wound healing is a focus of our investigations but XOR can be manipulated to produce NO at the
expense of ROS with the simple administration of nitrite.
a. Yamasaki K, Edington HDJ, McClosky C, Tzeng E, Lizonova A, Kovesdi I, Steed DL, Billiar TR.
Reversal of impaired wound repair in iNOS-deficient mice by topical adenoviral-mediated iNOS gene
transfer. J Clin Invest 1998; 101:967-971. PMID: 9486966
b. Alef MJ, Vallabhaneni R, Carchman E, Morris SM Jr, Shiva S, Wang Y, Kelley EE, Tarpey MM, Galdwin
MT, Tzeng E, Zuckerbraun BS (co-senior author). Nitrite-generated NO circumvents dysregulated
arginine/NOS signaling to protect against intimal hyperplasia in Sprague-Dawley rats. J Clin Invest.
2011; 121:1646-56. PMID: 21435858
c. Powell RJ, Comerota AJ, Berceli SA, Guzman R, Henry TD, Tzeng E, Valezquez O, Marston W, Bartel
RL, Longcore A, Stern T, Watling S. Interim analysis results from the RESTORE-CLI, a randomized,
double-blind multicenter phase II trial comparing expanded autologous bone marrow-derived tissue
repair cells and placebo in patients with critical limb ischemia. J Vasc Surg. 2011; 54:1032-41. PMID:
21684715
d. Madigan MC, McEnaney RM, Shukla AJ, Hong G, Kelley E, Tarpey MM, Gladwin M, Zuckerbraun BS,
Tzeng E. Xanthine oxidoreductase contributes to normal wound healing. Molecular Med. 2015;
21:313-22. doi: 10.2119/molmed.2014.00191. PMID: 2587927; PMCID: PMC4503647

4. A goal of my research is to translate our laboratory findings into clinical therapy. Along these lines, I have
collaborated with a number of nonphysician investigators to provide clinical input on the needs that still exist
in the care of patients with vascular disease. One persistent issue is the availability of conduit for
cardiovascular repairs. While I have participated in the development and testing of bioengineered vascular
grafts, the clinical application of such grafts is still unrealized. More realistically, the modification of prosthetic
grafts to reduce thrombogenicity and biofouling has a greater appeal and much more practical for translation.
I have been working in close collaboration with Drs. Pocivavsek and Velankar to examine the role of vascular
luminal topography, specifically the dynamic wrinkling and unwrinkling of blood contact surfaces, in
preventing platelet adhesion and in surface renewal. We hypothesize that this “actuation” of the arterial
lumen plays an important role in preventing platelet adhesion or shedding thrombus. We have constructed
grafts that incorporate a wrinkled surface that can flatten cyclically. Through physical experiments as well as
through modeling, we have shown that this dynamic surface topography is more resistant to platelet
adhesion.
a. PTC International Application PCT/US2017/057111; Filed 10/18/2017
“Tuning adhesion at contacting device interfaces: Geometric tools for minimizing surface fouling.”
Inventors: WR Wagner, SS Velankar, SH Ye, E Tzeng, L Pocivavsek, E Cerda.

b. Pocivavsek L, Pugar J, O’Dea R, Ye S-H, Wagner W, Tzeng E, Velankar S, Cerda E. Topography driven
surface renewal. Nature Physics. 2018; 14:948-53.
c. Pocivavsek L, Ye SH, Pugar J, Tzeng E, Cerda E, Velankar S, Wagner WR. Active wrinkles to drive selfcleaning: A strategy for anti-thrombotic surfaces for vascular grafts. Biomaterials. 2018; 192:226-34.
Doi: 10.1016/j.biomaterials.2018.11.005. [Epub ahead of print] PMID: 3048358
d. Nath NN, Pocivavsek L, Pugar JA, Gao Y, Salem K, Pitre N, McEnaney R, Velankar S, Tzeng E. Dynamic
luminal topography: A potential strategy to prevent vascular graft thrombosis. Front Bioeng
Biotechnol. 2020 Aug 31; 8:573400. Doi:10.3389/fbioe.2020.573400. eCollection 2020. PMID 32984298
PMCID: PMC7487362
5.
I have also been heavily involved in the conduct of clinical trials that evaluate novel therapies for
critical limb ischemia, aortic aneurysm repair, and carotid disease. Through these clinical trials and clinical
studies, we can assess the benefit of current treatments as well as advance translational therapies.

a. Reitz KM, Marroquin OC, Zenati MS, Kennedy J, Korytkowski M, Tzeng E, Koscum S, Newhouse D,
Garcia RM, Vates J, Billiar TR, Zuckebraun BS, Simmons RL, Shapiro S, Seymour CW, Angus DC,
Rosengart MR, Neal MD. Association between preoperative metformin prescription and postoperative
outcomes in diabetic adults undergoing major surgery. JAMA Surg. 2020 Apr 8:3200416: doi:
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10.1001/jamasurg.2020.0416. [Epub ahead of print]. PMID: 32267474 PMCID: PMC7142798.
b. Lederle FA, Freischlag MA, Kyriakides TC, Matsumura JS, Padberg FT, Kohler TR, Kougias P, JeanClaude JM, Cikrit DF, Swanson KM, for the OVER Veterans Affairs Cooperative Study Group. Longterm comparison of endovascular and open repair of abdominal aortic aneurysm. N Engl J Med. 2012;
367:1988-97.
c. Powell RJ, Comerota AJ, Berceli SA, Guzman R, Henry TD, Tzeng E, Velazquez O, Marston WA,
Bartel RL, Longcore A, Stern T, Watling S. Interim analysis results from the RESTORE-CLI, a
randomized, double-blind multicenter Phase II trial comparing expanded autologous bone marrowderived tissue repair cells and placebo in patients with critical limb ischemia. J Vasc Surg. 2011;
54:1032-41.
d. Nguyen LL, Moneta GL, Conte MS, Bandyk DF, Clowes AW, Seely BL, PREVENT III Investigators.
Prospective multicenter study of quality of life before and after lower extremity vein bypass in 1404
patients with critical limb ischemia. J Vasc Surg. 2006; 44:977-83.

Complete list of published work is available in MyBibliography:
https://pubmed.ncbi.nlm.nih.gov/collections/53176777/?sort=pubdate
D.

Additional Information: Research Support and/or Scholastic Performance

Ongoing Research Support
VA Merit I01 CX002150
Tzeng (PI)
7/01/2021 – 6/30/2025
Metformin Benefits Lower Extremities with Intermittent Claudication (MOBILE IC) Trial
Randomized, placebo controlled clinical trial testing effect of metformin on intermittent claudication in nondiabetic
patients.
Collaborative Patient Centered Research Award
Tzeng (PI)
7/01/2020 – 6/30/2023
Identification of Biomarkers of Aortic Aneurysm Growth and Healing Following EVAR

Patient exosomes and biomarkers will be studied for their inflammatory signaling in aortic aneurysm healing.
NIH R56 HL142743-01
Tzeng (PI)
9/2018-8/2021 (NCE)
Engineering Biologic Topography into Vascular Grafts
The goal of this study is to develop a novel vascular graft that mimicked arterial mechanical properties.
NIH R01 HL152023-01
Kim (PI)
6/15/2020 – 5/31/2024 Prevent Unnecessary Carotid Intervention and Stroke using
Noninvasive Transcutaneous Ultrasound Thermal Strain Imaging (US-TSI).
Role: Co-investigator
NIH R61/R33 HL154102-01
Vorp (PI)
8/15/2020 – 7/31/2023
Preclinical optimization & design for manufacturability of immunoregulatory tissue engineered vascular grafts.
Role: Co-investigator
NSF1824708
Velankar (PI)
10/2018-9/2021
The dynamic topography of the blood-contact surface of arteries.
This examines the topography and mechanical properties of arteries and impact on blood contact.
Role: CoPI
VA Merit I01CX001466
Tzeng (PI)
10/2016 – 9-2021
Xanthine oxidoreductase in impaired diabetic wound healing.
This study evaluates xanthine oxidoreductase and nitrite to enhance diabetic wound healing.
Role: PI
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T32 HL098036

Tzeng (PI)
7/2010 – 6/2025
Vascular Surgery Research Training (VascTrain) Grant
This training grant supports vascular surgery trainees and basic scientists in cardiovascular research.
Role: Program Director
U01 NS080168-03
Brott (National PI)
2018 – current
CREST II: Carotid Revascularization and Medical Management for Asymptomatic Carotid Stenosis Trial.
This multicenter, prospective randomized trial compares CEA versus best medical management for
asymptomatic extracranial carotid occlusive disease.
Role: Site PI
CLN-PRO-V007

Humacyte, Inc

2018 – current
A Phase 3 study to compare the efficacy and safety of Humacyte’s human acellular vessel with that of an
autologous arteriovenous fistula in subjects with end-stage renal disease.
Role: Site PI
VA CSP599: TOP Study
Kougias (National PI)
2019 – current
Transfusion Trigger after Operations in High Cardiac Risk Patients. This is a clinical trial evaluating the benefit
of early transfusion in patients with high cardiac risk undergoing surgery.
Role: Site PI
Completed Research Support (past 3 years)
MarrowStim PAD Clinical Study
Murphy (National PI)
2013 - 2019
Safety and efficacy study of autologous concentrated bone marrow aspirate (cBMA) for critical limb ischemia.
Proteon PRT-201-310

2014 – 2019
Multicenter, double blind, placebo-controlled study of PRT-201 administered immediately after radiocephalic
arteriovenous fistula creation in patients with chronic kidney disease.
Center for Medical Innovation, Univ. of Pittsburgh Velankar (PI)
1/2015 – 12/2017
TopoGraft 2.0: Antiplatelet surfaces for bypass grafts and artificial hearts using topographic surface actuation.
Univ. of Pittsburgh Chancellors Innovation Fund
Velankar (PI)
– 6/2018
Aruga: A technology platform for antifouling solutions.
This funding supports commercialization of antifouling technology based on dynamic topography.
Role: coPI

7/2017
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NAME: Deepika Mohan
eRA COMMONS USER NAME (credential, e.g., agency login): MOHAND
POSITION TITLE: Associate Professor – Department of Critical Care Medicine and Surgery
EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing,
include postdoctoral training and residency training if applicable. Add/delete rows as necessary.)
DEGREE
(if
applicable)

Completion
Date
MM/YYYY

Princeton University, Princeton, NJ

BA

1997

Emory University, Atlanta, GA

MD

2001

INSTITUTION AND LOCATION

Emory University, Atlanta, GA
Columbia University, New York City, NY

2001-2002
MPH

2003

Emory University, Atlanta, GA

2003-2007

University of Pittsburgh, Pittsburgh, PA

2007-2008

FIELD OF STUDY
Religion and Political
Theory
Medicine
Internship, General
Surgery
Public Health
Residency, General
Surgery
Fellowship, Surgical
Critical Care

A. Personal Statement
I am a trauma surgeon, intensivist, and health services researcher who studies how doctors think. My goal is to
improve the quality of care provided to patients with critical illness by understanding decisions that occur under
conditions of time-pressure and uncertainty. The objective of this application is to explore the barriers and
facilitators to postoperative follow-up and use this information to select a behavior change intervention to
improve follow-up adherence. Results from this study will used to develop the intervention first as a pilot trial in
aneurysmal disease, and later to launch as a multi-center intervention for improving postoperative follow-up
across surgical specialties.
Through a mentored research career development award, I gained experience in using different quantitative
and qualitative methods to study variation in trauma triage (e.g. secondary analysis of administrative data,
survey instruments, simulation, semi-structured interviews). It led to some of the first empirical evidence that
heuristics (intuitive judgments) play a role in variation in trauma triage. Work from that award also allowed me
to compete successfully for a DP2 grant from the NIH’s Office of the Director to develop a novel intervention to
recalibrate physician heuristics in trauma triage. This grant is awarded each year to 30 early stage
investigators who propose “high risk/high reward” research programs. As part of that award, we developed two
novel video game interventions and tested both in randomized clinical trials. We found the interventions
improved physician heuristics on a validated virtual simulation, and reduced under-triage in practice.
I am well-positioned to serve as co-investigator on this study for three reasons. First, my clinical experience as
a surgeon and intensivist have provided first-hand experience with the importance of follow-up after complex
surgery. Second, I have familiarity with the behavioral science and implementation science methods necessary
to complete this project. Third, I have conducted empirical research on physician decision making for ten
years, and have developed expertise in navigating the many barriers to research with physician subjects. My
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major contributions to science, described in Section C in greater detail, are directly relevant to the aims and
activities of the current proposal.
A1.
A2.
A3.
A4.

Mohan D, Farris C, Angus DC, Fischhoff B, Rosengart MR, Yealy DM, Ricketts D, and Barnato AE.
Assessing the validity of using serious game technology to analyze physician decision making. PLoS
One. 2014; 9:e105445
Mohan D, Schell J, and Angus DC. Not thinking clearly? Play a game, seriously! JAMA. 2016;
316(8):1-3.
Mohan D, Farris C, Fischhoff B, Rosengart MR, Angus DC, Yealy DM, Wallace DJ, and Barnato AE.
Efficacy of educational video game versus traditional educational apps at improving physician
decision making in trauma triage: a randomized clinical trial. BMJ. 2017. 359:j5416
Mohan D, Fischhoff B, Angus DC, Rosengart MR, Wallace DJ, Yealy DM, Farris C, Chang CC,
Kertis S, Barnato AE. Using serious video games to improve physicians’ heuristics in trauma triage:
a randomized clinical trial. PNAS. 2018. 115(37): 9204-9209.

B. Positions and Honors
Positions and Employment
2008–2009
Visiting Instructor, Department of Critical Care Medicine, University of Pittsburgh School
of
Medicine
2009–2017
Assistant Professor, Department of Critical Care Medicine, University of
Pittsburgh School of Medicine
2009–2017
Assistant Professor, Department of Surgery, University of Pittsburgh School of Medicine
2017–Present
Associate Professor, Department of Critical Care Medicine, University of
Pittsburgh School of Medicine
2017–Present
Associate Professor, Department of Surgery, University of Pittsburgh School of Medicine
Other Experience and Professional Memberships
1998
Research Assistant, Department of Pediatrics, St. Mary’s Hospital, Imperial College of
Medicine, London, UK
2006–2008
American College of Surgery
2008–Present
Society of Critical Care medicine
2007–Present
American College of Surgery
2015–Present
Medecins Sans Frontiers (Doctors Without Borders)
2017
Study Section Member; SBIR/STTR study section "Small Business: Education,
Training, and
School-Based Health;" Center for Scientific Review; National
Institutes of health
2020
Mail reviewer; NIH's Office of the Director Early Independence Award Program;
Center for
Scientific Review; National Institutes of Health
2021
Study Section Member; Science of Implementation of Health and Healthcare
study section;
Center for Scientific Review; National Institutes of Health
Honors
2000
2001
2008
2013
2014
Conference

Alpha Omega Alpha Society
Evangeline Papageorge Award for service to medical school class
Fellow of the year – Multidisciplinary Critical Care Program
Fellow of the American College of Surgeons
Selected to participate in the AAMC Women’s Early Career Development
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2015
2016
2018
Create

Rampart – virtual simulation developed as part of K23 – selected for Bronze medal at the
2015 International Serious Play Conference
Selected to present at Medical Education Innovation Day, University of Pittsburgh
Night Shift selected as a top gaming and education project of the year at 2018
Pittsburgh

C. Contributions to Science
1. Understanding variation in trauma triage. Each year, 50 million Americans experience a traumatic injury; 2
million require hospitalization; 500,000 have severe injuries, and 181,000 die of their injuries. Severely
injured patients treated at trauma centers have better outcomes than patients treated at non-trauma
centers. Yet, only about 50% of severely injured patients receive their care at trauma centers (undertriage). Researchers and policy makers describe continued under-triage as a problem of system-level
constraints (e.g. poorly developed emergency medical services necessary to transport patients). During
work done as part of my mentored career development award, my research team and I demonstrated that
physicians contribute to the problem of under-triage (a). Existing educational and outreach efforts do not
effectively address all of the reasons physicians fail to comply with clinical practice guidelines (b, c).
Finally, we have quantified the scope of the impact that under-triage has on patients (d).
a. Mohan D, Wallace DJ, Kerti SJ, Angus DC, Rosengart MR, Barnato AE, Yealy DM, Fischhoff B, Chang
C, Kahn JM. Association of practitioner interfacility triage performance with outcomes for severely
injured patients with fee-for-service Medicare insurance. JAMA Surg. 2019. Oct 23: e193944
b. Mohan D, Rosengart MR, Farris CF, Angus DC and Barnato AE. Are American College of Surgeons
Guidelines for the Transfer of Trauma Patients Feasible? Arch Surg. 2011; 146: 786-792
c. Mohan D, Barnato AE, Rosengart MRR, Farris C, Yealy DM, Switzer GE, Fischhoff B, Saul M, Angus
DC. Trauma triage in the Emergency Departments of non-trauma centers: an analysis of individual
physician case-load on triage patterns. J Trauma. 2013; 74(6): 1541-7.
d. Mohan D, Barnato AE, Rosengart MR, Angus DC, Wallace DJ, Kahn JK. Triage patterns of patients
with moderate-to-severe injuries presenting to non-trauma centers. Ann Surg. 2015. 261(2): 383-9.
2. Understanding variation in end-of-life care for older adults. One in five deaths in the United States occur in
or shortly after a stay in the ICU. Significant differences exist in the number of deaths preceded by the
withdrawal of life-sustaining treatments. Decisions to initiate aggressive treatment at the end-of-life depend
on a number of variables. Clinical uncertainty can make prognostication challenging. Patients may have
unstable preferences about the care they want to receive. Institutional resources may constrain treatment
choices. However, variability in life-sustaining therapy at the end-of-life persists even after adjusting for
patient and institutional factors. Together our group has studied variation in physician decision making (a,
b), the importance of hospital norms (c), and established a new standard for advance care planning
conversations in the hospital (d).
a. Haliko S, Downs J, Mohan D, Arnold R, Barnato AE. Hospital-Based Physicians' Intubation
Decisions and Associated Mental Models when Managing a Critically and Terminally Ill Older
Patient. Med Decis Making. 2018 Apr;38(3):344-354.
b. Lu A, Mohan D, Alexander SC, Mescher C, Barnato AE. The Language of End-of-Life Decision
Making: A Simulation Study. J Palliat Med. 2015 Sep;18(9):740-6.
c. Barnato AE, Mohan D, Lane RK, Huang YM, Angus DC, Farris C, Arnold RM. Advance care
planning norms may contribute to hospital variation in end-of-life ICU use: a simulation study. Med
Decis Making. 2014 May;34(4):473-84.
d. Mohan D, Sacks OA, O'Malley J, Rudolph M, Bynum J, Murphy M, Barnato AE. A New Standard
for Advance Care Planning (ACP) Conversations in the Hospital: Results from a Delphi Panel. J
Gen Intern Med. 2020 Aug 20; epub ahead of print.
3. Methods of measuring determinants of physician decision making. One of my early observations was that
physicians did not use rational principles (axioms of probability) to make triage decisions for trauma
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patients. For example, a young male patient with a gun shot wound had a far higher probability of receiving
treatment at a trauma center than an old male patient with rib fractures after a fall, even though the elderly
patient had a greater likelihood of dying from his injuries. However, little empirical evidence exists about the
influence of heuristics on physician decision making in practice. Two problems produce this gap in the
science. First, most cognitive processes occur unconsciously. When asked to explain their decision
making, people will confabulate, or make erroneous attributions. Second, existing experimental methods
lack sufficient precision to detect the cognitive processes of individual physicians. Together our group
demonstrated the limitations of the existing best practice method (i.e. paper vignettes) to study physician
performance (a). We then developed a mixed-methods approach including: signal detection theory analysis
(b), and qualitative analysis of semi-structured interviews (c). We have learned important lessons about
how to recruit physicians into behavioral trials (d), and have published some of the first empirical evidence
that heuristics play an important role in physician decision making in trauma and at the end-of-life.
a. Mohan D, Fischhoff B, Farris C, Switzer GE, Rosengart MR, Yealy DM, Saul M, Angus DC, Barnato
AE. Validating a vignette-based instrument to study physician decision making in trauma triage. Med
Decis Making. 2014; 34(2): 242-252.
b. Mohan D, Rosengart MR, Farris C, Fischhoff B, Angus DC, and Barnato AE. Sources of noncompliance with clinical practice guidelines in trauma triage: a decision science study. Implement Sci.
2012; 7(1): 103.
c. Kulkarni SS, Briggs A, Sacks OA, Rosengart MR, White DB, Barnato AE, Peitzman AB, and Mohan D.
Inner deliberations of surgeons treating critically-ill emergency general surgery patients: a qualitative
analysis. Ann Surg. 2019 Nov 8 (epub ahead of print).
d. Mohan D, Rosengart MR, Fischhoff B, Angus DC, Wallace DJ, Farris C, Yealy DM, Barnato AE. Using
incentives to recruit physicians into behavioral trials: lessons learned from four studies. BMC Res
Notes. 2017; 10:776
4. Developing serious games to study and modify physician decision making. Over the last decade, serious
games have gained traction as a method of influencing health outcomes. However, fewer than 10% of
serious games target clinicians and none explicitly attempt to recalibrate heuristics. Our team has written
about the potential impact games could have on continuing medical education and quality improvement (a),
and developed two video games (Night Shift and Shift: The Next Generation) to recalibrate heuristics (b,c).
We most recently have developed a new video game (Hopewell Hospitalist) to change physicians’
threshold for engaging in advance care planning with hospitalized elders (d).
a. McGrath J, Taekman J, Parvati D, Danforth D, Mohan D, Kman N, Crichlow A, Bond W. Using virtual
reality simulation environments to assess competence for emergency medicine learners. Academic
Emergency Medicine. 2018. 25: 186-195.
b. University of Pittsburgh (2016). Night Shift (Version 1.0.1) [Mobile application software]. Retrieved from
https: //appsto.re/us/Zj67eb.i
c. University of Pittsburgh (2017). Shift: The Next Generation (Version 1.0.1) [Mobile application
software]. Retrived from: https://itunes.apple.com/us/app/shift-the-next-generation/id1263224821?mt=8
d. University of Pittsburgh and Dartmouth College (2019). Hopewell Hospitalist (Version 1.0.1) [Mobile
application software]. Retrieved from: https://apps.apple.com/sg/app/hopewellhospitalist/id1477571423.
Complete List of Published Work:
https://www.ncbi.nlm.nih.gov/myncbi/10yvdxdfyQXQl/bibliography/public/
D. Research Support
Ongoing Research Support
R21 AG072072
Mohan (PI)
4/1/2021–3/30/2023
Development and feasibility testing of a novel intervention to implement trauma triage guidelines
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The objective of this R21 proposal is to test the feasibility of using deliberate practice – goal-oriented training
in the presence of a coach who can provide personalized, immediate feedback – to increase engagement
with a video game intervention. We plan to assess the fidelity of intervention delivery, assess the potential
effect size, and assess the acceptability of the intervention.
Role: Principal Investigator
P01 AG019783
Skinner (PI)
5/1/2018–2/27/2023
Causes and consequences of healthcare efficiency
Project 5: Physician cognition, inpatient advance-care planning, and outcomes for seriously ill older
adults.
The objective of this research program is to identify efficiency and inefficiency in US health care. We will use
a combination of observational and experimental (randomized-trial) research in 250 community hospitals
across the US to improve the quality of inpatient physician decision making for seriously ill older adults.
Role: co-investigator
Completed Research Support (during the past 3 years)
RAND
Mohan (co-PI)
7/1/2017–6/30/2018
Testing the duration of the treatment effect of a video game intervention to recalibrate physician
heuristics in trauma triage
The objective of this research program is assess the duration of the treatment effect of a video game
intervention on physician behavior. We will assess physician performance on a validated virtual simulation
six months after exposure to the intervention.
Role: co-Principal Investigator
R01 NR014663-05S1
White (PI)
9/1/2018-8/31/2019
Improving clinicians’ serious illness communication skills for patients with advanced Alzheimer’s
Disease or related dementias who develop acute life-threatening illness.
The objective of this research program is to translate an existing intervention to improve clinicians’
communication skills with patients with acute life-threatening illness onto a web-based platform.
Role: co-investigator
DP2 LM012339-01
Mohan (PI)
10/1/2015–9/30/2020
Developing a novel intervention to make physician heuristics a source of power
The objective of this research program is to evaluate the effect of recalibrating physician heuristics in trauma
triage. We will compare the effectiveness of a serious game tool to recalibrate heuristics with the existing
standard of practice (education, opinion outreach).
Role: Principal Investigator
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BIOGRAPHICAL SKETCH
Provide the following information for the Senior/key personnel and other significant contributors.
Follow this format for each person. DO NOT EXCEED FIVE PAGES.

NAME: Rak, Kimberly
eRA COMMONS USER NAME (credential, e.g., agency login): rakkim
POSITION TITLE: Medical Anthropologist

EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing,
include postdoctoral training and residency training if applicable. Add/delete rows as necessary.)
INSTITUTION AND LOCATION

DEGREE END DATE
FIELD OF STUDY
(if applicable) MM/YYYY
Syracuse University, Syracuse, NY
BS
06/1994 Aerospace Engineering
University of Colorado, Denver, CO
MA
06/2003 Medical Anthropology
University of Pittsburgh, Pittsburgh, PA
MPH
05/2013 Behavioral and Community Health Sciences
University of Pittsburgh, Pittsburgh, PA
PHD
05/2013 Medical Anthropology
University of California San Francisco, San Francisco, CA Other training 06/2019 Certificate in Implementation Science

A. Personal Statement
I am a Medical Anthropologist and lead the Qualitative and Mixed Methods Research Core in the Department
of Critical Care Medicine at the University of Pittsburgh. Additionally, I have an MPH in Behavioral and
Community Health Sciences and completed a certificate in Implementation Science. Our qualitative team
focuses on health services research with current projects utilizing mixed methods approaches to identify
implementation processes and mechanisms of action that influence intervention(s) effectiveness. The
projects’ collective aim is quality improvement and the use of Implementation Science to foster evidencebased practice at the bedside. I have led two R01 funded focused ethnographic studies that visited hospitals
across the US to determine contributors to effectiveness for ICU telemedicine programs and long-term acute
care hospitals providing care to patients receiving prolonged mechanical ventilation (1, 2). Ongoing work
includes a mixed-methods process evaluation of novel interprofessional educational strategies for critical care
providers and an ethnographic study of how hospitals implemented New York State sepsis regulations.
Through the combined involvement across these studies, I have extensive experience designing, conducting,
and analyzing qualitative research using observations, interviews, focus groups, and job shadows (1-3). My
prior experience and training make me well-positioned to contribute to this proposal. I have successfully used
all methods we propose to understand patient-, provider-, and system-level barriers and facilitators to
recommended follow-up care after EVAR. I look forward to collaborating with Dr. Phillips, Dr. Liang, Dr. Tzeng,
and Dr. Mohan on this project (4).
4. Rak KJ, Ashcraft LE, Kuza CC, et al. Effective Care Practices in Patients Receiving Prolonged
Mechanical Ventilation. An Ethnographic Study. Am J Respir Crit Care Med. 2020;201(7):823-831.
5. Kahn JM, Rak KJ, Kuza CC, Ashcraft LE, Barnato AE, Fleck JC, Hershey TB, Hravnak M, Angus DC.
Determinants of Intensive Care Unit Telemedicine Effectiveness. An Ethnographic Study. Am J Respir
Crit Care Med. 2019 Apr 15;199(8):970-979. PubMed PMID: 30352168; PubMed Central PMCID:
PMC6467312.
6. Hallam BD, Kuza CC, Rak KJ, Fleck JC, Heuston MM, Saha D, Kahn JM. Perceptions of rounding
checklists in the intensive care unit: a qualitative study. BMJ Qual Saf. 2018 Oct;27(10):836-843.
PubMed PMID: 29572299.
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7. Seaman J, Arnold R, Rak K, et al. Barriers and Facilitators to the Conduct of Timely Interdisciplinary
Family Meetings in the ICU: Perspectives from a Diverse Sample of ICU Clinicians (FR441C). Journal
of Pain and Symptom Management. 2017; 53:370-371.

B. Positions and Honors
Positions and Employment
2014 –

Medical Anthropologist, University of Pittsburgh, Critical Care Medicine, Pittsburgh, PA

Other Experience and Professional Memberships
Honors
C. Contribution to Science
5. Qualitative and Mixed-Methods Health Services Research

My work seeks to expand how qualitative methods can contribute to an understanding of health care
organization and delivery, and work as a complement to quantitative approaches. I have led qualitative
aims in mixed methods research that is conducted in parallel with quantitative aims as well as integrated
in exploratory and explanatory sequential designs. Relatedly, my work seeks to more broadly integrate
qualitative approaches in formative, process/implementation, and outcomes evaluations.
a. Rak KJ, Ashcraft LE, Kuza CC, et al. Effective Care Practices in Patients Receiving Prolonged
Mechanical Ventilation. An Ethnographic Study. Am J Respir Crit Care Med. 2020;201(7):823-831.
b. Kahn JM, Rak KJ, Kuza CC, Ashcraft LE, Barnato AE, Fleck JC, Hershey TB, Hravnak M, Angus DC.
Determinants of Intensive Care Unit Telemedicine Effectiveness. An Ethnographic Study. Am J Respir
Crit Care Med. 2019 Apr 15;199(8):970-979. PubMed PMID: 30352168; PubMed Central PMCID:
PMC6467312.
c. Resick JM, Arnold RM, Sudore R, Farrell D, Belin S, Althouse A, Park SY, Ferrell B, Hammes BJ, Chu
E, White DB, Rak KJ, Schenker Y. Patient-centered and efficacious advance care planning in cancer:
protocol and key design considerations for the PEACe-compare trial. Contemp Clin Trials. 2020
Sept;96. https://doi.org/10.1016/j.cct.2020.106071
d. Morrison PK, Macia L, Hamm ME, McCarthy R, Rak KJ. Bridging the Gap Between Anthropology and
Health Services Research. Practicing Anthropology. 2016; 38(2).
6. Implementation Science

Quality improvement initiatives and adoption/de-adoption of care practices requires aspects of
organizational and individual behavior change, and has implications for policy; and therefore, necessitates
a grounding in Implementation Science. Our study of contributors to ICU telemedicine effectiveness
identified aspects at the organizational and provider level that acted as barriers and facilitators to
successful adoption and sustainability of use. Currently, we are conducting a feasibility study to test novel
ways to provide interprofessional education to ICU teams with a specific focus on using a formative
qualitative evaluation to understand barriers and facilitators to the use of the practice of interest as well
as to inform the content and delivery of the education. This project also includes a mixed-methods
implementation and outcomes evaluation.
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e. Curtis BR, Rak KJ, Richardson A, Linstrum K, Kahn JM, Girard TD. Perceptions of Hyperoxemia and
Conservative Oxygen Therapy in the Management of Acute Respiratory Failure. Ann Am Thorac Soc.
2020 Dec 17. https://doi.org/10.1513/AnnalsATS.202007-802OC
f. Kahn JM, Rak KJ, Kuza CC, Ashcraft LE, Barnato AE, Fleck JC, Hershey TB, Hravnak M, Angus DC.
Determinants of Intensive Care Unit Telemedicine Effectiveness. An Ethnographic Study. Am J Respir
Crit Care Med. 2019 Apr 15;199(8):970-979. PubMed PMID: 30352168; PubMed Central PMCID:
PMC6467312.
g. Hallam BD, Kuza CC, Rak K, Fleck JC, Heuston MM, Saha D, Kahn JM. Perceptions of rounding
checklists in the intensive care unit: a qualitative study. BMJ Qual Saf. 2018 Oct;27(10):836-843.
PubMed PMID: 29572299.
h. Barbash IJ, Rak KJ, Kuza CC, Kahn JM. Hospital Perceptions of Medicare's Sepsis Quality Reporting
Initiative. J Hosp Med. 2017 Dec;12(12):963-968. PubMed PMID: 29236094; PubMed Central PMCID:
PMC5830093.
7. Interprofessional Care

Health care delivery within intensive care units requires that different professions of the care team work
together to achieve shared goals. To better understand the complexities of interprofessional care, I spent
six months conducting an ethnography of an ICU team using observations, job shadows, and interviews to
understand facets of team behaviors and their impact using the PROC framework (processual, relational,
organizational, and contextual factors). An ongoing study uses a parallel mixed-methods design to
understand how constructs from Organizational Theory and Behavior (e.g. psychological safety, shared
mental models) impact ICU interprofessional team dynamics, the delivery of evidence-based care, and
patient outcomes.
e. Diabes MA, Ervin JN, Davis BS, Rak KJ, Cohen TR, Weingart LR, Kahn JM. Psychological safety in
Intensive Care Unit Rounding Teams. Ann Am Thorac Soc. 2020 Dec 24. doi:
10.1513/AnnalsATS.202006-753OC. Epub ahead of print. PMID: 33357035.
f.

Alexanian JA, Kitto S, Rak KJ, Reeves S. Beyond the Team: Understanding Interprofessional Work in
Two North American ICUs. Crit Care Med. 2015 Sep;43(9):1880-6. PubMed PMID: 26102250.

D. Additional Information: Research Support and/or Scholastic Performance
Ongoing Research Support
PCORI
Ahuja (PI)
12/01/2020 – 05/31/2023
ACCOMPLISH: Comparative Effectiveness of Readmission Reduction Interventions for Individuals with Sepsis or
Pneumonia
This comparative effectiveness study seeks new information about which care models maximize at-home days
and minimize hospital readmissions among sepsis and pneumonia patients recently discharged from the
hospital.
Role: Scientist
K24HK148314
White (PI)
09/01/2020 – 06/30/2024
Mentored Patient Oriented Research in Improving Surrogate Decision Making for Patients with Advanced
Respiratory Failure. Fostering more effective ICU team functioning in the provision of coordinated decision
support to surrogate decision makers.
Role: Scientist
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R01CA244189
Sabik (PI)
08/01/2020 – 04/30/2025
PRISM: Pennsylvania Rural Health Model -Impact on Cancer Surgery and OutcoMes
The study goals are to better understand community health needs in rural Pennsylvania and the impacts of the
PA Rural Health Model (PARHM) on cancer treatment.
Role: Scientist
R35HL14804
Kahn (PI)
12/01/2018 – 11/30/2025
Organizational strategies for improving evidence-uptake in intensive care
The overall goal of our research program is to address this issue by defining the relationship between ICU
organizational behavior and evidence-uptake in critical care.
Role: Scientist
R01CA235730
Schenker (PI)
03/01/2019 – 02/29/2024
Patient-centered and efficacious advance care planning in cancer: the PEACe comparative effectiveness trial
The proposed project addresses a major public health problem that arises in the care of patients with
incurable malignancies: failure to deliver end-of-life (EOL) care consistent with patients’ needs, values and
preferences.
Role: Scientist
R01HS025146
Kahn (PI)
09/01/2017 – 06/30/2021
The effects of state sepsis mandates on hospital mortality, health care utilization, and costs
The overall goal of this proposal is to systematically evaluate the clinical and financial impact of the New York
state sepsis regulations.
Role: Scientist
Completed Research Support
U01HL143507
Girard (PI)
07/01/2018 – 06/30/2020
Educational strategies to promote post-extubation non-invasive ventilation in patients with acute respiratory
failure
This project will compare innovative strategies to overcome barriers to the use of this evidence-based practice
for patients that require invasive mechanical ventilation for acute respiratory failure.
Role: Scientist
R01HL120980
Kahn (PI)
07/28/2014 – 01/31/2019
Organizational Determinants of ICU Telemedicine Effectiveness
By shifting the paradigm of ICU telemedicine evaluation away from whether it works to how and where it
works best, this project was a rigorous examination of the factors that define successful ICU telemedicine
implementation.
Role: Scientist
R01HL096651
Kahn (PI)
12/01/2014 – 01/31/2019
Identifying optimal care structures and processes in long term acute care hospitals
The goal of this project was investigating the impact of long-term acute care hospitals on survival and the
costs of health care for critically ill patients requiring prolonged mechanical ventilation.
Role: Scientist
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K24HL133444
Kahn (PI)
08/01/2016 – 01/31/2019
Patient Oriented Research and Mentoring in Critical Care Implementation Science
The goal of this midcareer investigator award was to enhance the ability Dr. Jeremy Kahn to mentor postdoctoral fellows and junior faculty in patient-oriented critical care outcomes research with a focus on
implantation science in the intensive care unit.
Role: Scientist
R03HL138309
Wallace (PI)
08/07/2017 – 07/31/2019
Causes and Effects of Hospital - Level Changes in ICU Bed Supply
The overall goal of this project was to understand the drivers and implications of hospital-level changes in
their number of ICU beds from the perspectives of key decision makers.
Role: Scientist
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BUDGET
Budget item
CRISMA services

Description and Justification
Total cost
Expertise in qualitative methods to include but is not limited to: 15,600
(1) creation of the thematic codebook and interview schedule,
(2) coordinating and conducting semi-structured interviews, (3)
performing thematic analysis using necessary software (NVivo),
and (4) participant outreach, scheduling, and tracking

Supplies

Necessary supplies to create program materials (aim 2) of the 5,000
intervention of choice

Participant payments

Gift cards ($20) for participation for up to 52 participants

Facilities

For community involvement, the working group will need to 400
organize outside of UPMC facilities while following up to date
guidelines for social distancing

NVivo server

6 months of NVivo server access

1,000

Distribution

Distribution of results

1,960

Total

25,000

1,040
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RESEARCH PLAN

Proportion Surviving

Significance
EVAR has become a standard-of-care technique for treating AAA
AAAs are estimated to be present in up to 3.2 percent of the population13, and carry a very high mortality rate
when they rupture. Treatment of AAA involves either open surgery or endovascular repair (EVAR). EVAR has
been shown in many observational studies to have improved short-term morbidity and mortality and improved
long-term survival compared to open repair.14 As a result, EVAR is being used with increasing frequency in the
United States15 and is currently recommended by the Society for Vascular Surgery over open surgery when
anatomically feasible (Grade 1C Recommendation).1 However, randomized controlled trials do not reflect a longterm survival benefit of EVAR over open repair.16 In addition, EVAR is associated with graft related complications
and reintervention in long-term follow-up, and AAA ruptures post-EVAR have been estimated at a rate of
3.4/1000 person years.17
Recommended follow-up after EVAR is rigorous to identify problems and prevent complications, yet
adherence to recommendations remains poor.
Because of the significant graft-related complications and risk of AAA rupture following EVAR, long-term followup is essential and includes aortic imaging within one month of repair and annually thereafter.1 Imaging allows
for the detection and monitoring of endoleaks that are relatively common after EVAR (seen in up to 30% of
patients) 2 and may lead to aortic degeneration, loss of graft seal, sac re-pressurization, and rupture. Ideally,
surveillance imaging will capture any endoleak as it develops and allow for continued monitoring and preemptive
repair if needed in the elective setting. Despite this, a large number of patients do not adhere to follow-up
guidelines after EVAR, with incomplete follow-up seen in over half of all patients. 3,18 There has been a recent
push in the vascular surgery literature to investigate risk factors associated with inadequate follow-up,5,6,19
however the qualitative investigation into perceived barriers and
Kaplan-Meier Survival Curve
facilitators has yet to be performed.
By Compliance with Follow-up
1.00
Loss of follow-up portends poor survival after ruptured AAA.
0.75
To evaluate the importance of follow-up surveillance after EVAR, we
Log-Rank p<0.01
examined a cohort of 160 patients who underwent EVAR for rAAA at
0.50
the University of Pittsburgh Medical Center (UPMC) between 20030.25
2020 and lived beyond 60 days post-operatively without conversion
0
to open repair. We showed that patients who had any postoperative
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Years after rEVAR
surveillance care had a survival benefit compared to those who were
Number at risk
lost to follow-up (HR 0.57; 95% CI 0.331-0.997; P value 0.049)
LTF
(Figure 1). This finding emphasizes the importance of follow up and Figure 1 Institutional data showing
Any follow-up improved
the necessity to elucidate reasons for follow-up failure.
survival with follow-up after EVAR
Motivational forces for adherence with follow-up are crucial in
understanding behavior and lay the foundation of intervention planning.
Studies have shown poor postoperative surveillance across multiple procedure types and surgical specialties,
not only after AAA repair.20 Several institutional studies and queries of large nationwide databases have
retrospectively analyzed patient and institutional characteristics that contribute to loss of follow-up.3 However,
there is a paucity of data investigating perceived barriers and facilitators to follow-up from multiple stakeholder
perspectives. This is especially true in vascular surgery. Given the significant strides in technology and
innovation over the last several decades, there have been attempts to improve follow-up in various ways, but
the issue of follow-up adherence continues to pose a problem. This indicates a need for a scientifically rigorous
systematic evaluation of behavioral patterns surrounding follow-up. This study will illuminate the specific nuances
at our institution for patients having undergone EVAR. We plan to eventually apply the thematic discoveries and
targets for intervention established in this study beyond EVAR and aneurysm care in order to improve follow-up
care for any elective or emergency surgical procedure.
The theoretical domains framework and intervention mapping techniques provide robust tools for
understanding behavioral patterns and provide the foundation for creating targeted interventions.
The theoretical domains framework (TDF) is a theoretical construct of influences (represented by 14 domains:
knowledge, skills, social/professional role and identity, beliefs about capabilities, optimism, beliefs about
consequences, reinforcement, intentions, goals, memory, attention and decision processes, environmental
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context and resources, social influences, emotion, and behavioral regulation) that impact behavior change. This
is a well validated framework broadly used in implementation science and specifically in understanding factors
that impact a wanted behavior change in the healthcare setting.21
Intervention mapping (IM) is a technique that involves a working group of key stakeholders methodically
progressing through a six-step process to produce an evidence-based and theory-driven intervention that will
induce a behavior change. Our behavior change of interest is to improve follow-up after EVAR. For this project,
we plan to progress through the first three steps of this process over the course of the 12-month grant period
(Table 3), and use the results as a foundation for a future larger-scale grant application. We will seek
perspectives from involved content experts as well as community members and other involved parties to choose
a theory-based intervention.
Discoveries from this study may help inform initial operative repair approach
Trends across the US and worldwide show an increased utilization of endovascular techniques over traditional
open surgery for aneurysm disease.22 However, given the lifelong requirement for follow-up, it may not be the
ideal repair approach for every eligible patient. This study may identify factors associated with complex patient
decision making and facilitate methodology that can assist patients and physicians in shared decision making,
selecting the operative repair approach that suits the patient’s goals and needs. While this is true for elective
and urgent AAA repair, we intend this study to lay a foundation for exploration of stakeholder-level factors in
other common vascular surgery procedures.
Innovation
Our study proposes the innovative use of qualitative methods such as key-informant interviews guided by the
Theoretical Domains Framework (TDF) and Intervention Mapping (IM) in vascular surgery. These methods are
highly valued techniques to develop evidence-based effective interventions yet are underutilized in surgical
research, especially in vascular surgery. For example, the TDF has been used in surgical research to explore
factors influencing decisions around perioperative testing and bleeding management practices.23 Similarly, IM
has been used to develop programs aimed to improve postoperative physical activity and perioperative nutritional
status.24 Application of these techniques in vascular surgery and to follow-up after EVAR has not been done and
is highly innovative.
Research Strategy
Preliminary Data: Using our institutional database on patients who underwent EVAR for rAAA, we determined
that nearly 60% of patients had some degree of loss of follow-up after surgery, with half of those patients never
returning for follow-up in our system. We identified predictors of incomplete follow-up that included male sex, the
absence of a primary care provider, and a longer driving distance from a patient’s home to the hospital at which
the repair took place. We also demonstrated a significant survival benefit for patients who had follow-up
compared to those without, with a hazard ratio of 0.57 (95% CI 0.331-0.997; P value=0.049) (Figure 1). In
addition to the investigation into the clinical predictors and impact of lack of follow-up, we developed an initial
framework for intrinsic and extrinsic factors associated with follow-up adherence. This was was constructed by
an expert consensus panel (n=4) based on the Theoretical Domains Framework (TDF) of behavioral change
(Figure 2). The panel identified facilitators and barriers of follow-up among different groups of stakeholders
across the 14 different domains of the TDF.
Approach
Aim 1: Develop an in-depth understanding of patient-, provider-, and system-level barriers and
facilitators to recommended follow-up care after EVAR.
Study Design: This is a qualitative study utilizing semi-structured interviews to explore barriers and facilitators to
follow-up from multiple stakeholder perspectives.
Deliverable: The primary deliverable will be a needs assessment regarding barriers and facilitators to patient
follow-up after EVAR. Specifically, we will identify and formulate a list of relevant domains with key belief
statements from participants that will serve as a foundation for the intervention mapping technique.
Participants and Sampling strategy: To achieve maximum variation in perspectives, we plan to perform a
minimum of 10 interviews per group (40 interviews) for the initial data analysis, followed by three additional
interviews per group (minimum per group n=13) until we reach thematic saturation (minimum total sample size
n=52).25 We will use purposive diversity sampling for patients based on level of adherence with follow-up
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recommendations, and for providers and system-level key personnel, sampling will be based off of years in
practice or employment and primary patient population. The four groups are shown in Table 1.
Interview Schedule: The initial framework for intrinsic and extrinsic factors which was developed as preliminary
data by our expert panel (Figure 2), along with a review of the literature, will be used as a guide to create the
initial interview schedule.
FACILITATORS
BARRIERS
Knowledge
This will be done in
- The patient understands that they should follow-up
- The patient does not know they should follow-up
collaboration
with
- The patient knows how to follow-up
- The patient does not know how to follow-up
- KP has knowledge of follow-up schedule
- KP does not have knowledge of follow-up schedule
qualitative experts and
Skills
implementation scientists
- The patient has the skill or ability to call and schedule an appointment
- The patient does not have the ability to call and schedule an appointment
from the Clinical Research,
- The patient has the skill to obtain transportation or to navigate telemedicine
- The patient is not able to drive or find directions to the appointment
- The HCP or KP has the skill to provide telemedicine visits to the patient
- Patient, HCP, or KP is unable to navigate telemedicine
Investigation,
and
Social/Professional Role and Identity
Systems
Modeling
of
- The patient takes ownership in owns health
- The HCP does not think it is their responsibility to schedule a follow-up
- The HCP considers it their responsibility and role to ensure patient follows up - The patient does not think it is their responsibility to schedule a follow-up
Acute Illness (CRISMA)
Beliefs about Capabilities
Center.
The
initial
- The patient believes they they are able to get to an appointment, or able to
- The patient does not believe they are able to get to an appointment or able to
interview schedule will be
navigate telemedicine
navigate telemedicine
- HCP believes patient is capable of follow-up
- HCP does not believe patient has capability to follow-up
pilot tested on 2 patients, 2
Optimism
providers, and 2 systems
- The patient remains optimistic about their health and believes that following
- The patient does not think that follow-up will help them or improve their
up will improve health
health
level personnel to ensure
- The HCP believes that persistence in encouraging follow-up will improve
- The HCP does not think the patient will follow-up regardless of any effort put
outcomes
forward by the HCP
clarity
and
Beliefs about Consequences
comprehensiveness of the
- The patient or HCP believes the possible negative consequences of not
- The patient or HCP does not believe there will be any negative
following up
consequences of not following up
interview, and revised
- The patient or HCP believes there is benefit in follow-up
- The patient or HCP does not believe there is any benefit in follow-up
appropriately.26
Reinforcement
- The patient feels like the initial follow-up was a waste of time
Additionally we plan to
- The patient has a positive experience and feels valued and cared for by their - The patient was not able to get in touch with the schedulers to make a new
HCP when they return for initial follow-up
appointment when they tried initially
update
the
interview
- The message of required follow-up is consistent among providers
- KP is not able to get in touch with the patient to reinforce follow-up
importance
schedule
iteratively
Intentions
throughout
the
data
- The HCP intends to see the patient in follow-up
- The patient does not intent to follow-up
collection period to allow
- The patient intends to take ownership of their health
Goals
for
refinement
as
- The patient does not understand the goal of follow-up
- The goal of preventing late complication is made clear by the HCP to the
necessary.
- The patients goal does not include preventing late complication or rupture
patient
- The patient’s goal is to avoid the healthcare system
- The patient’s goal is to avoid late complication
Data
collection:
After
Memory, Attention and Decision Processes
obtaining
informed
- The patient received a phone call reminding them to follow-up
- The patient does not remember to follow-up
consent, we will conduct
- The HCP has a follow-up schedule and receives automated prompts to call
- The HCP or KP does not remember to schedule a patient for follow-up or
patients
prompts are not in place
semi-structured interviews
Environmental Context and Resources
based
on
the
- The patient has other things more pressing on their mind (securing shelter,
- The patient has a safe and secure living situation and feels comfortable
food)
aforementioned
interview
attending a follow-up appointment
- The patient does not have health insurance or ability to drive
- The patient has reliable transportation
- The patient’s support network is not supportive of follow-up
guide over the phone,
- The patient’s support network is supportive and encouraging of follow-up
- The patient does not want to be a burden to their family
virtually, or in person
Social Influences
depending on interviewer
- The patient has a personal relationship with a HCP or was a HCP themselves - The patient’s family and friends do not trust the physician, healthcare system,
- The patient had a good overall experience at the hospital during their stay
or western medicine
and participant ability. The
- Patient feels like HCP/KP is receptive to their needs
- The patient’s family member had a negative experience with the HCP
interviews are estimated to
Emotion
last 30 minutes, will be
- The patient has positive feelings when they visit the physician
- The patient is afraid of what they might learn regarding their health and
- The patient feels confident that they can have a knowledgeable conversation overall mortality
recorded,
and
with their HCP and will not be forced into any unwanted procedures
- The patient is worried they will be forced into having a procedure if they
- The patient feels confident that their healthcare will not result in a financial
follow up
subsequently
transcribed
burden
- The patient is worried they cannot pay for adequate healthcare
and de-identified by an
Behavioral Regulation
experienced member of
- The patient recognizes follow-up may be difficult for them and discusses this - The patient knows they should follow-up but does not have an action plan to
ahead of time with their HCP and formulates an action plan
schedule the appointment. The patient procrastinates.
CRISMA’s Qualitative and
Figure 2 Facilitators and Barriers to follow-up after EVAR as determined by an expert panel (n=4).
Mixed Methods Core.
KP, key personnel; HCP, healthcare provider
Data analysis: Thematic
analysis will be conducted by experienced qualitative researchers (through CRISMA) utilizing a hybrid inductivedeductive approach to codebook development. Transcripts will be read and analyzed for concepts first
independently by reviewers then together to review similarities and differences in concepts and how these may
be organized into themes through the technique of constant comparison. The codebook will consist of themes
and subthemes within each domain, with corresponding definitions, inclusion and exclusion criteria, and
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examples. The consistency of the codebook will then be ensured by co-coding of the transcripts by the qualitative
team, to an inter-rater kappa statistic of 0.75 or higher. NVivo software will be used for data management. After
coding is complete, the most relevant facilitators and barriers that may serve as a target for intervention will be
identified.
Participants
Patients who
underwent (1)
elective and (2)
emergency EVAR
Providers

Description
Living patients who underwent elective or
emergency (two distinct groups) EVAR at a
UPMC facility within the last two years with
varying levels of follow-up. We will recruit
patients from our institutional database.
Vascular surgeons and vascular surgery
APPs who routinely care for patients who
underwent EVAR.

Eligibility
(1) > 18 years of age
(2) English speaking.

(1) Volunteer to actively participate in this research study
(2) Employed at UPMC > 1 years
(3) Routinely perform EVAR or routinely see patients after
EVAR in the clinic
(4) Primary practice location involves Presbyterian Hospital
Systems-level key
Administrative assistants, schedulers, and
(1) Volunteer to actively participate in this research study
personnel
nurse administrators in the division of
(2) Employed at UPMC > 1 years
vascular surgery.
(3) In-depth understanding of outpatient scheduling protocol at
UPMC
Table 1 Description of key stakeholders to identify barriers and facilitators to follow-up after complex aortic surgery. EVAR; endovascular
aortic repair. UPMC; University of Pittsburgh Medical Center. APP; Advanced practice providers.

Aim 2: Create a prototype of a behavioral intervention to improve follow-up after EVAR.
Study Design: Following the intervention mapping (IM) technique, we will complete the first three steps to
systematically rank and choose a targeted intervention to improve follow-up after EVAR (Table 3). Prior to
beginning step 1, we will recruit a diverse group of participants (detailed below) to serve as the working group
for this process.
Step 1 – Needs
assessment (formative
research)

Based on the barriers and facilitators identified in Aim 1, combined with experiences of working group
members and active group discussion, we will develop a complete description of the problem, as well
as a stated program goal.

Step 2 – Matrix of change
objectives

Change objectives state what needs to be accomplished in order to fulfill performance objectives
leading to changes in behavior. For example, to lead to a patient to return for recommended follow-up
(change in behavior), they may need more knowledge (performance objective) which can be
accomplished by providing adequate patient education (change objective).

Step 3 – Selecting
intervention methods

The working group will generate intervention ideas with details including themes, components, scope,
and sequence of the intervention. Ultimately this step is completed by choosing a theory-based
intervention.
Table 1 Comprehensive description of the steps 1-3 of Intervention Mapping

Primary outcome: An evidence-based and theory-informed prototype of a behavior change intervention to
improve postoperative follow-up after EVAR.
Participants: During the semi-structured interview process (Aim 1), we will recruit 4 to 8 individuals to make up
a multidisciplinary comprehensive working group. We will recruit at least one vascular surgeon, an
implementation scientist, a nurse or care coordinator who routinely works with vascular surgery patients and
understands nuanced social circumstances, and one person with extensive experience in group dynamics to
serve as a facilitator for the group discussion.
Community involvement: We will engage community level involvement during step 3 of the IM process.
We will recruit patients and surrogates from diverse backgrounds to provide a broad perspective.
Meetings: The working group will meet at regularly scheduled one-month intervals with communication as
needed in the interim, and progress through steps 1-3 using appropriate qualitative methods to establish
consensus when necessary. These meetings will be held virtually when all parties are available.
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Timeline:
Aim 1 – Barriers and
facilitators to follow-up
Aim 2 – Intervention
mapping

Months 0-3
Develop interview guide
and conduct interviews

Months 4-6
Finish interviews
and analyze data

(1) Assemble task force
Complete needs
(2) Begin needs
assessment (step 1)
assessment (step 1)
Table 4 Timeline for aims 1 and 2 for a total 12-month award cycle.

Months 7-9
-

Months 10-12
-

Complete step 2

Complete step 3 and
distribute results

Limitations: While our group has significant experience in qualitative research, this project proposes utilizing
IM. While powerful and the best fit for our study design, IM is a relatively new technique that may pose
unanticipated challenges. An alternative to IM if difficulties arise is the use of the behavior change wheel, a
validated technique for characterizing and designing behavior change interventions that is more familiar to our
group. 27 Next, due to the limited number of stakeholders, our analysis may be skewed based on individual
biases. This may lead to a future study including more stakeholders validating the results of our semi-structured
interview. Finally, geographic differences may limit the overall generalizability of our results. However, the goal
of this project is to identify potential targets for intervention and propose the most feasible and relevant
intervention. Future studies will include multi-center evaluation of stakeholders to provide a broadly generalizable
intervention for follow-up.
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I have the pleasure of writing a recommendation letter for Dr. Amanda Phillips in pursuit of
the clinical research seed grant from the EVS. Dr. Phillips is a senior resident physician and
a candidate member of the EVS who has demonstrated great potential in research and is
pursuing the use of qualitative methods not commonly used in vascular surgery. In addition
to being a clinical resident, she has recently completed a master’s degree in clinical
research. I have been one of her primary research mentors for over two years now, and
she has been an extremely productive member of our research group with multiple
podium presentations, abstracts, and publications.
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Dr. Phillips’ focus in this proposal is to identify barriers and facilitators for incomplete
follow-up after EVAR. As you well know, our societal guidelines still recommend long-term
structured follow-up after EVAR due to the potential for long-term device-related
complications requiring reintervention. Most of the research in this area has focused on
using commonly available datasets or retrospective review of medical records, which do
not clearly elucidate the reasons behind incomplete follow-up.
We have recently submitted a manuscript supporting the idea that incomplete follow-up is
thought to correlate with poor long-term outcomes after EVAR based on a retrospective
review of our clinical experience here in Pittsburgh. The next step now is to figure out why,
and eventually how these findings can be generalized to the vascular community in future
studies. Dr. Phillips has built a foundation of innovative qualitative methods in order to
prospectively investigate this and has assembled a comprehensive team of content and
methodologic experts to support this study.
I believe that Dr. Phillips has the training, knowledge, and skillset to complete this
impactful study. I will continue to advise in study design and conduct and am prepared to
continue serving as a primary mentor in her research endeavors. I will provide her with the
resources of our research group to accomplish this study. Please do not hesitate to contact
me with any questions.
Sincerely,

Nathan L. Liang, MD MS FSVS
Assistant Professor of Surgery
Division of Vascular Surgery
University of Pittsburgh / UPMC
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Clinical Research Committee
Eastern Vascular Surgery Society
RE: Dr. Amanda Phillips, application for the EVS Seed Grant
Dear Clinical Research Committee:
I would like to express my highest level of support for Dr. Amanda Phillips and her
application for the EVS Seed Grant. Her project addresses a critically important aspect of
aortic aneurysm care as follow-up after AAA repair has transitioned from a couple of visits
following open AAA repair to a long-term commitment following endovascular repair.
Adherence to follow-up is essential, especially as technology advancements and provider
comfort drive the trend toward increasing endovascular repairs in complex anatomy and in
diverse settings. This project has the potential to transcend aneurysm disease to the entirety
of vascular surgery where the patient population is particularly vulnerable to becoming lost
to follow-up.
Dr. Phillips’ study will use qualitative methods to determine barriers and facilitators for
follow-up after EVAR, and further use this knowledge to begin designing an intervention.
These methods are not often utilized in vascular surgery research and are thus innovative in
deriving understanding of stakeholder-level factors leading to follow-up failure in our
specialty, including community engagement. I am excited to work alongside our coinvestigators who are experts in these methods to implement them for this study and
develop a framework that can be adapted and extended for future studies as well.
I am a Professor of Surgery in the Division of Vascular Surgery within the Department of
Surgery. I am an experienced vascular surgeon and the Chief of Vascular Surgery at the
Veterans Affairs Pittsburgh Health System. I have studied the clinical and basic science of
atherosclerosis and AAAs extensively and received continuous extramural funding through
the VA and NIH for both basic and clinical research for over 21 years. I am excited to lend my
clinical and research experience in AAA care. I am prepared to serve as a content expert and
will advise on the study design and conduct.
Please feel free to contact me with any questions.
Sincerely,

Edith Tzeng, MD
UPMC Chair and Professor of Surgery
University of Pittsburgh
Chief of Vascular Surgery, VA Pittsburgh Healthcare System
Program Director, Vascular Surgery Research T32 Program

Dear EVS Clinical Research Committee members:
I am thrilled to be a part of this project spearheaded by Dr. Amanda Phillips and her team in their
effort to understand follow-up after abdominal aortic aneurysms (AAA) repair. Our proposed
research has the potential to become widely applicable beyond aneurysmal disease, and is
particularly relevant as the nation trends toward more endovascular interventions in a variety of
common disease processes. However, qualitative methods have rarely been used in the study of
follow-up adherence in vascular surgery; we propose a study to apply and to refine these
methods in the AAA population, which is known to have significant loss to follow-up.
I am an Associate Professor of Surgery and Critical Care Medicine and an expert in the
application of behavioral science methods to clinical problems and settings. My research has
been funded through multiple extramural sources, including continuous NIH funding, since
2012. I am excited to tackle the important problem of facilitating patient follow-up after complex
surgeries.
I believe that I will be a critical asset to the research team due to my expertise in qualitative
methods and the development of behavioral interventions. As a trauma and critical care surgeon I
will also provide a perspective outside of the immediate vascular surgical sphere. I am excited
for the chance to apply these in an area with previously limited use such as AAA. I plan to
support this study in whatever way necessary and provide close consultation for study design,
conduct, and regulatory issues.
Please do not hesitate to contact me with any questions.
Sincerely,

Deepika Mohan, MD MPH

Dear members of the EVS Clinical Research Committee
I am writing this letter to offer my strong support for Dr. Amanda Phillips and her team in this
research endeavor to explore, understand, and address issues of follow-up adherence after repair
of abdominal aortic aneurysms (AAA).
Lack of adherence to consistent follow-up after repair of AAA, especially minimally invasive
repair, is widely understood to be a significant barrier to care. Drivers of follow-up in this patient
population have not been elucidated, and as such suitable interventions for follow-up retention
have not been thoroughly developed or studied. We propose to utilize qualitative methods to
understand barriers and facilitators of follow-up care after endovascular aortic repair (EVAR) for
AAA and build an evidence based and theory driven, multi-level intervention to improve followup adherence.
I am a medical anthropologist in the Department of Critical Care Medicine and lead the
Qualitative and Mixed Methods Core in the Clinical Research, Investigation, and Systems
Modeling of Acute Illness (CRISMA) Center. CRISMA is an interdisciplinary research group
focusing on clinical and translational research in critical illness. I am an expert in the design and
conduct of qualitative research and have worked extensively on several similar studies in the
past. I am excited to lend my expertise to this project in the design and implementation as a coinvestigator.
Please do not hesitate to contact me with any questions.
Sincerely,

Kimberly Rak, Ph.D., MPH

