
SPECIFIC AIMS 

Ruptured abdominal aortic aneurysms (RAAA) remain one of the most devastating vascular emergencies with 
current mortality estimates of 30-40%.1,2 Mortality rates have minimally improved over the past 20 years 
despite the introduction of endovascular repair and advances in critical care.1,3 Much of the historical focus on 
RAAA has been on centralization or operative intervention, resulting in minimal study of postoperative 
physiology and mid-term outcomes of these patients aside from mortality.  

Postoperative mortality after RAAA is due to either massive hemorrhage or later multiple organ failure (MOF) 
from systemic responses to hemorrhagic shock, coagulopathy, and ischemia.4,5 However, studies of MOF after 
RAAA are limited6 and conceptually extrapolated from the study of trauma patients7,8 and as a result are not 
well understood. MOF has been increasingly utilized as a more nuanced evaluation of patient outcomes than 
mortality in trauma and injury research for the past decade but has been rarely studied in RAAA. 

Coagulopathy is an important perioperative entity contributing to MOF and morbidity/mortality after massive 
hemorrhage. The study of coagulopathy in trauma has recently advanced in part due to improved laboratory 
testing using viscoelastic assays such as thromboelastography (TEG).9 TEG allows for more complex 
evaluation of clotting function than conventional laboratory testing including insight into platelet function, clot 
strength, and fibrinolysis but has not been utilized in the study of patients with RAAA. 

Mid-term outcomes aside from mortality have also rarely been studied after repair of RAAA. Emphasis on 
mortality assumes that death is the worst possible outcome which may not always be the case among critically 
and chronically ill patients such as those with RAAA. Patient-centric metrics such as hospital-free days (HFD) 
and days-spent-at-home (DSH) have demonstrated increasing value as outcomes that provide nuanced views 
of patient recovery, and functional status surveys also provide data on return to independence.10 All three of 
these metrics evaluate aspects of recovery after RAAA that have not been previously studied. 

The proposed research is a prospective observational study designed to provide insight into 

postoperative physiologic mechanisms and patient-centric mid-term outcomes after RAAA. 

Aim 1. Characterization of postoperative physiologic outcomes after RAAA. 

1.1 Multiple Organ Failure. Evaluate the incidence of MOF and its individual domains using Denver, Marshall, 
and SOFA MOF scores and validation of MOF association with mortality and length of stay. 

1.2 Coagulopathy. Evaluate incidence and characterize the coagulopathic profile of RAAA patients using a 
combination of conventional coagulation labs and TEG at recurring timepoints through the first five days.  

Aim 2. Characterization of patient-centric mid-term outcomes after RAAA.  

2.1 Hospital Free Days. HFD, DSH, outpatient reinterventions, and mortality will be analyzed at 30-day, 90-
day, and 180-days to provide a more comprehensive view of return to independence after RAAA. 

2.2 Functional Status. Quality of life (SF-36) and functional status surveys will be administered at baseline 
(retrospective prior to RAAA event), 90-day, and 180-days to provide a longitudinal evaluation of functional 
status and quality of life. 

This will provide a foundation for further study to improve outcomes in this difficult patient population. 

  



PUBLIC HEALTH RELEVANCE STATEMENT 

Ruptured abdominal aortic aneurysms are among the most morbid and fatal surgical emergencies. Despite 
this, many of the pathophysiologic mechanisms underlying the postoperative course after surgery for RAAA 
remain unexplored. Identifying and understanding development and progression of multiple organ failure and 
coagulopathy after RAAA will provide a foundation for improvements targeting physiologic mechanisms in the 
future. The mid-term functional outcomes of RAAA patients after this immediate postoperative course is also 
unknown. Similar to the postoperative physiologic unknowns, little study has been devoted to how patients do 
after discharge. Understanding the amount of time spent in a facility or at home, as well as recovery of quality 
of life and return to functional baselines, will help surgeons understand the recovery process better. This will 
lead to improved discussions of care in both the elective and rupture settings when discussing repair of AAA. 

  



FACILITIES AND RESOURCES 
The facilities and resources available to the PI and his research team from the University of Pittsburgh, 
Department of Surgery, and Division of Vascular Surgery are more than required for successful conduct and 
completion of the proposed research. 

 

Study Facility 
All study activities will be performed at UPMC Presbyterian hospital. UPMC Presbyterian is the flagship 
quaternary care center of the UPMC system. It is closely affiliated with the University of Pittsburgh and 
physically conjoined to the School of Medicine facilities.  

UPMC Presbyterian is an 800-bed facility providing services of the highest acuity and complexity and is the 
primary referral hospital for vascular emergencies in the surrounding four-state region. All of the clinical and 
research services of the Department of Surgery are based at Presbyterian, including the core blood banking 
and laboratory services and Division of Vascular Surgery research resources utilized in this project.  

UPMC Presbyterian provides the most complex vascular care in the region for aortic aneurysm and other 
vascular emergency treatment. UPMC Presbyterian is also on the cutting edge of trauma and injury care and 
provides cutting edge blood transfusion and coagulopathy laboratory services including thromboelastography. 

UPMC Presbyterian utilizes a “Code Rupture” system developed and implemented by Dr. Liang. This 
multidisciplinary effort was initiated in 2019 to streamline the process of transfer for patients with ruptured 
aneurysms, with the goal of decreasing the nonessential decision making for clinical staff and decreasing the 
time from arrival to the operating room. This serves to standardize as much as possible the prehospital and 
preoperative care of RAAA patients from transfer acceptance to arrival in the operating room. The volume of 
RAAA received at UPMC Presbyterian averages 40 annually.  

 

Clinical Research Resources 
Clinical research services will be provided by the clinical nurse coordinators from the Division of Vascular 
Surgery in the Department of Surgery. The Division coordinators are intimately familiar with the conduct of 
prospective trials as Division faculty are constantly involved in numerous regional and national studies at any 
given time. The offices of the coordinators are also based out of UPMC Presbyterian. Nurse coordinators will 
provide data collection services including laboratory data. Our nurse coordinators will also contact patients at 
the appropriate follow-up timepoints and receive medical records for facility stays.  

Data entry and storage is provided by the University of Pittsburgh’s Clinical and Translational Science Institute 
(CTSI). The CTSI maintains an implementation of RedCAP, a HIPPAA-compliant web-based data organization 
and management software specifically created for clinical data entry. This resource is available at no cost for 
any faculty investigators within the School of Medicine. Computing resources are provided by the Division of 
Vascular Surgery to its faculty and clinical research staff. 
 

Institutional Support for Young Investigators 
The Department of Surgery and Division of Vascular Surgery provide extensive support for the career 
development of early stage investigators. The Department has so far provided computational equipment, 
including a small supercomputing server, for the anaalysis of large datasets and complex statistical methods in 
the PI’s research. The PI also serves as a mentor for the Divisional T32 training grant which supports 
postdoctoral scholars and surgical residents to perform research with the PI’s research group.  

The Department provides non-equipment and non-monetary resources in Departmental faculty within the PI’s 
research environment. Multiple funded faculty, both translational and clinical, perform similar research and 
leverage the collective clinical trial experience of the Department in their own work. One of these faculty, Dr. 
Leeper, will serve as collaborators on this research proposal. Administrative and clinical research coordination 
support are provided to the PI by the Division of Vascular Surgery’s research core. 

 

 



STUDY TEAM 
 

Nathan Liang, MD MS, Principal Investigator.  

Dr. Liang is an Assistant Professor of Surgery and practicing vascular surgeon heading a clinical research 
program focusing on RAAA. He has published extensively on RAAA over the past five years, including 
exploration of coagulopathy, blood transfusion, and transfer patterns. He is currently the senior investigator for 
a resident-driven externally funded study to identify barriers of care for follow-up after RAAA repair. He has 
formal training in advanced biostatistics and clinical trial design. He will be responsible for overall study design, 
coordination, conduct, and statistical analysis. 

 

Christine Leeper MD MS, Collaborating Investigator.  

Dr. Leeper is an Assistant Professor of Surgery and Critical Care Medicine and a practicing trauma/critical care 
surgeon. She is a nationally recognized expert in coagulopathy and inflammation after injury and will advise on 
thromboelastography and analysis of coagulopathy profiles. She has studied coagulopathy and multiple organ 
failure outcomes extensively in both adult and pediatric traumatic research. Dr. Leeper will serve as the 
primary consultant and content expert for multiple organ failure and coagulopathy analysis.  
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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 regionalization, 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. 

B. Positions, Scientific Appointments and Honors 

Positions and Scientific Appointments 
2018 -  Assistant Professor of Surgery, University of Pittsburgh, Pittsburgh, PA 

Honors 
2006 - 2009 Nanomedicine Training Award, National Center for Macromolecular Imaging, Baylor College of 

Medicine 
2003 - 2007 National Merit Scholar, Rice University 
2019 Research Career Development Travel Award, SVS Foundation 
2016 Outstanding Thesis in Clinical Research , Institute for Clinical Research Education, University 

of Pittsburgh 



2015 Servier Traveling Fellowship, American Venous Forum 
2015 Second Place Paper, IAVS 
2015 R. Clement Darling III Award 

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, as well as regionalization of care to improve outcomes. 

a. Reitz KM, Phillips AR, Tzeng E, Makaroun MS, Leeper CM, Liang NL. Characterization of immediate 
and early mortality after repair of ruptured abdominal aortic aneurysm. J Vasc Surg. 2022 Jul 5; 
PubMed PMID: 35803483.  

b. Phillips AR, Andraska EA, Reitz KM, Habib S, Martinez-Meehan D, Dai Y, Johnson AE, Liang NL. 
Association between neighborhood deprivation and presenting with a ruptured abdominal aortic 
aneurysm before screening age. J Vasc Surg. 2022 Mar 18; PubMed PMID: 35314299.  

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. Prehosp 
Emerg Care. 2022 Mar-Apr;26(2):255-262. PubMed Central PMCID: PMC8368078.  

d. Phillips AR, Andraska EA, Reitz KM, Gabriel L, Salem KM, Sridharan ND, Tzeng E, Liang NL. Any 
Postoperative Surveillance Improves Survival after Endovascular Repair of Ruptured Abdominal Aortic 
Aneurysms. Ann Vasc Surg. 2022 Mar;80:50-59. PubMed Central PMCID: PMC8897248.  

2. Aortic Aneurysms and Dissection 

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, Hall DE, Makaroun MS, Tzeng E, Liang NL. Early Postoperative Mortality Among US 
Veterans With a Robust Physiologic Reserve Undergoing Open or Endovascular Abdominal Aortic 
Aneurysm Repair. JAMA Netw Open. 2021 Nov 1;4(11):e2137245. PubMed Central PMCID: 
PMC8611481.  

b. Liang NL, Ohki T, Ouriel K, Teigen C, Fry D, Henretta J, Komori K, Kichikawa K, Makaroun MS. Five-
year results of the INSPIRATION study for the INCRAFT low-profile endovascular aortic stent graft 
system. J Vasc Surg. 2021 Mar;73(3):867-873.e2. PubMed PMID: 32707389.  

c. 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.  

d. 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.  

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):171-
176.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 
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):499-
505.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):171-
176.e1. PubMed Central PMCID: PMC5324829.  
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A. Personal Statement 
I am an Assistant Professor of Surgery and Critical Care Medicine at the University of Pittsburgh Medical 
Center. I completed general surgery residency followed by a Surgical Critical Care Fellowship and hold dual 
board certification from the American Board of Surgery in general surgery and critical care medicine. My 
research interests are in the field of trauma surgery and critical care, specifically trauma-induced coagulopathy 
and transfusion practice. At UPMC, I am embedded in a particularly productive environment, with expert 
mentorship and protected time to dedicate to the conduct of clinical and translational research. I have formal 
training in the conduct of clinical and translational research, earning a Master of Science degree in Clinical 
Research through the University of Pittsburgh Institute for Clinical Research Education (MS, 2016). This 
degree includes courses in advanced statistical methods, clinical trials, grant writing and research ethics, 
among others. I lead a clinical research team focusing on defining optimal transfusion practice and describing 
pediatric trauma-induced coagulopathy, the systemic alteration in the hemostatic and inflammatory systems 
after injury that increases patients' risk of poor outcomes. I have been awarded institutional and extramural 
funding to support these pursuits. I also assisted in the implementation of the country’s first civilian pediatric 
cold-stored whole blood program, and presented and published our research regarding the safety and 
effectiveness of this blood product as a key tool in early hemostatic resuscitation.  

My long-term research goals as an independent researcher are 1) to define optimal hemostatic resuscitation in 
children, 2) to investigate mechanisms of pediatric trauma-induced coagulopathy and identify potential 
treatment targets to improve patient outcomes; and 3) to facilitate advancement of pediatric trauma care by 
sharing this knowledge with others.   



Ongoing and recently completed projects that I would like to highlight include: 
ACTIV-4: Multicenter, Adaptive, Randomized Controlled Platform Trial of the Safety and Efficacy of 
Antithrombotic and Additional Strategies in Hospitalized Adults With COVID-19  
National Institute of Health: National Heart Lung & Blood Institute 
Medical Monitor; 07/2020 - present  
Characterizing Endotheliopathy in a Pediatric Trauma Cohort  
American Association for the Surgery of Trauma Research and Education Fund Scholarship  
Principle Investigator; 07/2021 – present  
Use of Rapid Thromboelastography in the Delineation and Management of Trauma-Induced Disorders of 
Coagulation UL1TR000005 Clinical and Translational Science Institute & the Vascular Medicine Institute 
Principle Investigator; 07/2015 –07/2018 

Citations 
1. Gaines BA, Yazer MH, Triulzi DJ, Sperry JL, Neal MD, Billiar TR, Leeper CM. Low Titer Group O Whole 

Blood In Injured Children Requiring Massive Transfusion. Ann Surg: 2021 October 08.  
2. Leeper CM, Yazer MH, Triulzi DJ, Neal MD, Gaines BA. Whole Blood Is Superior To Component 

Transfusion For Injured Children: A Propensity Matched Analysis. Ann Surg. 2020 Oct;272(4):590-594.  
3. Leeper CM, Yazer MH, Neal MD. Whole Blood Resuscitation of Injured Patients: Innovating from the Past. 

JAMA Surgery. 2020 May 27. 
4. Leeper CM, Yazer MH, Cladis FP, Saladino R, Triulzi DJ, Gaines BA. Use of Uncrossmatched Cold-Stored 

Whole Blood in Injured Children With Hemorrhagic Shock. JAMA Pediatr. 2018 Mar 19 

B. Positions, Scientific Appointments, and Honors 
Positions and Scientific Appointments 
2021 - present Associate Program Director Surgical Critical Care Fellowship, University of Pittsburgh 

Medical Center, Pittsburgh PA 
2021 - present Assistant Editor, Journal of Pediatric Surgery 
Sept 2020 – present  
 

Assistant Professor of Surgery and Critical Care Medicine, University of Pittsburgh 
Medical Center, Pittsburgh, PA  

Sept 2020 - present Attending Surgeon, UPMC and Veteran’s Affairs Hospital, Pittsburgh PA 
2019 – present  Member, Trauma and Transfusion Medicine Research Center 
2018 - present 
2016 – present 

Member, BloodNet 
Member, Pediatric Trauma Society  

2015 - present Member, Association of Women Surgeons 
2011 - present  Member, American College of Surgeons  

Certification and Licensure 
Specialty Certification  
4/12/2021 Surgical Critical Care, American Board of Surgery 
10/23/2019 Surgery, American Board of Surgery 
Medical Licensure  
3/14/2019 Physician, State of Pennsylvania 

Honors 
2021 
 
2019 
2011 

American Association for the Surgery of Trauma (AAST) Research and Education Fund 
Trauma Critical Care Scholarship 
Doris B. Maxwell Award for Research, University of Pittsburgh School of Medicine 
Doris B. Maxwell Prize in Surgery, University of Pittsburgh School of Medicine 

2011 Alpha Omega Alpha Honor Society Member, Alpha Omega Alpha Honor Medical Society  
2009 Citation, Maryland General Assembly 
2009 Public Safety Award, Wheaton & Kensington Chamber of Commerce  
2008 Albert Schweitzer Fellow, Albert Schweitzer Fellowship 
 



C. Contributions to Science 

1. Trauma-induced coagulopathy in pediatric trauma patients - Hemorrhagic shock precipitates trauma-
induced coagulopathy (TIC), the body’s complex endogenous response to injury via the hemostatic system. 
We showed that TIC is common in injured children and associated with death, disability, organ failure and 
need for greater volumes of blood products. The etiology of TIC is multifactorial; contributors include 
clotting factors, platelets and the vascular endothelium. Despite the critical importance of pediatric TIC, 
data is sparse and effective therapies are lacking. My current work focuses on TIC in critically-injured 
children. I have conducted retrospective cohort studies to link admission international normalized ratio 
(INR) and trend in INR with increased mortality and in-hospital complications, leading to first authored 
papers and presentations at national meetings. I led a multidisciplinary team at Children's Hospital of 
Pittsburgh to validate, protocolize and implement a laboratory technology, rapid thromboelastography 
(rTEG), to evaluate coagulation status in our sickest trauma patients. I secured independent funding as the 
principle investigator to design and conduct a prospective observational trial to evaluate patients' 
coagulation status after injury, which is currently enrolling patients. Additionally, I have lectured to various 
disciplines including trauma, emergency medicine, critical care medicine, hematology, anesthesiology, and 
neurosurgery regarding TIC diagnosis, management, and relevance to current practice. 

 
a. Hrebinko KA, Strotmeyer SJ, Richardson WM, Gaines BA, Leeper CM. Sex dimorphisms in 

coagulation characteristics in the pediatric trauma population appear after puberty. J Trauma Acute 
Care Surg.  

b. Leeper CM, Strotmeyer SJ, Neal MD, Gaines BA. Opportunity To Mitigate Trauma-Induced 
Coagulopathy In Children: Fibrinolysis Shutdown Is Not Prevalent Until 1 Hour Post-injury. Ann 
Surg 2019 Sep;270(3):528-534. 

c. Leeper CM, Neal MD, Billiar TR, Sperry JL, Gaines BA. Over Resuscitation With Plasma is 
Associated With Sustained Fibrinolysis Shutdown and Death in Pediatric Traumatic Brain Injury. J 
Trauma Acute Care Surg. 2018 Feb 14 

d. Leeper CM, Neal MD, McKenna C, Billiar T, Gaines BA. Principal component analysis of 
coagulation assays in severely injured children. Surgery. 2018 Apr;163(4):827-831. 

2. Whole Blood as a safe therapeutic option for children in hemorrhagic shock – Hemorrhage is initially 
addressed by hemostatic resuscitation, a transfusion strategy that aims to restore adequate perfusion by 1) 
replacing shed blood through transfusion and 2) enabling clot formation through replacement of clotting 
factors and platelets, and mitigating the effects of trauma-induced coagulopathy. The current standard of 
care involves transfusing the components of blood (i.e., packed RBC, FFP, platelets) (component therapy, 
CT) in balanced ratio to approximate the blood lost. However, the resulting mixture is more dilute, anemic, 
and thrombocytopenic compared to our actual blood; patients therefore receive a combination of products 
with increased anticoagulant agents and additives, decreased clotting potential and decreased oxygen 
carrying capacity. Increased recognition of these differences and the challenges in achieving balanced 
resuscitation has led to the development of cold-stored low titer group O whole blood (LTOWB), which has 
multiple potential advantages over component therapy including improved hemostatic function, ease and 
efficiency of administration of a single product, and fewer donor exposures which decreases risk of blood-
borne pathogens. As part of a multidisciplinary effort, we were the first institution to utilize LTOWB for 
injured children in the United States, and the first to show that use of LTOWB is feasible and safe in 
children. We subsequently identified that LTOWB has benefits compared to CT in children, including 
improved coagulation, reduced shock and decreased total blood products transfused. Among children with 
massive hemorrhage, LTOWB improved survival. This work established the safety and feasibility of 
LTOWB use in children, and has changed the standard of care in pediatric trauma transfusion practice at 
many institutions. 

a. Gaines BA, Yazer MH, Triulzi DJ, Sperry JL, Neal MD, Billiar TR, Leeper CM. Low Titer Group O 
Whole Blood In Injured Children Requiring Massive Transfusion. Ann Surg: 2021 October 08.  

b. Morgan KM, Yazer MH, Triulzi D, Gaines BA, Leeper CM. Safety Profile of Low Titer Group O 
Whole Blood in Pediatric Patients with Massive Hemorrhage. Transfusion. 2021 Jul;61 Suppl 1:S8-
S14. 



c. Leeper CM, Yazer MH, Triulzi DJ, Neal MD, Gaines BA. Whole Blood Is Superior To Component 
Transfusion For Injured Children: A Propensity Matched Analysis. Ann Surg 2020 Oct;272(4):590-
594. 

d. Leeper CM, Yazer MH, Cladis FP, Saladino R, Triulzi DJ, Gaines BA. Use of Uncrossmatched 
Cold-Stored Whole Blood in Injured Children With Hemorrhagic Shock. JAMA Pediatr. 2018 Mar 19 

3. Optimal hemostatic resuscitation practice in children - More children in the United States die from trauma 
than from any other cause. Hemorrhage is the dominant cause of preventable death. There are almost no 
pediatric data to guide the resuscitation of severely injured children, and therefore, we use adult data. But 
children are physiologically and biologically different; their response to injury is unique and distinct. Thus, 
our current practice is illogical and perhaps even harmful. Pediatric-specific hemostatic resuscitation is 
critical in mitigating coagulopathy and improving survival in both blunt and penetrating trauma. My research 
in this area has helped to establish and update the standard of care and promote evidence-based practice 
in the field of pediatric trauma surgery.  

a. Morgan KM, Gaines BA, Strotmeyer SJ, Richardson WM, Leeper CM. Recognizing Life-
Threatening bleeding in Pediatric Trauma: A Standard for When to Activate Massive Transfusion 
Protocol.  J Trauma Acute Care Surg 

b. Spinella PC, Leonard JC, Gaines BA, Luther JF, Wisniewski SR, Josephson CD, Leeper CM; 
MAssive Transfusion epidemiology and outcomes In Children (MATIC) Investigators and BloodNet. 
Use of Antifibrinolytics in Pediatric Life-Threatening Hemorrhage: A Prospective Observational 
Multicenter Study. Crit Care Med. 2021 Oct 18. PMID: 34661553 
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BUDGET AND JUSTIFICATION 

 

 

Research Nurse 0.25 FTE 
The primary utilization of grant funds will be for support of a research nurse. The role of the nurse will partially 
be for data collection during the initial index hospitalization. The primary focus of the research nurse will be 
follow-up of QoL and HFD/DSH metrics. The nurse will be responsible for telephone follow up at 90- and 180-
day timepoints to administer the SF-36 questionnaire and semi-structured interview questions as well as to 
perform a preliminary assessment of HFD/DSH. He/she will be responsible for receiving medical records for all 
facility stays to verify HFD/DSH integrity. 

 

Publication Costs: Funds to be used for publication of protocols and to support publication of study results. 

 

Printing Costs: Costs for printing of promotional material, study documents, and other necessary large-scale 
printing. 



RESEARCH PLAN 

A. SIGNIFICANCE 

Rupture is the feared result of abdominal aortic aneurysms (RAAA) and is a highly fatal and morbid condition. 
Study of RAAA over the last half-century has suggested a perioperative 30-day mortality of nearly 50%.1 It is 
only in the last two decades that advances in operative treatment and critical care have improved mortality 
rates.11 Despite this, an estimated 30-40% perioperative mortality rate still exists for all comers presenting with 
RAAA.1–3 As a result of the emergency nature and relatively low incidence of RAAA per capita, the study of 
outcomes in RAAA has largely been confined to less granular issues of volume, centralization, and intervention 
such as open vs. endovascular repair (EVAR). Much less attention has been paid to the complex postoperative 
physiologic response to RAAA repair and patient course post-discharge. 

Much of the mortality following repair of RAAA has been attributed to either unrecoverable massive blood loss 
in the early period (<24h) or a combination of ischemia, inflammatory response, and coagulopathy resulting in 
postoperative multiple organ failure (MOF).4 This has not been well studied in RAAA but rather mostly 
extrapolated from existing trauma research showing worsening MOF following traumatic injury and surgery 
with hemorrhagic shock. This has been mirrored in RAAA; up to 60% of patients with RAAA present with 
evidence that hemorrhagic shock and open surgery results in larger and longer increases in inflammatory 
markers.12 Despite this, little else is known about progression of MOF after surgical repair of RAAA and 
differences with trauma patients including more advanced age and comorbidities as well as lack of concomitant 
bony, tissue, or head injuries limits broad generalizability of this extrapolated knowledge.  

A critical driver of MOF in the early stage of postop RAAA is coagulopathy. Although coagulopathy has been 
associated with increased mortality in RAAA,4 the presenting incidence of severe coagulopathy based only on 
conventional laboratories such as the international normalized ratio (INR)13,14 is unclear due to the acute phase 
nature of many of these markers. All prior studies have been limited to using conventional laboratory 
coagulation studies (CLC) in exploring the mechanism of coagulopathy. Trauma literature has demonstrated 
that INR is often sensitive but not specific15 and aPTT specific but not sensitive16,17. Similarly, standard 
fibrinogen and platelet concentrations in conventional laboratories can be accurately quantified but fibrinolytic 
activity and platelet function are difficult to determine based on these tests alone18,19. 

For these reasons, viscoelastic testing such as thromboelastography (TEG) has been increasingly utilized in 
addition to CLCs. TEG quantifies coagulation in real time using the changing elasticity and viscosity of whole 
blood as it clots, allowing for evaluation of many standard coagulation measurements as well as functional 
information due to the ability to follow the entire clotting process over time. Despite this widespread usage in 
other fields such as trauma and cardiac surgery, TEG has not been routinely utilized in vascular surgery and 
RAAA either clinically or for understanding the pathophysiology of coagulopathy and its effects on 
postoperative MOF and mortality. 

The operative stress of RAAA surgery is not just seen in immediate postoperative physiologic changes such as 
MOF and coagulopathy but has effects that extends into the mid-term and long-term as well. Patients who 
survive their hospitalization and are discharged often are lost to follow-up and have significant readmission 
rates and poorer outcomes.20 Studies that have examined longer term outcomes after RAAA are traditionally 
focused on mortality and reinterventions, implicitly assuming that mortality is the worst possible outcome in any 
situation. Recent trends in clinical outcomes research have focused more on patient-centric outcomes (PCO) 
that provide more nuance on patient quality of life and functional status. For example, contemporary research 
on patient preferences for elective aneurysm surgery has shown that patients may differ in their choice of 
surgical approach due to wide ranging opinions on perioperative issues such as recovery time and return to 
independence.21 General understanding of PCO after RAAA can inform patient and family decision making as 
well as guiding the expectations of patients either in the office when deciding on elective aneurysm repair, or 
when pending discharge RAAA repair.  

Quality of life (QoL) and other PCOs have received limited study in RAAA literature. A systematic review of 
early studies of RAAA QoL demonstrated decline in physical function and overall well-being, although all of the 
studies were in small retrospective cohorts.22 Traditional QoL instruments such as the SF-36 quantify overall 



functional status and well-being over several domains but do not take into account reinterventions or other 
potential setbacks in recovery and may be temporally variable even within patients.  

Hospital-free days (HFD) is an emerging patient-centered metric that allows for exploration of continuing 
medical care in the recovery period outside the hospital. This can be extended into the days-spent-at-home 
(DSH) concept which shifts the focus from simply staying out of the hospital to aggregate time spent at home. 
These quality metrics have been studied in critically ill populations including in postoperative cancer and 
hospice populations.10 In this study we will utilize the SF-36 and both HFD and DSH at recurrent timepoints in 
addition to the traditional mortality and reintervention endpoints to attempt to capture a more holistic picture of 
mid-term outcomes after RAAA. 

Together, study of the short-term physiologic and mid-term quality of life aspects proposed in this 

research aims to plug the gaps in current understanding of RAAA outcomes and provide a foundation 

for future study in this patient population. We propose a prospective observational study, the 

Outcomes after Repair of Ruptured Abdominal Aortic Aneurysms study, to gather more information on 

these understudied aspects of care. 

B. INNOVATION 

This proposal is innovative in three specific ways. First is our focus on MOF as an outcome after repair of 
RAAA. Most RAAA studies have focused primarily on mortality rather than MOF.23–25 MOF scores likely provide 
a more frequent and nuanced outcome than binary measures of mortality, but only one study has attempted to 
validate an MOF measure in RAAA.26 We intend to use three validated measures to identify incidence and the 
affected organ domains of MOF in this study.  

Second, explorations of coagulopathy have not been performed in the modern EVAR-first era of RAAA and 
any such evaluation has only utilized CLCs. Coagulopathies of RAAA have also long been suspected to be 
partially related to the physiologic stress and blood loss from open surgery. Our study will evaluate 
coagulopathy in the setting of both EVAR and open surgery, allowing for separate evaluation of any isolated 
coagulopathy from the rupture event alone.  Our proposed research will also add TEG, providing insight into 
both coagulation function and mechanisms of action not previously explored in RAAA.  

Third, PCOs have not been reliably studied in the modern era of RAAA repair. Most of the recent study of 
RAAA focuses on interventions, regionalization, and mortality. Understanding the recovery of these patients 
outside of simply reporting mortality will help researchers and clinicians better study interventions for improving 
outcomes in RAAA and assisting patients and their families in making surgical or end-of-life decisions in both 
the elective and rupture settings.  

C. RESEARCH STRATEGY 

C1. Preliminary Data 

Institutional Experience with RAAA. UPMC Presbyterian is an 800-bed quaternary referral center, level 1 
trauma center, and the primary accepting hospital for 
vascular emergencies in the five-state region surrounding 
Pittsburgh. The volume of RAAA treated at our institution 
averages around 40-50 annually. In a retrospective 
review of over 800 RAAA cases over twenty years, our 
mortality rate has remained around 30%. Dr. Liang (PI) 
implemented a multidisciplinary transfer protocol and 
registry (“Code Rupture”) in early 2020 which has 
standardized our RAAA response.27 Code Rupture will be 
used to provide a standardized research platform for this 
prospective study. 

Multiple Organ Failure in RAAA. We have used both 
the Vascular Quality Initiative (VQI) and our own 
retrospective data to show that mortality after RAAA 

 

Figure 1. Cumulative hazard of mortality after RAAA 
repair in the VQI. 



follows a bimodal distribution. In our study of 5157 VQI RAAA patients, we found that mortality in the first 24 
hours is shock-related and comprises 35% of deaths, with the remaining deaths spread throughout the 
postoperative period and associated with MOF conditions such as renal and respiratory failure.28 We then 
performed a retrospective institutional study on 288 patients with available data to calculate Denver, Marshall, 
and SOFA MOF scores and demonstrated a 10-15% rate of MOF after RAAA repair [poster presentation, 2022 
Eastern Vascular Society annual meeting]. As expected, MOF was associated with increased mortality and the 
most commonly deranged organ systems were pulmonary and neurologic followed by renal. However, many of 
our patients were missing critical MOF data not-at-random that could not be imputed. This would be more 
completely measured using a prospective design as proposed here. 

Coagulopathy in RAAA. We have performed a retrospective analysis of coagulopathy in RAAA using our 
institutional data. An analysis of 437 RAAA patients with available INR data showed that presenting 
coagulopathy was significantly associated with 
worse early and 30-day mortality compared with 
normal INR (INR 1.6-1.9: OR 2.7 [95% CI 1.4-5.2]; 
INR>2.0: OR 5.0 [95% CI 2.6-9.7]; P<.01; Figure). In 
addition, we found that 21% of RAAA patients who 
did not have presenting coagulopathy developed 
coagulopathy in the postoperative period, showing 
that coagulation derangement can still develop 
despite control of hemorrhage and definitive repair. 
Nearly all patients (89%) with any perioperative 
coagulopathy had normalized their INR or died by 
postoperative day 3 and completely by day 5, 
suggesting that these coagulation derangements are 
either transient or associated with fatal multiple 
organ failure early in the postoperative course. 
[presented at the 2022 SCVS annual meeting]. 

C2. Study Design.  

Design, Screening, and Enrollment. This will be a prospective observational study. Currently, all suspected 
RAAA within the UPMC system and from facilities outside the system are transferred emergently to UPMC 
Presbyterian hospital by air ambulance under our institutional “Code Rupture” protocol and will be screened by 
the study team. Inclusions will be age≥18, imaging evidence on CT or ultrasound of RAAA, and an 
infrarenal/juxtarenal aortic aneurysm. Those with connective tissue disorder, traumatic or mycotic aneurysms, 
or refusal of surgery will be excluded. 

Perioperative Data Collection. Clinical data will be collected on subject arrival and enrollment by the study 
team. Important clinical data variables including vital signs, blood pressure, level of consciousness using the 
Glasgow Coma Scale, and resuscitative fluid totals during transfer will be collected from ambulance records. A 
TEG, acid/base status, lactate, blood count including hemoglobin/hematocrit, platelet count, and conventional 
coagulation laboratories will be obtained within 4 hours of arrival according to the standard of care. Surgical 
repair will be performed according to standard of care in an “EVAR-first” approach. Operative type, anatomy of 
the aneurysm including aneurysm neck characteristics, anesthesia type, and intraoperative and transfusion 
data will be documented. Laboratory and clinical markers of coagulopathy and multiple organ failure will be 
collected daily while in the intensive care unit. Mortality outcomes will be followed through 180 days.  

Follow-Up Data Collection. Follow-up data including quality of life questionnaires and data on outside 
hospital and facility admissions will be collected at 30, 90, and 180 days after the index operation.  

C3. Analysis of Multiple Organ Failure. Three validated MOF scores, the Denver29, Marshall29, and 
Sequential Organ Failure Assessment30 (SOFA) scoring systems, will be used to evaluate MOF. MOF scores 
will be calculated daily starting from the first postoperative day until the subject leaves the intensive care unit or 
to 30 days post-admission, whichever is shorter. The Denver score quantitatively measures the dysfunction of 
four organ systems (pulmonary, renal, hepatic, cardiac; Table 1). The Marshall score adds hematologic and 

 

Figure 2. 30-day survival by presenting INR. 



neurologic domains. The SOFA score adds a coagulation domain. Subjects who did not require ICU admission 
will be assigned a score of 0. MOF will be defined as Denver score > 3, or Marshall/SOFA score >5. 
Measurement of MOF will be by % of incident MOF and number and % of MOF free days.  

Rationale. Analysis of multiple organ failure is not consistently reported within the RAAA literature. The SOFA 
scoring system has been used previously in a small study of 68 patients undergoing open surgery for RAAA. 
An initial SOFA score above 9 resulted in mortality rates of 74% compared to 16% for those under 9. In those 
with SOFA over 9, an unchanged or increased score in the first 48 hours resulted in an increasing mortality 
rate of 82% compared to 40% for those with decreasing score.26 

Statistical Analysis. The incidence of MOF using the described metrics will be calculated. We will attempt to 
validate MOF scores on predictive ability for 30-day mortality based on positive predictive value, discrimination 
by ROC analysis, and calibration. Kendall’s W will be used to evaluate correlation between the three MOF 
scores/their component domains. Subgroups (hemodynamic stability, open/EVAR) will be compared. 

C4. Analysis of Coagulopathy. Coagulopathy data will be collected within 4h of arrival, then daily during the 
ICU stay or for the first five days, whichever is shorter. The value collected at the first timepoint of the day will 
be used for the daily value. This timeline is based on our preliminary data suggesting that 86% of coagulopathy 
either resolves or results in mortality within 3 days and 100% at 5 days. 

Conventional Laboratory Coagulation Studies (CLC). CLCs will include INR, activated partial 
thromboplastin time (aPTT), fibrinogen, and platelet counts. Coagulopathy will be defined according to 
standard laboratory reference ranges and previously published thresholds in RAAA14 (Table 2).  

Thromboelastography. Blood samples for TEG will be collected within the first 4 hours of arrival and then 
daily thereafter on the same schedule as the conventional laboratories. TEG 6S quantifies coagulation by 
analyzing the resonant frequency of clotting blood over time. Samples will be run with citrated kaolin with 
heparinase, RapidTEG, functional fibrinogen, and platelet mapping tests. Citrated kaolin with heparinase 
assesses intrinsic clotting pathway factors while accounting for the contribution of heparin, allowing for 
evaluation of patients heparinized during surgery. RapidTEG provides a measure of all clotting pathway 

TABLE 2. Laboratory Measurements of Coagulation Function 
 Measurement Reference Range Measured Coagulation Step   

C
on

ve
nt

io
na

l INR 0.9 – 1.2  Extrinsic Pathway  

aPTT 20 – 40s Intrinsic and Common Pathway  

Platelets 150 – 450 x 103/µL Serum platelet concentration  

Fibrinogen 200 – 400 mg/dL Serum fibrinogen concentration  

TE
G

 

R  3 – 8 min Coagulation cascade initiation, thrombin generation  

K  1 – 3 min Conversion of fibrinogen to fibrin  

Alpha-angle 55 – 78° Peak conversion of fibrinogen to fibrin  

MA 51 – 69 mm Peak clot strength  

Ly30 < 7.5% Balance of clot formation and fibrinolysis  

TEG: thromboelastography; INR: international normalized ratio; aPTT: activated partial thromboplastin time; R: reaction time; K: kinetic 

time; MA: maximum amplitude; Ly30: percent lysis of clot at 30 minutes 

 

 

TABLE 1. Denver Multiple Organ Failure Scoring System 

Dysfunction Grade 0 Grade 1 Grade 2 Grade 3 
Pulmonary 

  PaO2/FiO2 ratio 
> 208 208 - 165 165 - 83 < 83 

Renal  
  Creatinine (umol/L) 

< 159 160 - 210 211 - 420 > 420 

Hepatic 
  Total Bili. (umol/L) < 34 34 - 68 69 - 137 > 137 

Cardiac  
  Inotropes None One, small dose 

One at moderate dose 

or >1 agent at small 

doses 

Any at large dose or >2 

agents at moderate 

doses 

    Total score is obtained by summing the grades for each domain.  



factors. Functional fibrinogen testing isolates the contribution of fibrinogen and fibrinolysis to clot strength. 
Platelet mapping testing assesses platelet function including platelet inhibition and aggregation. 

Major TEG measurements and reference ranges are shown in Table 2. The preclotting phase measured by R-
time and activated clotting time (ACT) measures time from addition of reagents to the onset of clotting, and 
prolonged R-time is suggestive of clotting factor deficiencies. Kinetic time (K), alpha angle (alpha), and 
maximum amplitude (MA) are measurements of clot propagation/strength. K and alpha measure conversion of 
fibrinogen to fibrin and suggest impairment, often due to reduced fibrinogen levels, if reduced. MA reflects peak 
clot strength and often suggests insufficient platelet action if reduced. The percent clot lysis at 30 minutes 
(Ly30) is a measure of clot stability, and increased Ly30 may represent hyperfibrinolysis. 

Rationale. The time period of collection is informed by our preliminary data showing complete resolution of 
coagulopathy or death by day 5. Of the listed CLCs, only INR and fibrinogen have been studied but both 
elevated INR and hypofibrinogenemia have been associated with worse perioperative mortality in RAAA.13,14 
CLCs in general have been insufficient for quantifying coagulopathy in trauma induced coagulopathy.15–17,31 
TEG more specifically reflects different phases of the clotting process, more accurately reflecting problems with 
clotting factor deficiencies, fibrinogen, and platelet activity.  

Statistical Analysis. Distributions of CLC and TEG measurements will be analyzed graphically and compared 
between groups using standard tests of means or medians. The timecourse of coagulopathy will be plotted and 
compared between subgroups including hemodynamic stability and intervention (open/EVAR). 

C5. Analysis of Patient Centric Outcomes. Patient-centric outcome data will be collected at 90- and 180-day 
timepoints. Patients will be contacted by telephone and medical records of outpatient procedures and hospital 
and facility stays will be requested for review by the study team.  

Quality of Life. QoL will be assessed using the 36-item short form survey (SF-36). The SF-36 is a validated 
measure of quality of life which has been widely utilized in clinical research. SF-36 evaluates eight domains: 
functional limitation in physical activities, functional limitation in usual activities due to physical and emotional 
problems, social limitation, bodily pain, general mental health, vitality, and general health perceptions. The SF-
36 will be completed via telephone visit by our study team at the 90- and 180-day timepoints.  

Hospital-Free Days. HFD and DSH will be calculated at the 90- and 180-day timepoints. Definitions of HFD 
and DSH may vary minorly between studies but in general have been well-defined in the literature.10 HFD will 
be defined as any time during that calendar day spent as an inpatient, observation, in the emergency 
department, or in a long-term acute care facility. DSH will constitute any full day spent at home outside a 
medical facility. Exclusions to a DSH measure include all components of HFD as well as days spent at an 
inpatient rehab facility, skilled nursing facility, or long-term nursing care home.  

Rationale. Both QoL and HFD/DSH are representative of patient-centric outcomes not typically reported or 
studied in RAAA. These metrics address functional and return-to-independence aspects of critically and 
chronically ill patients not previously studied in this patient population.  

Statistical Analysis. Changes in QoL will be evaluated longitudinally between the 90- and 180-day timepoints 
and reported. HFD and DSH will be reported at each timepoint and reported for the cohort as mean or median. 

C6. Human Subjects and Data Protection: Approval from the University of Pittsburgh Institutional Review 
Board will be obtained for the study protocol prior to initiation of the study and beginning of subject enrollment. 
Clinical data will be stored on firewall-secure servers at the University of Pittsburgh/UPMC using RedCAP, a 
HIPPAA compliant database. Any paper records will be stored in a locked unit in our research offices.  

C7. Future Directions: Modulation of coagulopathy and MOF has been suggested in other fields to improve 
outcomes in studies of interventions such as tranexamic acid and whole blood. In addition to further 
mechanistic exploration of coagulopathy and MOF and practice-based exploration of PCOs, we intend to use 
the data generated in this proposal as part of the foundation for an eventual clinical trial studying the effect of 
whole blood on RAAA outcomes. 
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Affiliated with the University of Pittsburgh School of Medicine

July 22, 2022 

Re: Application by Dr. Nathan Liang 

Dear members of the Eastern Vascular Clinical Research Committee, 

It is a pleasure to write this letter of strong support for Dr. Nathan Liang’s submission for the 
Eastern Vascular Society seed grant. I have known Dr. Liang for over ten years, initially as a 
resident in our training program and now as faculty member. During his time with us as 
faculty, he has demonstrated a keen interest in both clinical and research aspects of aortic 
aneurysm disease, an interest I have encouraged.  

Dr. Liang has a special interest in ruptured aneurysms and has published widely on the subject 
over the last five years. He has become interested in looking beyond the standard associations 
of ruptured aneurysms and mortality and has borrowed from some cutting-edge research in 
the trauma and critical care world on coagulopathy and multisystem organ failure in the setting 
of major hemorrhagic injury. In this submission, he proposes to prospectively study the 
development and course of coagulopathy and multiple organ failure after repair of RAAA, a 
poorly understood and researched topic. The understanding and management of these 
complications is largely borrowed from studies in similar but different populations including 
polytrauma and sepsis.  

The second portion of his proposal is even more germane to current concerns. It is becoming 
more and more clear that quality of life and functional status play a large role in assessment 
of patient recovery after a procedure. Dr. Liang proposes to study more patient-centric 
measures of recovery including functional status and a new measure: hospital-free and 
facility-free days. This will provide a realistic and more descriptive view of what patients can 
expect over and beyond that provided by simple mortality figures alone. 

His proposed study is a natural fit with our institution given our status as a high-volume 
quaternary vascular referral center for vascular emergencies, and the history of robust 
emergency resuscitation research within our Department of Surgery. I am prepared to provide 
all resources necessary from the Division of Vascular Surgery for Dr. Liang to succeed in his 
research and wholeheartedly support this proposal. 

Sincerely, 

Michel S. Makaroun, M.D. 
Marshall W. Webster M.D. Chair in Vascular Surgery 
Co-Director, UPMC Heart and Vascular Institute 
Professor of Surgery and Clinical Translational Science, University of Pittsburgh 
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