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ABSTRACT 

Background 

Lung transplant is the fastest growing solid organ transplant procedure and venous 

thromboembolism has been described to occur in 8-29% of cases. This is much higher than any 

other solid organ and the exact incidence has yet to be determined. Risk factors for the 

development of venous thromboembolic disease (VTE) specific to lung transplant are not fully 

understood.  

Purpose 

The purpose of this research was to describe the incidence and risk factors for VTE 

disease during the first year following lung transplant at a busy transplant center in the 

Southwest United States. 

Methods 

A descriptive retrospective study design was used. Virchow’s triad was used as a 

theoretical model to identify selected variables common to lung transplant in an effort to 

understand possible risk factors for the development of VTE in this patient population. 

Consecutive lung transplant cases between June 1, 2013 and May 31, 2014 at St. Joseph's 

Medical Center in Phoenix, Arizona were retrospectively reviewed and followed for exactly one 

year following the lung transplant date. Demographic variables, Virchow’s triad variables, and 

variables previously identified in the literature as being risk factors for VTE were collected and 

analyzed using descriptive, frequency, t-test, chi-square, and logistic regression. 
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Results 

The incidence of VTE in this patient population was 25.8% and is consistent with 

findings from previous studies. Using the constructs of Virchow’s triad did not yield any 

statistically significant predictors for VTE in this patient population. However, lung allocation 

score (LAS) (OR 1.109, CI 1.038 – 1.185), body mass index (BMI) (OR 1.362, CI 1.034 – 

1.794), and time on the waitlist (OR 1.094, CI 1.023 – 1.171) did reach statistical significance as 

possible predictors for VTE following lung transplant in this patient sample. 

Conclusions 

VTE is a common complication of lung transplant that has a high incidence during the 

first year following lung transplant. This study did identify LAS, BMI, and time on the waitlist 

as being possible risk factors for the development of VTE following lung transplant. LAS may 

be a useful surrogate to determine the risk for VTE in this population.  
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CHAPTER 1: INTRODUCTION 

Background 

Venous thromboembolism (VTE) is a disease that includes both deep vein thrombosis 

(DVT) and pulmonary embolism (PE); and is a major public health concern that is associated 

with significant morbidity and mortality (Beckman, Hooper, Critchley, & Ortel, 2010; Walter, 

Moores, & Jimenez, 2014). Beckman et al., (2010) assessed the epidemiology of VTE in the 

Unites States. Although there is no national surveillance mechanism for VTE, estimates for the 

incidence of VTE are between 1 and 2 per 1000 of the population or 300,000 to 600,000 cases 

annually. VTE occurs across all ages, races, and ethnicities, and the range of incidence is 1 in 

100,000 in the young but increases to 1 in 100 in those greater than 80 years old. In addition, the 

overall incidence of VTE is underreported, and despite lack of specific definitions of the 

financial burden of VTE, Beckman et al. estimate costs to be between $2 billion and $10 billion 

annually. 

VTE occurs at a high rate in lung transplant recipients (Lyu & Zamora, 2009) and is 

associated with worse post-transplant survival (Lingaraju et al., 2010). VTE is a common 

complication of lung transplant and has a reported incidence of 8 to 29% (Ahmad, Shlobin, & 

Nathan, 2011; Kahn, Petersen, Gaughan, & Criner, 2007; Krivokuca et al., 2011; Yegen et al., 

2007). The first evaluation of VTE in lung transplant happened as recently as 1995 in a study 

revealing an incidence of 12.1%, highlighting an increased mortality, risk factors, and need for 

comprehensive prophylaxis prevention protocols (Kroshus, Kshettry, Hertz, & Bolman, 1995). 

Nathan et al., (2003) identified those patients with Idiopathic Pulmonary Fibrosis (IPF) having 

an increased incidence (27%) in the development of PE following lung transplant compared to 
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(0%) in all other patient subgroups in their series. Burns and Iacono (2004), in a post mortem 

study found a 27% incidence of PE as a complication of lung transplant. Another study found an 

incidence of 8.6% in which all of those patients had a hypercoagulable state as evidenced by 

elevated coagulation factors or a positive antiphospholipid antibody (Izbicki, Bairey, Shirit, 

Lahav, & Kramer, 2006). Most recently, Yegen et al., (2007) found a 22% incidence and Khan et 

al., (2007) found VTE in 29% of patients following lung transplant. 

Lung transplant is an effective treatment option for patients with end-stage lung disease. 

Lung transplantation is the fastest growing segment of solid organ transplants worldwide and the 

long-term median survival has remained relatively unchanged at 5.6 years (Todd, Christie, & 

Palmer, 2014). Many non-pulmonary complications of lung transplant affect long-term survival 

including VTE (Lyu & Zamora, 2009). A paucity of data exists on the exact incidence of 

thromboembolic disease and associated risk factors for patients after lung transplant.  

Local Problem 

The Essentials of Doctoral Education for Advanced Nursing Practice is a document 

established by the American Association of Colleges of Nursing that sets forth eight tenets 

necessary for an advanced practice nurse to gain mastery in order to achieve a Doctor of Nursing 

Practice degree (AACN, 2006). The primary investigator of this research proposal has 

demonstrated evidence of mastery of several of the tenets by identifying an appropriate DNP 

Project within his practice environment. The essentials that were utilized in the development of 

this proposal include; Essential II, Organizational and Systems Leadership for Quality 

Improvement and Systems Thinking; Essential III, Clinical Scholarship and Analytical Methods 
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for Evidence-Based Practice; and Essential VI, Interprofessional Collaboration for Improving 

Patient and Population Health Outcomes (AACN, 2006). 

The lung transplant program at Dignity Health St. Joseph’s Hospital and Medical Center 

performed its first transplant procedure in 2007 and has grown significantly in volume since 

then. A Lung Transplant Quality Committee tracks various measures including length of stay, 

days on ventilator, readmissions, and VTE, among others. This nurse practitioner, who sits on 

this committee, realized that the VTE matrix was not reflective of the true incidence of VTE in 

this patient population because it did not include those with the diagnosis of VTE made outside 

of the hospital setting. The transplant program serves many states regionally. Practitioners often 

diagnose and treat patients outside of this hospital including surrounding hospitals in and out of 

the state of Arizona where patients reside. These data are not included in the current VTE 

reporting matrix the Quality Council reviews. This nurse practitioner, because of knowledge and 

training, recognized this shortcoming and was able to utilize leadership and systems thinking to 

offer investigation into the problem, thus satisfying Essential II, Organizational and Systems 

Leadership for Quality Improvement and Systems Thinking by proposing this research project to 

address the incidence and risk factors for VTE in this patient population.  

It is critical to assess the evidence that exists after identifying a clinical problem. This 

nurse practitioner was able to satisfy Essential III, Clinical Scholarship and Analytical Methods 

for Evidence-Based Practice by participating in the weekly Journal Club presentations that the 

Norton Thoracic Institute Lung Transplant clinicians engage in. After presenting the research 

article by Kahn et al., (2007), it was apparent to the clinical team that there was a gap in 

knowledge that exists in what the actual incidence of VTE was at this institution and how it 



 
 
 

12

compared to the limited findings from the literature. Lung transplant has stagnant long-term 

survival rates worldwide and identifying opportunities to reduce the complications of 

comorbidities can reduce mortality and improve patient outcomes. This was an important clinical 

improvement opportunity to explore further and will open doors for future knowledge generation 

for the lung transplant community.  

A doctorally prepared nurse practitioner should focus on developing leadership skills to 

employ and develop evidence-based practice through collaboration. This requires mastery of 

application activities such as translation of research into practice, evaluation of practice, 

improvement in the reliability of health care practice and outcomes, and participation in 

collaborative research (AACN, 2006; DePalma & McGuire, 2005). The actions of this nurse 

practitioner developing this DNP Project in collaboration with institutional key decision makers 

and with the guidance of University of Arizona, College of Nursing Faculty, demonstrate 

mastery of Essential VI, Interprofessional Collaboration for Improving Patient and Population 

Health Outcomes. 

Setting 

Norton Thoracic Institute is a nationally recognized part of Dignity Health St. Joseph’s 

Hospital and Medical Center in Phoenix, Arizona specializing in the diagnosis and treatment of 

advanced esophageal, thoracic and lung diseases. The lung transplant program started in 2007 

and is now one of the largest and fastest growing centers in the United States with clinical 

outcomes that exceed national expectations according to the Scientific Registry of Transplant 

Recipients (SRTR) website (2015). The organization employs renowned thoracic surgeons, 
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transplant pulmonologists, psychiatrists, nurse practitioners, physician assistants, social workers, 

dietitians, pharmacists, nurses and therapists. 

Purpose 

The purpose of this DNP project was to describe the incidence and risk factors of venous 

thromboembolic disease for the first year following lung transplant in a cohort of patients from a 

large transplant center in the Southwest United States. 

Research Questions 

1. What are the demographic characteristics of this cohort of lung transplant recipients at 

Dignity Health St. Joseph’s Hospital and Medical Center? 

2. What is the incidence of VTE disease in this cohort of patients during the first year 

following lung transplant at Dignity Health St. Joseph’s Hospital and Medical Center in 

Phoenix, Arizona? 

3. What are the associated risk factors for the development of VTE disease in this cohort of 

patients? 
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CHAPTER 2: THEORETICAL FRAMEWORK 

Scientific Underpinnings 

Conceptual Framework 

Virchow’s triad describes the pathogenesis of thromboembolism formation. It includes 

three interrelated concepts of hypercoagulable state, venous stasis, and endothelial injury 

(Brashers, 2010). 

Rationale 

Reilly, in 1975 described a conceptual model as a highly abstract umbrella of related 

multidimensional concepts that provide a researcher the broad perspective in which to study 

phenomena within a specific context (Fawcett, 2009, p. 35). A conceptual framework for a DNP 

project is a group of concepts broadly defined, systematically organized to provide focus and 

rationale, and a tool for integration and interpretation of information (Moran, 2014, p. 127).  

There are many known causes or contributing factors for the development of VTE. VTE 

occurs at a greater rate after lung transplant compared to the rest of the population. A conceptual 

model can serve as the scientific underpinning that guides the study of the incidence of VTE 

within the post-lung transplant population and the associated risk factors by allowing the model 

to guide selection of variables within the context of lung transplant.  

The conceptual model for this project is Virchow’s triad, first described by Dr. Rudolf 

Carl Virchow in 1856 when he described the pathogenesis of venous thromboembolism. He was 

able to elucidate a triad of interrelated events or concepts that contribute to the formation of 

venous thromboembolism, which include a hypercoagulable state, venous stasis, and endothelia 

injury (Wolberg, Aleman, Leiderman, & Machlus, 2012).  
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Hypercoagulable State 

A hypercoagulable state can occur for many reasons, either inherited through genetics or 

acquired from transient factors. When the reason is genetics, there is a life-long risk for 

development of VTE. Inherited thrombophilias include disorders like Factor V Leiden Mutation, 

Protein C and S deficiencies, and Antithrombin deficiencies (Beckman et al., 2010). Other 

hypercoagulable states are acquired and transient and include chronic disease, older age, 

antiphospholipid antibodies, obesity, cancer, surgery, trauma, infection, immobility, oral 

contraceptives, and hospitalization (Beckman et al., 2010). A hypercoagulable state occurs when 

there is an imbalance between the pro and anticoagulant forces causing inhibition or activation of 

various steps of the intrinsic and extrinsic clotting cascade (Kroegel & Reissig, 2003). The 

complexity of transplant medical management presents many different opportunities for 

alterations in the hemostatic system of patients. The medication regimen includes certain 

medications like Sirolimus that produce a hypercoagulable state. Even interventions like 

anticoagulation with heparin during extracorporeal membrane oxygenation can cause depletions 

in Antithrombin III levels, Fibrinogen and von Willebrand factors, increasing a hypercoagulable 

state (Byrnes, Swearingen, Prodhan, Fiser, & Umesh, 2014). There is lack of knowledge 

surrounding hypercoagulability in lung transplant and the development of VTE. Virchow’s triad 

model guided selection of variables that are potentially putting this patient population at risk for 

development of VTE disease. 

Venous Stasis 

Venous stasis is an important component of the pathogenesis of VTE. Studies in spinal 

cord injury patients show that thrombus develops in deep venous sinuses of the calf and thigh 
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when blood flow is slow as in situations where there is physical inactivity such as in bedrest or 

air travel, or when the pumping action of large contracting muscles is impaired (Wolberg et al., 

2012). This occurs frequently in lung transplant patients because of surgery, limited mobility 

pre-operatively because of major deconditioning and limitations from their advanced lung 

disease preventing movement without major oxygen desaturations. Even after transplant, many 

patients have significant myopathies from medications like steroids, which impair their ability to 

mobilize adequately and place them at greater risk for venous stasis. Other factors that exist in 

this population that impair mobility are intubation with mechanical ventilation requiring 

sedation, or use of room confining oxygen delivery strategies like HiFlo nasal cannulas that do 

not allow mobility into the halls, the use of inhaled nitric oxide gas, or extra-corporeal membrane 

oxygenation (ECMO). This stasis or pooling of blood within the vascular system is thought to 

activate the coagulation system. Distension of the vessels can trigger endothelial injury, causing 

further activation of the coagulation system, which promotes a local hypercoagulable state 

(Wolberg et al., 2012).  

Endothelial Injury 

Vessel walls are lined with endothelial cells and injury or activation of these cells is a 

critical component to Virchow’s triad. These cells protect against injury, promote healing and 

blood fluidity (Kleinegris, ten Cate-Hoek, & ten Cate, 2012). Normal endothelium supports 

vasodilation, prevents adhesion and activation of platelets, inhibits the coagulation cascade while 

promoting fibrinolysis and anti-inflammatory processes, and therefore has antithrombotic and 

anti-inflammatory properties (Kleinegris at al., 2012). Any process whether it is mechanical, 

cytokine or extracellular matrix induced, can lead to expression of various proteins and can 
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activate the clotting cascade (Kleinegris et al., 2012). Because there are so many opportunities 

for endothelial injury and activation by means of surgical procedures, inflammatory states 

induced by infection or activation of the immune system; endothelial injury and activation were 

important aspects of consideration for variable selection in this investigation.  

Summary of Scientific Underpinnings 

In summary, venous thrombosis develops when there is blood stasis in the deep veins, in 

the setting of local or systemic hypercoagulability, and when vessel wall injury is present 

(Kroegel & Reissig, 2003). By using the tenets of Virchow’s triad, different variables for 

analysis specific to lung transplant patients were identified in an attempt to identify risk factors 

for the development of VTE in this patient population. For example, many different factors 

including the presence of genetic thrombophilias, surges and deficiencies in pro- and 

anticoagulant materials, which can be triggered by injury, infections and certain medications, are 

numerous in lung transplant. All of these variables can potentially influence the complex 

phenomenon of a hypercoagulable state. The Virchow’s triad conceptual model will serve to 

guide the selection of variables among transplant patients such as immunosuppression drugs, 

cardiopulmonary bypass, intubations, infections, renal dysfunction, liver dysfunction, debility, 

hospital length of stay (LOS), readmissions, prophylactic anticoagulation, central lines, and 

others as factors that contribute to the development of VTE. This conceptual model served not 

only to identify potential risk factors for the development of VTE but also aided in the analysis 

of the incidence of VTE in this patient sample.  
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VTE in Lung Transplant Literature Synthesis 

Search Methods 

PubMed, Cumulative Index of Nursing and Allied Health (CINAHL), Google Scholar, 

Embase, and Cochrane Library databases were searched using the key terms: deep vein 

thrombosis, pulmonary embolism, venous thromboembolism, lung transplant, complications of 

transplant, solid organ transplant, and Virchow’s triad, to identify all relevant articles. The search 

was expanded beyond 10 years because of the paucity of data on this subject as well as to include 

initial works done on this relatively new phenomenon under study. In addition to database 

searches, the reference lists of articles were scanned to identify articles appropriate to the content 

under investigation. Only primary sources were used in this review. 

Incidence of VTE in Lung Transplant 

Over 50 years have passed since Dr. James D. Hardy performed the first lung transplant 

from one human to another human on June 11, 1963 at University of Mississippi Medical Center. 

Lung transplantation is the fastest growing segment of solid organ transplants worldwide and the 

long-term median survival has remained relatively unchanged at 5.6 years (Todd et al., 2014). 

Many non-pulmonary complications of lung transplant affect long-term survival including VTE 

(Lyu & Zamora, 2009). VTE occurs in lung transplant although a paucity of data exists to report 

the true incidence of thromboembolic disease and associated risk factors for patients after lung 

transplant. 

This review finds only ten studies between 1995 and 2015 that describe the incidence of 

VTE after lung transplant occurring between 1.78% and 29% (Ahya et al., 2011; Garcia-Salcedo 

et al., 2011; Izbicki et al., 2006; Kahn et al., 2007; Kroshus et al., 1995; Lingaraju et al., 2010; 



 
 
 

19

Nathan et al., 2003; Yegen et al., 2007). All but one of the following studies was a retrospective 

study design.  

Kroshus and Kshettry (1995) were the first to describe the incidence and course of 

thromboembolism in patients following lung transplant. This retrospective analysis studied 116 

lung and heart-lung transplant recipients over a period of seven years and found that VTE 

occurred in 12.1% of their patients between 10 days and 36 months and those who developed PE 

had a high (43%) mortality rate (Kroshus et al., 1995).  

Nathan et al. (2003) went on to describe the predilection of PE in lung transplant among 

the various diagnosis subgroups. They found that patients with idiopathic pulmonary fibrosis 

(IPF) are at greater risk for development of PE compared to other lung diagnoses like Chronic 

Obstructive Pulmonary Disease (COPD) and Bronchiectasis and the incidence was high at 27%. 

All of those patients who developed PE in this retrospective review had IPF and a single lung 

transplant. Pulmonary embolism in patients with pulmonary fibrosis is thought to occur at a 

higher rate because of development of a hypercoagulable state by means of overexpression of 

tissue-factor, a major component of the extrinsic pathway of the clotting cascade (Sprunger et. 

al., 2012). Another study confirmed the risk of VTE in patients with IPF with single lung 

transplants. This group only looked at the development of PE in their cohort and found the 

incidence to be 1.78% (Garcia-Salcedo et al., 2011), which underestimates the true incidence of 

VTE disease in lung transplant, because it did not include DVT. This review found VTE to be 

associated with other diagnoses as well but these two studies align with the presumption of 

increased risk in this group of patients. 
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Several other researchers assessed the incidence of VTE but also looked at identifying 

specific factors associated with the development of VTE. Izbicki et al. (2006) set out to confirm 

the higher incidence of VTE in lung transplant and the presence of a hypercoagulable state. 

Among 70 patients who had a lung or heart-lung transplant, 8.6% developed VTE and all of 

those patients had at least two elements of a hypercoagulable state. Hypercoagulable factors 

included elevated fibrinogen levels, Factors VIII or IX, heterozygosity for 5 10-methylene 

tetrahydrofolate reductase, and Factor V-Leiden mutation. Protein C, protein S, and activated 

protein C resistance were normal in all patients. Another more recent retrospective cohort 

investigation found that the use of recombinant activated Factor VII was a risk factor for the 

development of VTE in their patient population with an incidence of 24.7% when this drug is 

used in the peri-operative period (Iuppa et al., 2013). This strongly supports the relationship 

between VTE development and alterations in the hemostatic system.  

Kahn et al. (2007) and Yegen et al. (2007) also looked at the incidence of VTE following 

lung transplant and found much higher and similar incidence rates at 29% and 22%, respectively. 

Both of these researchers also set out to identify risk factors for the development of VTE in their 

respective cohorts. Kahn et al. (2007) found length of stay beyond 30 days from time of surgery 

and cardiopulmonary bypass during time of surgery as statistically significant risk factors for 

development of VTE, (Hazzard Ratio [HR] 1.006, p= .036 and HR 1.91, p= .045) respectively. 

They also noted cardiopulmonary bypass during time of surgery alone as a predictor of VTE (HR 

1.929, p= .047). In multivariate analysis, Yegen et al., (2007) identified old age, diabetes, and 

date of transplant (RR 1.6, 95% CI 1.03-2.1, p= .03; RR 3.5, 95% CI 1.2-11, p= .03; RR 1.4, 

95% CI 1.03-1.9, p= .03) respectively, and age, pneumonia, and date of transplant (RR 1.7, 95% 
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CI 1.03-2.7, p= .04; RR 6.8, 95% CI 1.4-34, p= .02; RR 1.6, 95% CI 1.1-2.2, p= .01) as risk 

factors for the development of VTE in lung transplant. The univariate analysis did identify age, 

tacrolimus, and central venous catheter (RR, 1.5, 95% CI 1.01-2.1, p= .04; RR 7.9, 95% CI 0.98-

64, p= .05; RR 7.1; 95% CI 0.9-61, p= .05) respectively as risk factors for VTE. The high 

reported incidence of VTE in these two studies was more in line with a postmortem analysis of 

the incidence of PE in lung and heart-lung transplant patients, which is reported as 27%, 53% of 

which occurred within the first 30 days following surgery (Burns & Iacono, 2004). Although the 

incidence of PE was high, only 6.8% of the primary cause of death was attributed to PE (Burns et 

al., 2004). Another group also looked for predictors of VTE in lung transplant. Lingaraju et al. 

(2010) analyzed the effects of the use of Sirolimus, a common mammalian target of Rapamycin 

inhibitor (mTor) antirejection medication, on the incidence of VTE in lung transplant. His study 

found that the use of Sirolimus was more common in VTE (56.7% versus 24.4%, p < .001). In a 

follow-up study to the Lingaraju et al., (2010) study, Ahya et al., (2011) conducted the only 

prospective, multi-center, randomized, open-label trial studying VTE in lung transplant. They 

compared a Tacrolimus/Sirolimus/Prednisone based versus a Tacrolimus/Azathioprine/ 

Prednisone based immune suppression regimen on the incidence of VTE and found that there is a 

significantly higher rate of VTE in the Sirolimus regimen compared to the Azathioprine regimen 

(17.2% versus 3.2% respectively, HR 5.2, 95% CI 1.4 to 19.5, p = .01). Similar findings of 

increased risk of VTE in renal transplants are found when using this class of medication called 

mTor inhibitors. Baas et al., (2013) found that a similar mTor inhibitor, Everolimus, caused 

increased levels of von Willebrand factor, prothrombin factor 1+2, thrombin-activatable 

fibrinolysis inhibitor, and plasma activator inhibitor-1 compared to non-mTor based immune 
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suppression regimens leading to increased endothelial activation, thrombin formation, and 

impaired fibrinolysis in renal transplant recipients. This procoagulant state increases the risk of 

VTE development. 

Incidence of VTE in Other Solid Organ Transplants 

VTE occurs following other solid organ transplant procedures including heart, renal, and 

orthotopic liver transplantation. In recent analysis of each of these organ transplants, the sample 

size was significantly larger. The incidence of first VTE following renal transplant is 9.1% of 

538 patients followed over a period of 15 years (Poli et al., 2006). Alvarez-Alvarez et al. (2015) 

recently found 8.5% of 635 patients who developed 62 VTE episodes during a median time of 

2.6 years following heart transplantation. Finally, among 917 patients, there were 45 VTE 

diagnosed in 42 patients (4.58%) of liver transplant recipients during the first year following 

surgery (Salami et al., 2013). The incidence of VTE in lung transplant is higher than in other 

solid organ transplant and the reason for this is unknown. 

Pathogenesis of Thrombus and Virchow’s Triad 

Dr. Rudolf Carl Virchow first described the pathogenesis of VTE in 1856. He was able to 

elucidate a triad of interrelated events that contribute to the formation of venous thrombosis, 

known as Virchow’s triad and include hypercoagulability, venous stasis, and endothelial injury 

(Kumar, Hanlin, Glurich, Mazza, & Hale, 2010). Several recent research reviews use versions of 

Virchow’s triad to describe thrombus formation with an expanded focus on plasma components 

and hypercoagulability, endothelial function, and immunity activation as components of the 

pathogenesis of VTE.  
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Wolberg et al. (2012) set out to describe the procoagulant contributions of blood 

composition, endothelial function, and blood flow forces on hemostasis and bleeding. In their 

review, they describe certain vascular or endothelial cells including adhesion molecules and 

activated Tissue Factor (TF) that recruits the procoagulant proteins to create an environment for 

fibrin development. Extravascular TF concentrations play a role in hemostasis during endothelial 

injury. The Pro-inflammatory mediator bacterial lipopolysaccharides, and the cytokines 

interlukin-1 and tumor necrosis factor-α, increase thrombin generation and fibrin formation in 

endothelial cells. They also describe the heterogeneity of endothelial cell function throughout the 

vascular system and in turn describe how local endothelial function plays a role in thrombus 

formation as evidenced by systemic blood abnormalities without usually effecting both arterial 

and venous thrombosis formation simultaneously. They characterize blood flow using sheer 

stress and sheer rate. Venous stasis leads to decreased wall sheer stress, which reduces the 

expression of anti-inflammatory and anti-thrombotic proteins and increases the expression of 

adhesion molecules and TF. Sheer rate relates to blood flow under which thrombus is formed and 

less sheer rate as in the venous system during periods of stasis are less resistant to fibrinolysis 

(Wolberg et al., 2012).  

Reitsma et al. (2012) also describe VTE development using a mechanistic view and 

expand the Virchow triad model to include other factors like low oxygen tension and activation 

of the innate and acquired immune system as contributors for VTE development. They describe 

in their review that stasis in the deep veins induces lower oxygen tension, which upregulates 

various stress response genes and adhesion receptors within the endothelium and promotes a pro-

inflammatory state. This inflammatory state through a complex series of recruitment and 
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activation of mediators enhances the exposure of TF, a precursor to the activation of the extrinsic 

pathway of coagulation. Activation of the innate and acquired immune system by mechanisms 

like surgery, malignancies, chemotherapy, infection, and inflammatory disease will trigger 

monocytes, granulocytes, and the endothelial lining to form thrombus in susceptible local areas 

of the vascular system (Reitsma et al., 2012). Another emerging concept in the pathogenesis of 

VTE is microparticles (MP). These submicron vesicles are shed from component cells like 

leukocytes, platelet cells, and endothelial cells and contain the TF proteins, which are known to 

contribute to a hypercoagulable state and development of VTE. Reitsma et al. (2012) describe 

the high levels of MP-TF in patients undergoing cardiopulmonary bypass. These reviews 

highlight the complexities of hemostasis and thrombus formation, and in lung transplant, there 

are many opportunities for alterations in any of these systems. 

Quality of Evidence 

Of the ten articles used for this comprehensive review of literature, nine of the articles 

were non-experimental retrospective descriptive study designs. This is Level III for strength of 

evidence according the Johns Hopkins Nursing Evidence-Based Practice Rating Scale 

(Newhouse, Dearholt, Poe, Pugh, & White, 2007, p. 198). Level III is for non-experimental, 

qualitative, or meta-synthesis study designs (Newhouse et al., 2007, p. 198). The remaining 

study was an experimental randomized control study design and this type of design earns a Level 

I on the Johns Hopkins rating scheme. This investigator would rate the quality of the evidence of 

the Level III studies B. Level B is for reasonably consistent results, conclusions, and 

thoroughness of the research and methodologies (Newhouse et al., 2007, p. 198). Because this 

phenomenon described in lung transplant is still quite new and the total number of procedures 
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performed at any center is rather low, the use of retrospective data to identify the incidence and 

risk factors is appropriate. Each study was able to generate new knowledge that in the future can 

be amenable to more rigorous research methodologies. There is an apparent wide variation in the 

reported incidence rates among the studies. Although lung transplant procedures are the fastest 

growing transplant procedure, the overall number of procedures is still quite low in comparison 

to other solid organ transplant procedures. This may be one reason why there is such variation in 

the incidence rates. Most of the studies were single center studies where the number of 

procedures performed annually is low and therefore, it took many years of consecutive patients 

to reach a number suitable for analysis. There have been many advances in lung transplant with 

immunosuppression, patient selection, and post-operative management and it is possible that this 

could be a confounding reason for the disparity in reports. One experimental study was done as a 

follow up to some of the knowledge gained from these descriptive studies, particularly the 

evaluation of a Sirolimus based immune suppression regimen and the development of VTE in 

lung transplant. This demonstrates how descriptive studies are important in the research process 

as a starting point on which to build future research. The review of the pathogenesis of VTE is 

complex and a more robust review of the intricacies was beyond the scope of this project. No 

study exploring the incidence and risk factors for VTE in this review used any explicit 

theoretical framework to guide their inquiry. The benefits of this research proposal for the 

generation of new knowledge is that the proposed setting is one of the busiest lung transplant 

centers in the Southwestern United States, which transplants sicker and older patients compared 

to other centers around the country. This facilitated a cohort of patients similar in numbers to the 

other studies but in a time-period, that reflects a more homogeneous population in terms of 
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acuity, age, selection criteria, and patient management strategies. Furthermore, this was the first 

to use a pathophysiologic model as the guiding theoretical framework. 

Literature Summary 

There is a paucity of data on the incidence of and risk factors for the development of 

VTE in lung transplant. VTE occurs at a higher rate (8.6% to 29%) in lung transplant compared 

to other solid organ transplant procedures (4.6% to 12.1%). Virchow’s triad is a 

pathophysiologic model that identifies the complexities of the pathogenesis of VTE and is 

appropriate to guide research. 
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CHAPTER 3: METHODS 

Project Design 

There are many different research designs that are non-experimental that add great value 

to a body of research, particularly if the phenomena under study is not well defined or 

understood by the scientific community, like the incidence and risk factors for VTE in the post-

transplant population. Descriptive correlational research is well grounded in realism and has an 

inherent appeal to solve real world problems without scrutiny of artificiality (Polit & Beck, 2008, 

p. 277). Developing the correct study design at the inception is critical because it plays a role in 

contributing to scientific knowledge by how well it answers the proposed research questions 

(Polit & Beck, 2008, p. 249). Generalizability of knowledge is an important consideration for 

applying findings from research to individuals or groups outside of the actual research study and 

the practice environment, and is a main criterion for assessing the quality of research studies 

(Polit & Beck, 2008, p. 16). The gold standard for highly generalizable research is an 

experimental randomized controlled quantitative research design because the findings reveal the 

effects of an intervention on the phenomena under investigation and they are specifically 

measured (Polit & Beck, 2008, p. 263). Randomization and interventions are not always feasible 

in all research situations but this does not preclude other designs from generating high quality 

evidence about the phenomena under investigation. Descriptive research is a form of quantitative 

research that is a very appropriate research design, which can add significantly to the generation 

of new knowledge by describing relationships among variables instead of drawing inference of 

cause and effect (Polit & Beck, 2008, p. 275). Researchers using descriptive designs will 

observe, describe and document phenomena as they naturally occur in the environment, which 
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can lead to hypothesis generation and theory development (Polit & Beck, 2008, p. 274). In this 

case, establishing a true incidence, risk factors, and practice patterns will allow for further 

research and will challenge improvements to current practices by building on the research 

process.  

This research project employed a non-experimental retrospective descriptive research 

design. There were several important considerations made when choosing this type of research 

design and the rationale will follow. First, this is a quantitative research design. This differs from 

qualitative research, which sets out to describe phenomena in a rich holistic fashion through in-

depth narrative and flexible designs with the aim of understanding the human experience as it is 

lived (Polit & Beck, 2008, p. 17). On the contrary, quantitative research uses a more rigid plan of 

data gathering using numbers that are analyzed through statistical methods for interpretation 

(Polit & Beck, 2008, p. 16). In contrast to an experimental design, no interventions are applied 

and there is no randomization, which makes this research design non-experimental in form. A 

descriptive design for this research study is appropriate because as mentioned above, it sets out 

to describe and observe a particular area of interest where minimal information is known about 

the phenomena of interest and serves as a starting point for investigation. This is an important 

aspect of this research because the incidence of VTE and potential risk factors are described in 

limited fashion in the literature, they are not explicitly known within this defined patient 

population, more specifically in this practice setting. This design will be able to confirm, refute, 

or expand knowledge about VTE in lung transplant based on this sample. Research scientists and 

clinicians will be able to assess the relevancy of this sample compared to theirs and make 

informed decisions regarding application of the knowledge generated. Lastly, the retrospective 
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aspect of this design is appropriate because it allows investigators to evaluate a variable that 

exists in the present and link it to antecedents in the past (Polit & Beck, 2008, p. 272). 

Setting 

The setting for this study is The Norton Thoracic Institute, which is part of the Dignity 

Medical Group within Dignity Health St. Joseph’s Hospital and Medical Center in Phoenix, 

Arizona. Norton Thoracic Institute performed its first lung transplant in 2007, has become one of 

the fastest growing lung transplant centers and among the largest by volume in the United States 

(SRTR, 2015). All of the data analyzed in this research study was from patients who have had a 

transplant procedure at Dignity Health St. Joseph’s Hospital and Medical Center under the care 

of providers from Dignity Health Medical Group in Phoenix, Arizona. 

Participants 

Data for this research project came from all consecutive patients who had a lung 

transplant procedure during a 12-month period of time beginning on June 1, 2013 and ending 

May 31, 2014 at Dignity Health St. Joseph’s Hospital and Medical Center in Phoenix, Arizona. 

The reason for this period was that it would allow for analysis of similar numbers of transplant 

recipients compared to other research but with less opportunity for practice variation compared 

to the longer periods used in prior studies.  

Variable Selection 

Demographic Variables 

The objectives of selecting variables and collecting data from each lung transplant 

recipients electronic health record is to first, describe the patient population within this institution 

so that the findings of the analysis can be assessed by researchers and clinicians who use this 
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knowledge, to appropriately apply it to their own practice. This demographic information will 

describe, the ages of the transplant recipients, gender, race, underlying pulmonary diagnosis 

leading to transplant, lung allocation score (LAS) of the recipients, type of procedure, Body mass 

Index (BMI) at time of listing for transplant, average time on waiting list, average length of 

hospital stay, induction regimens, and the immune suppression regimen at initial discharge.  

VTE Variables 

Secondly, data relevant to the diagnosis of VTE were collected. The objective data 

evaluated and recorded include any radiographic duplex venous ultrasound that was interpreted 

with evidence of deep vein thrombosis in the lower extremity, upper extremity, neck or central 

veins by a hospital radiologist report or a chest computed tomographic angiogram that 

demonstrates pulmonary embolism. Any of these diagnostic modalities must have been present 

to be included in the recording of a VTE event.  

Virchow’s Triad Variables 

Next, Virchow’s triad was used to identify certain variables that fit within one of the 

constructs of that model, and analyzed for their association with the development of VTE in the 

lung transplant recipients. The goal of using this approach was to isolate specific variables in the 

care of the lung transplant recipient that may identify risk factors for the development of VTE in 

this population.  

There are three constructs of the Virchow’s triad, stasis, endothelial injury, and 

hypercoagulability. The following are variables that are relatively specific to the lung transplant 

population and have not previously been identified as risk factors for VTE in the general 

population.  
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Stasis. The first construct is stasis, which is defined as hemodynamic imbalance within 

the vasculature (Kroegel & Reissig, 2003). There are several variables identified as contributing 

to the amount of stasis that a person can experience after transplant. Impaired functional capacity 

pre-transplant often translates into prolonged recovery and diminished rehab potential. This can 

presumably place someone at risk for VTE. In this population, impaired functional capacity was 

measured using the six-minute walk test (6MWT) distance that is done as part of the pre-

transplant evaluation. The 6MWT is a simple and practical test that measures global and 

integrated responses of all of the systems engaged in exercise, including the pulmonary and 

cardiovascular systems, systemic circulation, peripheral circulation, blood, neuromuscular units, 

and muscle metabolism; and is a good measure of functional capacity (American Thoracic 

Society, 2002). The reasoning for this variable selection was that the shorter the distance in the 

6MWT the greater risk for stasis because of decreased activity due to functional impairment.  

Another proposed risk factor was the surgical treatment of two very common 

complications of lung transplant; the first is recurrent pleural effusions and the second is the 

treatment of gastro-esophageal reflux disease (GERD). Recurrent pleural effusions after 

transplant are often corrected with a video-assisted thoracic surgery (VATS) pleurodesis. VATS 

pleurodesis is a safe and effective procedure for treatment of recurrent pleural effusions and has 

good long-term control of dyspnea symptoms with low mortality (Barbetakis et al., 2010). This 

surgical procedure requires general anesthesia and typically several days of hospitalization. 

Surgery is a known risk factor for VTE (Beckman et al., 2010) but because this procedure occurs 

with relative frequency in this population, it is important to identify any correlation of VTE in 



 
 
 

32

lung transplant and this procedure, knowing that increased post-operative immobility and stasis 

do occur.  

Similarly, laparoscopic anti-reflux surgeries (LARS) for the treatment of GERD occur at 

a relatively high frequency following lung transplant in this patient population. There is a 

hypothesis to support the role of aspiration of gastro-esophageal contents that trigger a chronic 

inflammatory process in the allograft that leads to bronchiolitis obliterans syndrome (BOS), the 

chronic rejection that is most associated with mortality after lung transplant (Fisichella et al., 

2013). Again, this surgical procedure carries the known risk of VTE disease, but because it 

occurs with relative frequency, it is important to understand that role in VTE disease following 

lung transplant at this center. Not only is there an element of stasis due to immobility in the 

perioperative period, there is also an element of pro-inflammatory processes and immune system 

activation that leads to BOS. As described previously, activation of the immune system through 

inflammatory states like this can lead to activation of endothelial cells that can potentially 

promote the clotting cascade, which theoretically places this process within the context of one of 

Virchow’s constructs.  

Endothelial injury and hypercoagulability. Several different processes in lung 

transplant can trigger endothelial injury or activation. Two of these are mechanistic. First, the use 

of extracorporeal membrane oxygenation (ECMO) as a bridge to transplant or for a rescue 

strategy following transplant due to severe primary graft dysfunction (PGD) is gaining in utility 

and efficacy (Gulack, Hiriji, & Hartwig, 2014). Second is the use of cardiopulmonary bypass at 

the time of transplant. There are specific indications for cardiopulmonary bypass, for example, 

when pulmonary hypertension is the primary underlying diagnosis and when concomitant 
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cardiac repair is needed (Nagendran, Maruthappu, & Sugand, 2011). Both of these systems 

require cannulation of the vascular system. This mechanical manipulation of the vasculature 

leads to endothelial injury and activation and is definitively part of Virchow’s triad. It is not 

known with certainty how cardiopulmonary bypass can alter the hemostatic equilibrium. There is 

some evidence to suggest that a hypercoagulable state is more pronounced during off-pump lung 

transplantation compared to on-pump lung transplantation when compared to similar patients 

having coronary artery bypass surgery, linking low albumin and hemodilution of Protein C and S 

in the lung transplant population as culprits (Ruitenbeek et al., 2015).  

Cytomegalovirus (CMV) infections are a common concern post-transplant. Immune 

suppression regimens put these patients at risk for primary or reactivation infections. CMV can 

infect many different organ systems and cell types. Some of these cell types include those 

involved in the cardiovascular system including leukocytes and endothelial cells that in the 

setting of infection can lead to cellular adhesion molecule up-regulation and leukocyte and 

platelet adhesion, and cytokine release (Khoretonenko, Leskov, Jennings, Yurochko, & Stokes, 

2010). This research suggests that CMV infection produces a pro-inflammatory state, 

particularly in the setting of hypercholesterolemia, and leads to further inflammatory and 

thrombogenic response of the microvasculature (Khoretonenko et al., 2010). Therefore, CMV 

infections fits within the endothelial injury construct of Virchow’s triad. 

As previously described, activation of the innate and adaptive immune system by means 

of infection or inflammation could trigger activation of various cell types including the 

endothelial cells, which can promote thrombus formation (Reitsma et al., 2012). Acute allograft 

rejection occurs in up to 55% of lung transplant recipients during the first year (Martinu, Chen, 
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& Palmer, 2009). Two types of acute rejection occur in lung transplant, the first is acute cellular 

and the other is antibody-mediated rejection (Martinu, Chen, & Palmer, 2009). Acute cellular 

rejection is T cell mediated and causes a lymphocytic perivascular or peribronchiolar infiltration 

in the lung tissue (Martinu, Chen, & Palmer, 2009). Antibody mediated rejection is less well 

understood. Theories purport that there is a humoral response to the donor major 

histocompatibility complex (MHC) antigens and activation of the compliment system through 

activation of B-cells, which causes loss of graft function (Martinu, Chen, & Palmer, 2009). 

Although there is no current evidence to support the development of VTE disease in the setting 

of allograft rejection, there is a theoretical basis for investigation based on the construct of 

endothelial activation using Virchow’s triad.  

Finally, mTor inhibitors like Sirolimus have been reported to increase the incidence of 

VTE in lung transplant patients (Lingaraju et al., 2010). The exact mechanism is not well 

understood but within the context of Virchow’s triad, it may be related to endothelial activation. 

Sirolimus and other mTor inhibitors like Everolimus may be associated with thrombus formation 

by activation of endothelial cells by inducing expression of tissue factor through blocking 

mammalian target of Rapamycin receptors sites (Camici et al., 2010). Again, by using this 

Virchow’s triad, it facilitates further investigation of mTor inhibitors in the development of VTE 

disease in lung transplant recipients because it fits within the construct of hypercoagulable state.  

Operational Definitions 

Demographic Variables 

� Age: This was the age of the participant at the time of their transplant procedure.  

� Gender: Male or female 
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� Race: Caucasian, African-American, Native-American, or Hispanic and describes the 

diversity of this patient population. 

� Diagnosis/Indication: These were the primary underlying pulmonary diagnosis. These 

include Interstitial Lung Disease (ILD), Cystic Fibrosis (CF), Chronic Obstructive 

Pulmonary Disease (COPD), Pulmonary Vascular Disease, and Re-transplantation (Weill 

et al., 2015). 

� Lung allocation score (LAS): This is a multifactorial calculation of clinical data that 

describes illness severity and is intended to place the sickest patients with the best chance 

of survival at the top of the waiting list (Colvin-Adams et al., 2012) with scores ranging 

from 1-100.  

� Type of procedure: Left single lung transplant (LSLT), right single lung transplant 

(RSLT), or a double lung transplant (DLT). A notation was made to identify if the 

procedure was a re-transplant procedure or any adjunct procedure was done at the time of 

transplant, specifically cardiopulmonary bypass graft surgery (CABG). 

� Body mass index (BMI) at time of transplant: BMI is a simple calculation of weight-to-

height and is a commonly used index to classify underweight, normal weight, 

overweight, and obesity in adults (World Health Organization, 2015).  

� Number of days on the waiting list: Indicates the number of days between listing for 

transplant on UNOS and transplant date. 

� LOS during transplant admission: This was the total number of days of hospital 

admission during the transplant procedure.  
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� Induction: Induction chemotherapeutic agents are used at the time of transplant to 

suppress the recipient's immune system during the immediate post-operative period to 

minimize any early interaction of the recipient immune cells with the donor allograft 

antigens, and thereby minimizing early acute rejection (Bhorade & Stern, 2009). Options 

at this institution include Basiliximab, Rituximab, rabbit Anti-thymoglobulin, 

Intravenous immune globulin (IVIG), Plasma pheresis exchange (PLEX), or any 

combination. 

� Immune suppression regimen at time of initial discharge: The usual maintenance immune 

suppression regimen for this institution is Tacrolimus, Mycophenolate Mofetil and 

Prednisone, but other regimens are possible because of intolerance or other clinical 

reasons determined by the provider. Alternative medications include Azathioprine, 

Cyclosporine, Everolimus, or Sirolimus. This described the frequency of variation of 

initial immune suppression at discharge for this patient population.  

VTE Variables 

� VTE: Venous thromboembolism includes DVT and PE and is the dependent variable for 

this research project. A DVT was considered positive when there was partial or complete 

non-compression of deep veins of the upper or lower extremities as well as any thrombus 

identified in the neck and central veins confirmed from duplex venous ultrasonography 

confirmed by a hospital radiologists’ report. Loss of compressibility of the vein is the 

most reliable indicator of the presence of thrombus and color-flow Doppler is useful in 

diagnosing non-occlusive thrombus in more central veins where compression techniques 

are not possible (Gornik & Sharma, 2014). Compression ultrasonography is the standard 
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for diagnosing DVT (Gornik & Sharma, 2014). Pulmonary embolism was identified by 

chest computed tomographic angiogram and diagnosed by filling defects interpreted by 

the radiologist. If neither of the above conditions was present, VTE was recorded as not 

present. 

� VTE type: DVT or PE. This provided greater characterization and descriptive analysis of 

the data. 

� VTE location: DVT are described as occurring in upper extremity or lower extremity 

with laterality mentioned. PE was categorized as present or not. This provided greater 

characterization and descriptive analysis of the data. 

� Number of VTE events: This was the total number of any new VTE in any patient during 

the study period. 

� Number of days from transplant date to first VTE event: These data identified vulnerable 

periods of VTE development in this population. 

� Number of days from each VTE event: This was the number of days between the 

diagnoses of any new VTE beyond the first VTE event in any case with multiple VTE. 



 
 
 

38

Virchow’s Triad Variables 

� 6 minute walk test (6MWT): The 6MWT is a simple and practical test that measures global 

and integrated responses of all of the systems engaged in exercise, including the pulmonary 

and cardiovascular systems, systemic circulation, peripheral circulation, blood, 

neuromuscular units, and muscle metabolism; and is a good measure of functional capacity 

(American Thoracic Society, 2002). The maximum distance walked during this test was 

recorded for analysis. 

� Fundoplication: This is a safe and effective antireflux surgical procedure used to treat 

symptoms and complications of gastroesophageal reflux disease (Minjarez & Jobe, 

2006). This was recorded as ‘yes’ or ‘no’. 

� VATS pleurodesis: VATS pleurodesis is safe and effective procedure for treatment of 

recurrent pleural effusions and has good long-term control of dyspnea symptoms with 

low mortality (Barbetakis et al., 2010). This was recorded as ‘yes’ or ‘no’. 

� Extra-corporeal membrane oxygenation (ECMO): This is an external system that 

effectively replaces the lungs function of oxygenation and CO2 removal (Le Guen & 

Parquin, 2015) and is used as a bridge to transplant or for a rescue strategy following 

transplant due to severe primary graft dysfunction (Gulack, Hiriji, & Hartwig, 2014). 

This was recorded as ‘yes’ or ‘no’. 

� Cardiopulmonary bypass (CPB): This is a procedure that functions just as ECMO does 

by providing oxygenation and CO2 removal during cardiopulmonary surgery with the 

difference being shorter in duration and the requirement of central cannulation (Panjabi & 

Taylor, 2013). This was recorded as ‘yes’ or ‘no’. 
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� CMV viremia: Detection of CMV DNA by polymerase chain reaction of 2.7 or higher is 

evidence of CMV viremia and can cause CMV disease in various organ systems 

(Ljungman, Griffiths, and Paya, 2002). This was recorded as ‘yes’ or ‘no’. 

� Acute cellular rejection (ACR): Acute cellular rejection is T cell mediated and causes a 

lymphocytic perivascular or peribronchiolar infiltration in the lung tissue (Martinu, Chen, 

& Palmer, 2009). The grading system for perivascular rejection is A 0-4 and for 

peribronchioar is B 0-4. Any evidence of ACR of A1 or B1 and higher from a 

transbronchial biopsy and was recorded as ‘yes’ or ‘no’. 

� Antibody mediated rejection (AMR): A definition of AMR for this study was only with 

the presence of positive donor specific antibodies that result from a humoral response to 

the donor major histocompatibility complex (MHC) antigens and activation of the 

compliment system through activation of B-cells, which can causes loss of graft function 

(Martinu, Chen, & Palmer, 2009) was recorded as ‘yes’ or ‘no’. 

� Mammalian target of rapamycin (mTor) inhibitor: This class of immune suppression 

medications includes Sirolimus and Everolimus, and is used in solid organ transplant. 

They inhibit cell proliferation (MacDonald, 2007). This was recorded as ‘yes’ or ‘no’. 

Data Collection 

A list of all lung transplant recipients during the defined period was requested from the 

Norton Thoracic Institute, Transplant Administrator and was anticipated to be approximately 70 

cases. The electronic record from each lung transplant recipient was reviewed and specific data 

was collected and recorded in the approved data collection form (Appendix A). Most of the 

research suggests that VTE occurs most frequently within the first year following transplant 
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(Alvarez-Alvarez et al., 2015; Izbicki et al., 2006; Kahn et al., 2007; Lingaraju et al., 2010; Poli 

et al., 2006; Salami et al., 2013; Yegen et al., 2007). For this reason, data collected for lung 

transplant recipients were extracted and recorded for analysis for exactly one year from their 

respective transplant dates. This allowed the investigator to assess the total number of patients 

who have had a lung transplant procedure over a 12-month period; identifying the incidence of 

VTE in this sample. Gathering data in this manner allowed for retrospective descriptive and 

correlational statistical analysis. 

Tools for Data Collection 

A data collection form (Appendix A) was used for each individual case. A case number 

was given to each patient consecutively starting with number 1 until the last patient was 

reviewed during the defined time. The data collection form included all de-identified patient 

information and only data relevant to the analysis.  

Process for Data Collection 

Starting with case number 1, the data collection form (Appendix A) was filled out 

exhausting all identified resources available for data gathering. There were three sources 

available to extract data. The three sources consisted of Cerner, the electronic health record 

(EHR) that the hospital uses, Allscripts the medical office based EHR, which does not fully 

integrate and communicate with Cerner but does include patient clinical data within the study 

period, and Dominator the radiology patient archiving and communications system (PACS), 

which contains radiographic imaging and dictated reports of all radiographs within St. Joseph’s 

Medical Center during the study period. All collected research data were secured under lock and 

key within the Norton Thoracic Institute office of the investigator.  
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There was some overlap in the information available from each of the three sources of 

electronic health information. Cerner housed patient demographic information, transplant 

operative information, VTE data, comorbidities, and medications. This information was available 

for the initial transplant procedure as well as any readmissions for complications of transplant or 

other acute medical illnesses. There were several ways to sort information and each hospital 

encounter had the admission and discharge dates to ensure that it included data within the 

appropriate time. Allscripts, the outpatient electronic health record also included the same broad 

data as in Cerner but because the two systems do not fully integrate, the source information was 

different. Some of the data came from healthcare activities that were directed in the outpatient 

setting. There were records that were scanned into the system from outside facilities like 

physician practices, outside hospitals, and non-hospital laboratories. This information was 

important in that it allowed the investigator to capture the required data when they were not 

performed within Dignity Health St. Joseph’s Hospital and Medical Center. For example, 

patients may have been taken to the emergency room closest to their location whether it was in 

the greater metro Phoenix area or in a different state, for an acute illness and the diagnosis of 

VTE and their treatment would then be available for inclusion in this review. Finally, Dominator, 

the radiology PACS allowed for a quick search of each patient within a specific period of time 

that included both inpatient and outpatient radiology exams with their associated interpreted 

reports. Screening for Chest CT angiograms, Nuclear VQ scans, and duplex venous ultrasounds 

aided in quickly screening for diagnostic tests for VTE for each patient during the review period.  
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Data Analysis 

Statistical Tests 

PASW Statistics GradPack 23 Windows/MAC software (SPSS, 2009) was used for the 

statistical analysis. All of the demographic, VTE, and Virchow’s triad variables were analyzed 

first using descriptive and frequency statistics with categorical variables being reported using 

frequency and percentage and the continuous variables being reported using range, mean, and 

standard deviation. Next, t-test and chi-square statistics were performed on those with a VTE 

event and those without a VTE event to determine any statistically significant differences 

between groups. A t-test was performed on continuous variables and the chi-square test was 

employed when that variable was categorical. Next, those cases with a VTE event were analyzed 

using the VTE variables and reported using the same descriptive and frequency methods 

described above. Finally, logistic regression modeling was done using the enter method with 

VTE as the dependent variable and the Virchow’s triad variables as the independent variables. 

Additional logistic modeling using some of the demographic variables that were previously 

supported in the literature as having predictive significance for the development of VTE or based 

on clinical experience and suspicion for being a risk factor in this population was done and 

reported. The logistic regression was reported using Odds Ratio (OR) and 95% Confidence 

Interval (CI). 

Rationale for Statistics 

The type of statistical analysis was determined based on the specific study questions 

proposed and the type of variables collected. The following are the study questions with 

statistical methodologies used to answer those questions. 
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Research question 1. What were the demographic characteristics of this cohort of lung 

transplant recipients at Dignity Health St. Joseph’s Hospital and Medical Center? All of the 

demographic variables were analyzed using simple descriptive statistics like mean, median, 

mode, or frequency distributions. These types of statistics do not make inference about cause and 

effect rather they describe the data and the relationships among the variables (Polit & Beck, 

2008, p. 274). For example, this analysis described the mean age of recipients, the gender and 

distribution of race among recipients, the frequency distribution of primary lung diagnosis 

leading to transplant, as well as many other variables and provided a general description of the 

lung transplant recipients that made up this sample.  

Research question 2. What was the incidence of VTE disease in this cohort of patients 

during the first year following lung transplant at Dignity Health St. Joseph’s Hospital and 

Medical Center in Phoenix, Arizona? Incidence is defined as the rate at which certain events like 

the number of new cases of a disease occur during a specific time (O’Toole, 1992). The 

incidence was calculated by identifying the total number of recipients who developed any first 

VTE event divided by the total number of recipients in this cohort expressed as a percentage. 

Simple descriptive statistics of the other VTE variables collected provided additional information 

regarding the characteristics of those with VTE. For example, this analysis described the type of 

VTE, (DVT or PE) the frequency of multiple VTE events, the time to the development of VTE 

from transplant, and average number of days between subsequent VTE events.  

Research question 3. What were the associated risk factors for the development of VTE 

disease in this cohort of patients? Logistic regression is a statistical modeling technique that 

allows one to predict categorical outcomes based on multiple predictor variables (Field, 2009, p. 
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265). In this project, the dependent variable was VTE, present or not. This categorical variable is 

dichotomous. The independent variables identified though the Virchow’s triad theoretical model 

were both categorical and continuous. Logistic regression is the only regression model that 

satisfies the assumptions for variable types (Field, 2009, p. 265) and facilitated identification of 

antecedent risk factors for the development of VTE in this patient population.  

Ethical Considerations 

As healthcare scientists and clinicians, we embark upon research to gain a greater 

understanding of the world around us and if possible, generate new knowledge that benefits 

humankind. The Belmont Report (1979) is a foundational document that outlines three 

comprehensive ethical principles inherent in research involving human subjects that argues for 

justification of the use of human subjects in research (Belmont Report, 1979). This research 

project did not involve the use of human subjects and therefore, the tenets of the Belmont Report 

were maintained in this project. 

Despite this, all attempts were made to protect the privacy and confidentiality of the 

patient information. All information collected from the electronic health record was de-identified 

and only the information that was on the data collection form was collected. All of the data 

collection forms were kept under lock and key when not with the investigator.  

Internal Review Board 

Internal Review Boards (IRB) are unbiased groups within an organization where research 

is conducted or oversee research activities of groups or individuals, and exist to provide impartial 

assessments of research proposals in order to protect human subjects from any unnecessary risks 

from participation in research studies (Foreman & Johnson-Zerwic, 2009, p. 408). There are 
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rigid guidelines established by each IRB to conform to ethical principles most of which are based 

on the Belmont Report (1979).  

There are three levels of review, exempt, expedited, and full review. An IRB application 

was filled out and submitted to Dignity Health St. Joseph’s Hospital and Medical Center IRB 

according to their guidelines. A copy of the IRB approval letter from Dignity Health St. Joseph’s 

Hospital and Medical Center IRB was included in Appendix B. This DNP research project was 

conducted as part of fulfillment of the degree of Doctor of Nursing Practice from The University 

of Arizona, College of Nursing. The University of Arizona also has an IRB for research activities 

conducted by students of the University. A letter for request of deferral of IRB oversight through 

The University of Arizona IRB was submitted and granted following approval from Dignity 

Health St. Joseph’s Hospital and Medical Center. A copy of that approval letter was also 

included in Appendix C.  
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CHAPTER 4: RESULTS 

This chapter describes the results of this retrospective chart review, which set out to 

describe the incidence and risk factors for the development of VTE disease for the first year 

following lung transplant. Statistical analysis of the data collected from 66 consecutive patients 

who were transplanted between June 1, 2013 and May 31, 2014 at Dignity Health St. Joseph’s 

Hospital and Medical Center was done to answer the specific research questions proposed by the 

primary investigator.  

Demographic Characteristics 

The group was predominantly Caucasian, n=55 (83.3%), males n=43 (65.2%). The 

primary indication for lung transplant was Pulmonary Fibrosis, n=30 (45.5%), and COPD, n=25 

(37.9%) with the most common type of procedure being a bilateral double lung transplant, n=55 

(83.3%). The majority of cases were given Simulect for induction, n=47 (71.2%) and were 

discharged on a maintenance immune suppression regimen of Prednisone, Tacrolimus, and 

Mycophenolate Mofetil, n=62 (93.3%). During the first year following transplant, 11 (16.7%) of 

all cases had a fundoplication, 14 (21.1%) had a VATS pleurodesis, five (7.6%) required ECMO 

either as a bridge to transplant or immediately post operatively, 16 (24.2%) required CPB, nine 

(13.6%) developed a CMV viremia, 20 (30.3%) were diagnosed by transbronchial tissue biopsy 

with ACR, 10 (15.2%) had AMR, and 14 (21.1%) were started on a mTor inhibitor at some time 

during the first year following transplant. (Table 1.) 

The average ages of the recipients were 61.11 + 11.13 years. The range of LAS scores 

was 29.59 – 95.11 with a mean score of 48.81 + 22.96. The mean BMI was 25.83 + 3.8. The 

range of number of days on the waitlist before transplant was 0 - 92 with a mean of 13.15 + 
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14.14 days. The range of length of stay in the hospital during the transplant procedure was 7 – 

123 with a mean of 24.61 + 21.54 days. The average pre-operative 6MWT distance was 717.83 + 

431.2 feet. (Table 2.) 

Incidence 

VTE occurred in 17 of the 66 cases for an incidence of 25.8% for this group of patients. 

(Table 3.) 

Characteristics of Those with VTE 

There were 13 (76.5%) DVTs, two (11.8%) pulmonary embolisms, and two cases 

(11.8%) with both DVT and pulmonary embolism. The most frequent location of the VTE event 

was a unilateral lower extremity DVT n=12, (70.5%). VTE developed between 7 - 296 days 

following the date of transplant with an average time of 17 days from the date of transplant to 

first VTE event. (Table 3.) There were three (17.6%) cases that developed more than one VTE 

event with two who developed two VTE events and one who developed five VTE events. Of the 

three cases that developed multiple VTE events, all of the VTE events happened within 150 days 

of transplant. 

Comparison of VTE and Non-VTE Group 

The variables that describe those with VTE and those without VTE in this study are 

presented using according to their variable type below. The continuous variables are described 

first followed by the categorical variables. 

There were no statistical differences between the VTE and the non-VTE group for the 

continuous variables except for BMI (27.70 vs. 25.19, t = -2.49(64), p = .018). LAS approached 



 
 
 

48

statistical difference between those with VTE and those without VTE (59.06 vs 45.25, t = -

1.91(64), p = .068) (Table 4). 

There were no statistical differences between the VTE and the non-VTE group for the 

categorical variables using the chi-square statistic (Table 5). 

Logistical Regression 

Logistic regression resulted in none of the Virchow’s triad independent variables 

reaching statistical significance for evidence as predictors for the development of VTE in this 

patient sample. Further analysis of selected variables that have previously been supported in the 

literature as having evidence of being a predictor of VTE in the lung transplant recipients or 

suspected based on clinical experience reflected LAS (OR 1.109, CI 1.038 – 1.185, p = .002), 

BMI (OR 1.362, CI 1.034 – 1.794, p = .028), and waitlist (OR 1.094, CI 1.023 – 1.171, p = .009) 

as statistically significant for evidence of being a risk factor for the development of VTE in lung 

transplant recipients in this patient sample (Table 6). 

TABLE 1. Frequency Table of Characteristics of All Cases. 

Categorical Variables Frequency Percent 

Gender 
 Male 
 Female 

 
43 
23 

 
65.2 
34.8 

Race 
 Caucasian 
 African-American 
 Hispanic 

 
55 
3 
8 

 
83.3 
4.5 

12.1 

Diagnosis 
 COPD 
 Pulmonary fibrosis 
 Cystic fibrosis 
 Bronchiectasis 
 PAH 
 BOS 
 Langerhans cell histiocytosis 
 CPFE 

 
25 
30 
1 
1 
2 
4 
1 
2 

 
37.9 
45.5 
1.5 
1.5 
3 

6.1 
1.5 
3 
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TABLE 1. - Continued 

Procedure 
 Double lung 
 Left single lung 
 Right single lung 
 Redo double lung 
 Combined double lung with CABG 

 
55 
1 
4 
4 
2 

 
83.3 
1.5 
6.1 
6.1 
3 

Induction 
 Simulect 
 Simulect and IVIG 
 Rituxan and IVIG 
 Rituxan, IVIG and PLEX 

 
47 
2 

13 
4 

 
71.2 

3 
19.7 
6.1 

Immune suppression  
 Pred/Tac/MMF 
 Pred/Cyclo/MMF 
 Pred/Tac 
 Pred/MMF 

 
62 
2 
1 
1 

 
93.9 

3 
1.5 
1.5 

Fundoplication 11 16.7 
VATS pleurodesis 14 21.2 
ECMO 5 7.6 
CPB 16 24.2 
CMV 9 13.6 
ACR 20 30.3 
AMR 10 15.2 

mTor 14 21.2 

Note. COPD= Chronic Obstructive Pulmonary Disease; PAH= Pulmonary arterial hypertension; BOS= Bronchiolitis 
obliterans syndrome; CPFE= Combined pulmonary fibrosis and emphysema; IVIG= Intravenous immunoglobulin; 
PLEX= Plasma pheresis; Pred= Prednisone; Tac= Tacrolimus; MMF= Mycophenolate Mofetil; Cyclo= 
Cyclosporine; CABG= Coronary artery bypass graft surgery; VATS= Video-assisted thorascopic surgery; ECMO= 
Extra-corporeal membrane oxygenation; CPB= Coronary artery bypass; ACR=Acute cellular rejection; AMR= 
Antibody mediated rejection; mTor= Mammalian target of rapamycin inhibitor.  
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TABLE 2. Descriptive Table of Characteristics of All Cases. 

Continuous Variables Range M SD 

Age 18 – 74 61.11 11.13 
LAS 29.59 – 95.11 48.81 22.96 
BMI 18 – 33 25.83 3.80 
Waitlist 0 – 92 13.15 14.14 
LOS 7 – 123 24.61 21.54 
6MWT distance 0 - 1618 717.83 431.20 

Note. M = Mean; SD = Standard Deviation; LAS = Lung acquisition score; BMI = Body mass index; Waitlist = 
number of days on the waitlist before transplant; LOS = Length of hospital stay; 6MWT distance = Distance 
ambulated during pre-operative 6 minute walk test. 

 

TABLE 3. Frequency and Descriptive Characteristics of Those with VTE. 

 Frequency Percent 

VTE 
 Present 
 Absent 

 
17 
49 

 
25.8 
74.2 

VTE type 
 DVT 
 PE 
 DVT and PE 

 
13 
2 
2 

 
76.5 
11.8 
11.8 

VTE location 
 Unilateral LE 

 Bilateral LE 
 Unilateral PA 

 Bilateral PA 
 Bilateral LE DVT and bilateral PA 
 Unilateral UE and LE DVT and bilateral PA 

 
12 
1 
1 
1 
1 
 

1 

 
70.5 
5.9 
5.9 
5.9 
5.9 

 
5.9 

Days from transplant to VTE *7 - 296 **17 

Note. LE = Lower extremity; PA = Pulmonary artery  
* = range of days from transplant to first VTE; ** = average number of days from transplant to first VTE. 
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TABLE 4. T-test of Continuous Variables Comparing Those with VTE and Those without VTE. 

Continuous Variable M t-test 

Age 
 With VTE 
 Without VTE 

 
62.71 
60.55 

- .685* 

LAS 
 With VTE 
 Without VTE 

 
59.06 
45.25 

- 1.914* 

BMI 
 With VTE 
 Without VTE 

 
27.70 
25.19 

- 2.429** 

Waitlist 
 With VTE 
 Without VTE 

 
18.24 
11.39 

- 1.188* 

LOS 
 With VTE 
 Without VTE 

 
27.76 
23.51 

- .699* 

6MWT distance 
 With VTE 
 Without VTE 

 
778.41 
696.82 

- .669* 

Note. LAS= Lung acquisition score; BMI= Body mass index; Waitlist= Number of days on the waitlist before 
transplant; LOS= Length of hospital stay during transplant period; 6MWTD= Distance ambulated during pre-
operative 6 minute walk test. 
* = Non-significant; ** = p < .05. 
 

TABLE 5. Chi-square Test of Categorical Variables Comparing Those with VTE and Those 

without VTE. 

Categorical Variable X2* df 

Gender .002 1 
Race .095 2 
Diagnosis 9.93 7 
Procedure 5.17 4 
Immune suppression  6.54 3 
Induction 4.01 3 
Fundoplication .396 1 
VATS pleurodesis .174 1 
ECMO .574 1 
CPB .333 1 
CMV .068 1 
ACR .270 1 
AMR .111 1 
Note. X2* = All test statistics are non-significant. 
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TABLE 6. Logistic Regression of Virchow’s Triad Variables and Variables Previously 

Supported in the Literature. 

Predictor Variables OR CI  

6MWT distance 1.001 [.998, 1.003] 
Fundoplication 1.006 [.083, 12.127] 
VATS pleurodesis 1.008 [.155, 6.540] 
ECMO .443 [.034, 5.771] 
CPB 11.792 [.499, 278.590] 
CMV 3.168 [.151, 66.506] 
ACR .202 [.026, 1.566] 
AMR  .145 [.015, 1.436] 
mTor .381 [.049, 2.939] 
Age 1.093 [.979, 1.221] 
LAS 1.109* [1.038, 1.185] 
BMI 1.362* [1.034, 1.794] 
Waitlist 1.094* [1.023, 1.171] 
LOS 1.013 [.977, 1.051] 

Note. OR = Odds Ratio; CI = Confidence Interval. 
* p < .05. 
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CHAPTER 5: DISCUSSION 

This chapter will discuss the findings of this research within the context of existing 

literature and propose explanations to the similarities and differences therein. It will discuss the 

new knowledge gained from this research along with remaining gaps in knowledge that exist. 

Finally, it will describe the implications to clinical practice, limitations of the study, and offer 

future opportunities of research. 

Incidence of VTE 

There have been few investigations into the incidence and risk factors for the 

development of VTE disease following lung transplant. This research adds to the body of 

evidence that supports the assumption that VTE is a common complication of lung transplant 

that occurs at a high rate. Previous research suggests that VTE occurs in 8-29% of patients 

following lung transplant (Ahmad et al., 2011; Kahn et al., (2007); Krivokuca et al., 2011; Yegen 

et al., 2007). The incidence identified in this research study is 25.8%, which supports previous 

findings. The rate for VTE following lung transplant in this sample is on the higher side of the 

range. 

This study looked specifically at the incidence during the first year. Kroshus et al. (1995) 

who found a 12.1% incidence of VTE in 116 patients over 7.5 years found the development of 

VTE to occur between 10 days and 36 months. They also included lung and heart-lung transplant 

procedures, and used V-Q scanning with traditional pulmonary angiography for confirmation of 

PE as the diagnostic methodology which could underestimate the true incidence compared to 

using more conventional computed tomography angiography that has greater sensitivity and 

specificity (Anderson & Barnes, 2009). Izbicki et al. (2006) found only 8.6% incidence of VTE 
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in their study, which occurred between three months and 24 months. In addition, the majority of 

their procedures were single lung transplants (71%) compared to only 7.6% of single lung 

transplant procedures that occurred in this study. Similarly, Nathan et al. (2003) looked at over 

five years of cases to achieve a sample size of 72 and found a 27% incidence but only looked for 

PE. This likely underestimates the incidence of VTE disease in their sample population because 

DVT was not evaluated as was done in this study. Interestingly, all of the cases of PE in that 

study had a single lung transplant. Khan et al. (2007), whose incidence was 29%, followed 

patients for 12 years and reflects a lifetime incidence rate although he too found that the majority 

of VTE events occur within the first month to three months post-operatively. They too did more 

single lung transplant procedures than was done in this study as well as transplanting far fewer 

patients with pulmonary fibrosis (17%) compared to this study (45.5%). Their LOS was slightly 

longer at 31.5 days compared to this study's 24.6 days and their CBP (38%) use was more (24%). 

Finally, Yegen et al., 2007 found a 22% incidence of VTE in 121 cases over four years. The 

median time to a VTE event was 47 days with 89% of their events occurring within the first year 

(Yegen et al., 2007). The frequency of ACR (19%) and CMV (4%) was lower in their sample 

compared to this study's sample (30% and 13.6%) respectively. The chances of any of the 

patients from this study developing a new or recurrent VTE event beyond one year would only 

raise the overall incidence rate if the methodologies in this study were similar to those of Kahn 

(2007), for example. The variation in incidence rates of the other studies may be because they all 

evaluated incidence over different times or did not include DVT in their analysis. This study 

confirms that the incidence of VTE is very high during the first year and the lifetime incidence of 

VTE following lung transplant in this sample may be much higher than previously reported. 
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Predictors of VTE 

Specific predictors for the development of VTE following lung transplant have been 

explored. Gender, LOS, CPB, pulmonary fibrosis, hypercoagulable state, pneumonia, diabetes, 

central venous catheters, and mTor inhibitor drugs (Izbicki et al., 2006; Khan et al., 2007; 

Nathan et al., 2003; Yegen et al., 2007) have all been implicated as potential risk factors for the 

development of VTE disease in this patient population but confirmation is lacking. This study 

adds to the evidence for antecedents for the development of VTE in this patient population but 

the question of specific risk factors remains. This research study used Virchow’s triad to explore 

whether variables theorized as being causes of thrombosis were predictors of VTE in this patient 

population. Despite the lack of association between Virchow’s triad construct and the 

development of VTE in this sample, developing methodologies of investigation based on 

theoretical models like this can enhance future studies and improve the quality of and strength of 

new knowledge because of the theoretical foundation (Moran, 2014, p 127). 

Comparison of Findings to Existing Research Findings 

Using Virchow’s triad as a theoretical model to explore antecedents to VTE in this 

patient population may further enhance our understanding of VTE development in lung 

transplantation. Kroshus et al., (1995) in the first study on this phenomena discussed the 

importance of identification of both acquired and inherited elements of Virchow’s triad and 

instituting early screening, diagnosis and treatment to minimize the adverse effects of this 

potentially fatal disease. 

There is a complex interplay between each of the Virchow’s triad constructs where 

alterations in one construct influences the procoagulant activities of the other (Wolberg et al, 
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2012). This study chose 6MWT distance, fundoplication, and VATS pleurodesis as part of the 

stasis construct of that model. None of these variables reached statistical significance as a 

potential predictor of VTE in this patient sample. Although those with VTE were able to 

ambulate slightly further on a 6MWT, 778.4 vs. 717.8 feet, the difference did not reach statistical 

significance. Nor did VATS pleurodesis or fundoplication increase the likelihood despite surgery 

being a well-established risk factor for VTE in the general population. Yegen et al., 2007, found 

that a majority of patients did have mechanical ventilation three months before their VTE event 

but that it did not prove to be a risk factor for VTE and the mechanical ventilation was usually 

the transplant procedure itself.  

ECMO and CPB cannulation manipulates the integrity of the vascular system and results 

in a systemic inflammatory response that creates imbalances in the pro and anticoagulants forces 

within the blood vessels (Punjabi & Taylor, 2013). Again, this study did not demonstrate any 

statistically significant precursor to VTE in this patient sample using these individual variables 

but CPB did occur in 16 of 66 (24.2%) cases overall and 5 of 17 (29.4%) cases in the VTE 

group. Similarly ECMO was used in a larger percentage in the VTE group compared to the 

group as a whole [2 of 17 (11.8%) vs 5 of 66 (7.5%)] respectively. 

The CMV, ACR, AMR, and mTor variables also did not reach significance in the 

logistical regression modeling. The number of cases may not be large enough to identify 

statistically significant findings. For example, of all of the cases who had a VTE event, only 1 of 

17 had a CMV viremia or mTor before the VTE event, 2 of 17 had AMR, and 3 of 17 had ACR 

preceding their VTE events. This leaves these variables open to further investigation, particularly 

because some of them like CMV and mTor are already implicated as risk factors in other studies 
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(Khoretonenko et al., 2010; Lingaraju et al, 2010). The study that implicated Sirolimus as a risk 

factor for VTE had dissimilar patient characteristics when compared to this patient sample. For 

example, Lingaraju et al., 2010 excluded patients who did not live beyond three months because 

of the risk of using Sirolimus in that early post-operative period for anastomotic dehiscence. 

Secondly, they included heart and lung recipients as well as one liver recipient. The use of 

Sirolimus was used at some point in 24.1% of his patients (Lingaraju et al., 2010). Sirolimus and 

Everolimus are both mTor inhibitors and the preference at this center were for Everolimus and 

21.1% of patients were given either mTor at some point in the first year in this study. This center 

uses CMV prophylaxis with Valgancyclovir on all patients immediately following surgery for an 

indefinite duration. It is unclear if this practice was similar to the other studies and may be a 

reason for the difference in not detecting CMV viremia as a risk factor for VTE in this sample.  

New Knowledge Gained 

In this study, a higher BMI (OR 1.362, CI 1.034-1.794) was a potential risk factor for 

development of VTE. BMI was not identified as a risk factor in previous studies evaluating this 

population. Interestingly, the mean BMI in this study was 25.83, well below the relative 

contraindications for transplant according to the International Society of Heart and Lung 

Transplant (ISHLT) guidelines of BMI of 35 (Weill et al., 2015). Although this variable was not 

explicitly included as a predictor using Virchow’s triad in this study, it does fit within the 

construct. For example, obese individuals tend to have increased levels of factors VIII and IX, 

procoagulant forces that can contribute to hypercoagulability and thrombus development 

(Esmon, 2009).  
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This study also found waitlist time (OR 1.094, CI 1.023 – 1.171, p = .009) and LAS (OR 

1.109, CI 1.038-1.185) to be risk factors for the development of VTE. Both of these variables 

have not been previously studied. The LAS scoring system was implemented in 2005 and 

allowed for older and sicker patients to be transplanted without altering one year survival 

(Maxwell et al., 2014). Because many of the studies on VTE to date used samples of patients 

before implementation of this LAS system, it was not previously analyzed. Interpretation of the 

waitlist time as a predictor in this study should be made with caution because waitlist times 

between centers vary significantly for a variety of reasons (SRTR, 2016).  

Implications to Clinical Practice 

An important insight gleaned from this analysis is the significance of LAS as a potential 

risk factor for VTE in lung transplant. LAS is a severity of illness score that considers life 

expectancy for one year without a transplant versus the life expectancy for one year following a 

lung transplant based on specific characteristics. These characteristics include; age, diagnosis, 

bilirubin, BMI, diabetes, New York Heart Association (NYHA) classification, forced-vital-

capacity (FVC), pulmonary arterial pressures, pulmonary capillary wedge pressure, oxygen 

requirements, carbon dioxide levels, 6MWT, and serum creatinine (United Network of Organ 

Sharing, 2015). It is reasonable to assume by using the Virchow’s triad model, that the LAS is a 

good surrogate to stratify VTE risk following transplant. Future studies may yield valuable 

information using this as a marker either in sum or individually by characteristic to further our 

understanding of risk of VTE in this patient population. 
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Limitations 

One of the major limitations in this investigation was the small number of cases for 

review. One of the main reasons why more cases were not included in this review is because of 

the challenges that would be faced in gathering data from cases since the inception of the 

program in 2007. This hospital system implemented their electronic health record in May of 

2013. Prior to this, there was a blend of electronic and paper charting and the risk for not being 

able to extract all data sufficiently from those systems was high and could thereby compromise 

the analysis. One way to overcome this limitation would have been to perform a power analysis 

to determine the appropriate sample size needed to detect statistical significance (McHugh, 

2008). Then, if the projected number of cases for the defined period were insufficient to 

adequately power the study, adjustments to the implementation plan could have been made. 

Remaining Gaps in Knowledge 

Despite there being a wide range of reported incidence rates following lung transplant in 

the literature, there is consensus that the rate is high. There is a growing body of research 

emerging to identify risk factors specific to this population but as this study has demonstrated, a 

paucity of evidence exists. More research on this aspect of VTE in this patient population is 

needed so that new questions and areas of investigation may emerge. 

Future Areas of Research 

With respect to identification of risk factors for the development of VTE following lung 

transplant, investigation of LAS is one that may prove beneficial. The investigator of this study 

has seen the rapid growth in volume in lung transplantation at this center. There has also been a 

significant increase in the number of patients that are requiring ECMO support as a bridge to 
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transplant. Because ECMO increases the LAS score significantly, it is easy to assume that the 

patient population of this center has changed. There is clinical suspicion based on experience that 

patient with ECMO do have more thromboembolic events than this study reveals. There are 

opportunities for future research on the incidence, risk factors, and prevention of VTE in this 

patient population using these variables. A power analysis should be done before a future study 

to ensure that the sample size will result in an adequately powered study. Findings from this 

study can be used in a future power calculation. 

Dissemination 

Dissemination of findings from research is one of the most important steps in the research 

process (Rouen, 2014, p. 334). The plan for dissemination for this project includes presenting the 

findings at an upcoming journal club to the colleagues at the practice of this primary investigator. 

Additional plans for dissemination will be to submit this work to national conferences and major 

medical and nursing journals for publication. 

Conclusions 

The incidence of VTE in this sample was 25.8%. Virchow’s triad was used to select 

variables theorized as antecedents for the development of VTE following lung transplant. None 

of those variables selected showed evidence of being a risk factor for the development of VTE. 

BMI, which was previously studied as a risk factor but not supported in other studies, was shown 

to be a predictor for VTE in this patient sample. LAS and waitlist time were also shown in this 

sample to be risk factors for the development of VTE. LAS in particular is a newer concept in 

lung transplant and may be a surrogate marker of VTE risk following lung transplant. 
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APPENDIX A: 

DATA COLLECTION FORM 
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Data Collection Form 

Demographics 

Subject ID: ______  

Age: _____________ Gender: ______________ Race: _________________________  

Diagnosis/Indication: ___________________________________ LAS: ___________ 

Type of procedure: ________________________________________________________ 

BMI at time of transplant: ________ Time on list: __________  

LOS during transplant period: _______________ Induction: _______________________ 

Immunosuppression regimen at discharge: _____________________________________ 

VTE 

Presence of VTE: _______________ Number of VTE in first year: _________________ 

VTE type: ______________________________________________________________  

VTE location: ___________________________________________________________ 

Number of days from transplant to first VTE Event: _____________________________ 

Number of days from each subsequent VTE event from last: ______________________ 

Virchow’s Triad  

6MWT distance: _______________ Fundoplication: ____________________________ 

VATS Pleurodesis: ______________ ECMO: _______________ CPB: ______________ 

CMV Viremia: __________ ACR: __________ AMR: __________ mTor: ___________  

Additional notes: 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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APPENDIX B: 

INTERNAL REVIEW BOARD APPROVAL LETTER FROM DIGNITY HEALTH ST. 
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APPENDIX C: 

INTERNAL REVIEW BOARD APPROVAL LETTER FROM THE UNIVERSITY OF 
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