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Abstract 

Title of Dissertation: The Creation of Objective Performance Criteria and Generation of 

Predictive Models among Medical Devices in a Vascular Space  

Laura Elisabeth Gressler, Doctor of Philosophy, 2021 

Dissertation Directed by: Fadia T. Shaya, PhD, MPH, Professor, Pharmaceutical Health 

Services Research 

Background: Objective Performance Criteria (OPC) have been explored as a tool to 

address the growing pressures to expedite device approval and enhance active surveillance. 

Existing data infrastructures can be employed to develop OPC to  evaluate the use of 

devices, and can be further leveraged to develop predictive models. The objective of this 

dissertation was to: (1) Develop a framework for the creation of OPC, (2) Compare the use 

of stent, atherectomy, and combination of stent and atherectomy, and (3) Formulate a 

predictive model used to predict the probability of undergoing a major adverse limb event 

(MALE) or experiencing death following the aforementioned treatments.  

Methods: The framework was developed in 3 phases through (1) Review of the literature, 

(2) Engagement of key stakeholders, and (3) Feedback from an advisory committee. 

Retrospective cohort studies were conducted using the Vascular Quality Initiative (2010-

2018). Logistic regression and the Fine-Gray subdistribution hazard model were used to 

compare short- and long-term MALE, respectively. A generalized linear model (GLM), a 

Least Absolute Shrinkage and Selection Operator (LASSO) regularized GLM, a gradient 

boosted decision tree, and random forest model were compared when used to predict 

MALE and mortality. 



 

Results: The developed framework consisted of 5 elements: (1) Identification of Medical 

Devices, (2) Engagement of Key Stakeholders, (3) Selection of Data Source, (4) 

Performance of Appropriate Statistical Analyses, (5) Reporting of Findings. The odds of 

short-term MALE (0.94;95%CI:0.77-1.14) and hazards of long-term MALE 

(0.92;95%CI:0.82-1.04) were not significantly different in the combination stent and 

atherectomy group when compared to stent alone. The most effective predictive model was 

the gradient boosted decision tree (Area Under the Curve (AUC)= 0.7539) for MALE and 

the LASSO regularized GLM (AUC=0.7930) for mortality.  

Conclusions: The developed framework provides a guide and needed foundation for the 

continued generation of OPC. Applying the identified statistical steps in the framework to 

an existing data infrastructure showed that patients receiving combination stent and 

atherectomy do not experience significantly different rates of MALE compared to stent 

alone.  Predictive models generated using the infrastructure demonstrated the ability of 

machine learning techniques to generate robust predictive models within the vascular 

space. 
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1. Rationale, Study Objectives, and Significance 

Rationale 

The Food and Drug Administration (FDA) is one of the most critical stakeholders and the 

primary gatekeeper for lifesaving medical devices. With the passing of the 21st Century 

Cures Act and the Food and Drug Administration Reauthorization Act, the FDA is 

expected to decrease the approval time of devices while continuously ensuring that all 

approved devices are safe and effective.1,2 The creation of Objective Performance Criteria 

(OPC) as a tool to expedite the approval process and continue active surveillance has been 

explored.3–5 OPC allow regulatory bodies to monitor how devices perform outside of a trial 

setting and provide target objective performance measures for new devices. New devices 

seeking to enter the market need to demonstrate non-inferiority to the generated OPC of a 

similar device. Given that medical devices evolve incrementally, approved medical devices 

currently on the market are possible suitable comparisons. OPC created from devices 

present on the market can serve as comparisons for single-arm clinical trials. Single-arm 

clinical trials avoid the need for randomization, reduce the number of participants in a trial, 

and decrease costs associated with clinical trials and the overall approval process. 

While the FDA has published guidance on device approval based on OPC, no clear 

recommendations or frameworks outlining the appropriate approach to the creation of the 

OPC used for this approval process have been published.6 Thus far, guidance for the 

creation of OPC has been issued for devices in specific clinical areas, such as orthopedics.7 

A clinical area that could benefit from the creation of OPC is the vascular space. Vascular 

devices are often implanted in patients for the rest of their lives and provide life-saving 

benefits. The national vascular device registry, governed by the Society for Vascular 
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Surgeons (SVS), allows for the evaluation of these devices and the creation of OPC within 

this clinical area. Two frequently used vascular devices are stent and atherectomy. Stents, 

atherectomy and a combination of stent and atherectomy can be used to treat peripheral 

artery disease. The efficacy and safety of combined atherectomy and stent have not been 

evaluated and that represents an important gap in the literature. 

The patient characteristics that determine which medical device, stent, atherectomy, or a 

combination thereof is most suitable for a given patient are unknown. Identifying which 

device would allow for the most which device would delay or avoid relevant outcomes 

such as amputation or mortality amputation and mortality is crucial. Predictive modeling 

can be employed to assess the factors that should be considered when choosing a treatment 

option that allows for optimal outcomes. An increased understanding of patient 

characteristics and other factors will enable clinicians to personalize treatment decision-

making and maximize the likelihood of a favorable outcome. 

Objectives 

The research project is comprised of three specific aims: 

1. Develop a framework for the creation of objective performance criteria with 

general criteria to be applied to Class III medical devices  

2. Apply the established framework within a vascular device registry and compare 

the use of stent, atherectomy, and the combination of stent and atherectomy in 

patients with lower extremity peripheral artery disease (PAD) 

3. Formulate and test a predictive model used to predict the probability of having 

a major adverse limb event or experiencing death following the receipt of stent, 

atherectomy, or combination of stent and atherectomy  
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Significance 

The medical device approval process is subject to many challenges. Traditional tools, such 

as randomized clinical trials that are used to show efficacy and safety of a drug or biologic, 

may not be possible within Class III high-risk devices. Given these challenges and the 

growing pressure on the FDA to decrease approval time for life-saving devices, the FDA 

is exploring new methods, and tools to enhance, improve, and expedite the current approval 

process, as well as active surveillance post-approval. These tools include the use of OPCs 

and registries. OPCs have the potential to be a powerful tool in the device approval and 

post-market surveillance process; however, there is little guidance on the appropriate 

creation of these OPC. The creation of an OPC framework that establishes the foundation 

of this systematic method would guide future OPC creation in different device areas and, 

in turn, inform future clinical trials. The development of a general OPC creation framework 

will fill an essential gap within the medical device space.  

Moreover, the developed framework will be leveraged to develop OPC for frequently used 

medical devices within the vascular space. The development of OPC for stent, atherectomy, 

and the combination of stent and atherectomy will provide a basis for research on the 

performance of these procedures in real-world data (RWD). Evaluating whether the 

exposure to both devices and added cost is more efficacious or safe when compared to stent 

or atherectomy use alone will shed light on whether the combination benefits the patients 

or exposes them to unnecessarily increased risk. The created OPC can then be further used 

to inform future studies comparing new vascular devices to the generated OPC and 

expedite the approval process within this clinical area. The high-quality registry developed 

within the vascular space for the generation of real-world evidence can be utilized to create 
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the needed OPC. Registries are important tools that should be utilized to inform clinical 

and regulatory decision making. Given their expense and capabilities, the use of registries 

can be expanded beyond the assessment of safety and efficacy. Further applications include 

predictive modeling that can be used to understand the factors associated with receiving 

treatment and experiencing favorable outcomes. The identified factors can then aid patients 

and providers in making treatment decisions that allow for optimal outcomes.  

Evidence gained from this research can promote the development and use of more stringent 

OPC for medical devices in all clinical areas. The results educate and inform patients, 

providers, regulatory bodies, and researchers on the real-world performance of devices. 

This research allows for a greater understanding of the role of treatments and other factors 

on the probability of undergoing a major adverse limb event or experiencing death 

following the receipt of stent, atherectomy, or combination of stent and atherectomy. 

Finally, this research could motivate further investigation into the creation of OPC and the 

utilization of predictive modeling in other clinical areas.  
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2. Background and Literature Review 

The Food and Drug Administration and Medical Device Approval Process 

The Food and Drug Administration (FDA) is one of the most critical stakeholders and the 

primary gatekeeper for lifesaving medical devices. A medical device is defined as: “an 

instrument, apparatus, implement, machine, contrivance, implant, in-vitro reagent, or other 

similar or related article, including a component part, or accessory which is (1) recognized 

in the official National Formulary, or the United States (US) Pharmacopoeia, or any 

supplement to them, (2) intended for use in the diagnosis, cure, mitigation, treatment, or 

prevention of a disease or other conditions in humans or other animals; or (3) intended to 

affect the structure or any function of the body of humans or animals, and which does not 

achieve its primary intended purposes through chemical action or is dependent upon being 

metabolized for the achievement of any of its primary intended purposes”.8 The FDA began 

regulating medical devices in 1976 and now regulates more than 2700 device types. These 

devices represent a market value of approximately 133 billion United States Dollars 

(USD).9 Medical devices are classified into three categories: Class I, Class II, and Class 

III.10 Class I devices are simple aids, such as tongue depressors, are generally exempt from 

premarket review, and makeup approximately 29% of FDA-approved device types.11 Class 

II devices include glucose meters and X-ray machines and represent approximately 39% 

of FDA-approved device types.11 Class II devices may require premarket review, clearance 

via a 510k application, or may be exempt from any requirement. Class III devices include 

devices that sustain life or prevent significant disability to patients. These devices may 

require a 510k or pre-market approval (PMA) application. 

The 510k PMA Application 
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Section 510(k) of the Food Drug and Cosmetics Act details the 510k application process.12 

Device manufacturers must show in the 510k application that the device for which they are 

seeking approval is at least as safe and effective as a device intended for the same purpose 

that is already legally on the market in the US. The 510k application contains the following 

information: (1) description of the device, operating principles, and materials, (2) device 

labeling and directions for use, (3) a comparison of the intended use and characteristics to 

the market device, (4) comparative nonclinical testing, electrical safety, mechanical safety, 

etc. (5) sterilization, packaging, and expiration information.13 The FDA can request further 

comparative clinical data if necessary; however, this generally occurs in less than 10% of 

the applications.14 The process by which the FDA determines equivalence between a device 

seeking approval and a device already legally marketed is shown in Figure 1 (2.1). The 

510k application pathway is used to review and approve approximately 98% of devices 

attempting to enter the market.15 It is considered to be a faster and less expensive pathway 

for device manufacturers to receive approval.16  
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Figure 1. (2.1) Decision Process by which the FDA determines substantial 

equivalence between a device seeking approval and an already legally marketed 

device13 

 

Premarket Approval Application 

For devices where sufficient evidence proving substantial equivalence is not available or 

no equivalent device is currently on the market, a PMA application is required. PMA 

require the following: (1) detailed device description, (2) statement of intended use, (3) 

description of alternative treatment options, (4) device marketing approval in foreign 

countries, (5) results of nonclinical and clinical studies, (6) manufacturing information, (7) 
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labeling, and (8) risk-benefit analyses.13 Clinical studies are required in all PMA 

applications to prove the safety and effectiveness of the device. The clinical studies must 

include data from a minimum of one controlled study. Partially controlled studies, case 

histories, case reports, and trials without matched controls are also considered in the 

application.17 The PMA application is the most stringent approval process available for 

medical devices. It is, however, considered to be less stringent than the analogous New 

Drug Application (NDA) in the drug space18 and provides less clinical evidence than 

pharmaceuticals attempting to enter the market.19 From 2005 to 2009, 113 devices were 

recalled by the FDA due to their risk of causing significant health problems or death. Of 

the recalled devices, 19% were approved through the PMA process, 71% through the 501k 

approval process and 7% were exempt from FDA regulation.20 

Post-Approval Studies 

The FDA can mandate post-approval studies at the time of device approval as a condition 

for approval to help assure continued safety and effectiveness of the device. Post-approval 

studies “are intended to gather specific information to address questions about the 

postmarket performance of or experience with an approved medical device.”21 These 

studies can be retrospective, single-center studies, prospective studies, and randomized 

clinical trials (RCTs) for the continued evaluation of high-risk medical devices. Between 

2005 and 2011, the FDA ordered 223 post-approval studies on 158 medical devices. Post-

approval studies were required for 48% of the devices that required a PMA application.22 

Of the 223 studies, approximately 50% were prospective cohort studies. These prospective 

studies were classified as nonclinical studies, randomized studies or enhanced 

surveillance.22 Prospective studies are plagued by several challenges, such as low 
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recruitment, small sample sizes, and lack of long-term follow-up. Thus, these studies may 

not be sufficient to evaluate real-world performance of the device comprehensively. One 

of the main concerns associated with medical devices is device integrity. Longer follow-

up times are needed to assess device integrity. Given that many of the Class III devices are 

implanted in a patient for several decades or a lifetime, it is vital to establish the long-term 

safety and efficacy of these devices. Large retrospective studies can address many of the 

gaps present in prospective studies, utilized to strengthen post-approval studies, and can be 

leveraged to improve monitoring of device safety.23 

Large Retrospective Databases 

The use of large retrospective databases presents a possible suitable alternative to 

traditional single-center studies for the assessment of the benefits and risks of medical 

devices throughout the product’s total life cycle. High-quality, standardized, and 

transparent data sources can be utilized to communicate up to date, accurate, and relevant 

evaluations. These coordinated data sources can reduce the burdens and costs of medical 

device post-market surveillance.  

Claims and Registries 

Large retrospective databases, including registries and claims databases, can provide a 

unique insight into the real-world effectiveness of high-risk devices. Patient registries 

provide an essential level of detail and are capable of capturing many crucial data elements 

that are not routinely captured in other datasets. This information includes patient, 

procedure, and device-specific information. Thus, registries represent a powerful tool that 

can be utilized for the evaluation of medical devices after their initial approval. For these 

reasons, registries have been described as the foundation of the National Medical Device 
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Postmarket Surveillance System by the FDA Center for Devices and Radiological Health 

(CDRH).24 The FDA aids in the promotion of the development of national and international 

device registries within clinical areas by investing in and being heavily involved in the 

development of coordinated registry networks (CRNs). Registries systematically linked 

with other databases, including electronic health records and administrative claims 

databases, can further increase post-market surveillance capabilities. Linkages between 

data sources further increase possible evidence generation, support adverse event analyses, 

increase follow-up time, and complement existing surveillance tools such as the Medical 

Device Reporting (MDR) system.  

Objective Performance Criteria (OPC) 

Objective Performance Criteria (OPC) are numerical targets, such as revision rates, derived 

from historical data, such as registries, and are used as comparators for the assessment of 

safety and efficacy. For OPC to be created, the device must be mature and have produced 

sufficient analyzable data. OPC can also be created from pooled clinical trials; however, 

real-world data is favored. Real-world data, including registries and large claims databases, 

are more representative of the general population and can demonstrate effectiveness instead 

of efficacy. Furthermore, real-world data allow for the evaluation of a product over its total 

product life cycle. Clinical trials only track patients for a pre-specified period; however, 

many medical devices are implanted in patients for their lifetime. It is therefore critical to 

evaluate the full continuum of evidence along the total product lifecycle not just at the point 

of regulation. The long-term durability of the device can then be accounted for in the OPC. 

Within the regulatory space, OPC have numerous uses. For premarket approval processes, 

OPC created from medical devices can be used as comparators in single-arms trials and 
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serve as a valid alternative to determine safety and efficacy. The use of single-armed trials 

has recently found acceptance within the regulatory framework of the FDA.25 OPC can 

serve as an independent and robust comparison for new devices that enter the market, as 

well as a primary endpoint. Within a single-arm trial, OPC allow for a smaller required 

sample and provide an appropriate comparator, thus reducing cost and time associated with 

the trial. New devices that are not on course to achieving the endpoint created by the OPC 

can be halted before the end of the study date. This prevents further participants from 

receiving an inferior device and allows for the early termination of costly trials. 

Comparison with OPC can lead to the more rapid completion of trials and stop a trial before 

its completion if it is clear that the new medical device will not meet the OPC. OPC, 

however, become outdated and therefore need to be continuously updated to account for 

new data and the changing practice of medicine. 

For the post-market surveillance requirement, OPC can be utilized to ensure that approved 

devices are performing as predicted in the clinical trials. This is important because when a 

device is approved, there is a level of regulatory uncertainty due to the lack of 

generalizability and limited evidence generated during the premarket studies. OPC provide 

up-to-date information on how medical devices are performing in the general population 

and specific subpopulations of interest. The FDA can utilize OPC to ensure that new 

medical devices are performing to standard after approval.  

To be considered for approval when compared to an OPC, a new medical device must 

demonstrate to perform no worse than the specified numbers in the OPC with a pre-

specified margin of error. OPC equivalence guidance can be specific to certain medical 

devices. For example, for heart valves, the study valves must be significantly less than two 
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times the accepted OPC.3 OPC are clear numerical targets created from real-world data and 

thus reflect current medical practice with varying factors such as surgeon/operator 

experience. The use of OPC for the premarket assessment of vascular devices has been 

suggested.26 

Predictive Modeling 

With the rise of precision medicine and the growing amount of RWD, clinicians and 

regulators seek to understand how certain diseases, the health status of a patient, and the 

use of a device or procedure affect outcomes of interest. Predictive models attempt to 

understand the role of these factors and can influence clinical and regulatory decision 

making. Predictive models can be created from existing real-world data using machine 

learning techniques. Machine learning occurs when a machine generates an algorithm from 

a given dataset with relevant variables and can then use this algorithm to predict an 

outcome accurately in a separate dataset. Machine learning can be classified into three 

different types of learning methods: supervised, semi-supervised, and unsupervised 

learning. The learning type is highly dependent on the data available. Supervised learning 

is employed when all data are labeled and known. Semi-supervised learning is used when 

only some data are labeled and known, while unsupervised learning is used when no data 

are labeled. Linear and non-linear methods can be utilized to create a prediction model. 

Linear methods are generally simpler and easier to interpret; however, non-linear models 

are more flexible and may provide a better fit for the actual data. Finally, there are 

regression-based methods that fit the data to a continuous function and classification-based 

methods that classify the data by discrete and categorical methods.27 
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When developing a prediction model, it is crucial to validate the model. Generally, the 

predictive model is generated from a training dataset that has all labeled data. The model 

should then be tested in a test dataset where the variable that is being predicted is missing. 

To determine how well the model performed, accuracy measures should be calculated. 

Specificity and sensitivity are accuracy measures for categorical variables, while 

correlation coefficients and mean squared errors (MSE) are accuracy measures for 

continuous variables. The correlation coefficients indicate how closely the predicted and 

actual data values are related. The MSE indicates the level of error in the model 

predictions.28 

When estimating a model, there is always a tradeoff between high bias and high variance. 

High bias signals that a wrong model is being learned and high variance signals that a 

random model is being learned. High bias and variance models can lead to underfitting or 

overfitting of the model.29 To overcome these challenges, feature reduction methods and 

cross-validation techniques can be used. Feature reduction is used to reduce the 

dimensionality of the data by determining which variables are most relevant to the accurate 

algorithm. Reducing the dimensionality reduces the noise surrounding the data and ensures 

that only pertinent variables are included in the algorithm.30 The process of cross-validation 

is used to test the accuracy of the generated algorithm. During cross-validation, the dataset 

is split into n separate sets. One of the sets is the test (validation) dataset and the other sets 

are combined to become the training set. N number of iterations are created where an 

algorithm is generated from the training set and tested in the test data set. For each iteration, 

the test set is a different portion of the entire dataset. The model's precision and accuracy 

are determined by averaging the results of each iteration.31  
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Unlike traditional regression-based models, machine-learning based prediction tools can 

utilize large numbers of predictors and allow for a more flexible relationship between the 

predictors and the outcome.32 The assumption of linearity between the predictors and the 

outcome in regression-based models is problematic, given that many variables such as age 

are known not to be linearly related to cardiovascular risk, for example.32 Machine-learning 

techniques allow for these non-linear relationships to be captured as much as possible. A 

further benefit to machine-learning techniques compared to regression-based techniques is 

the ability to account for heterogeneity among patient- and indication-level characteristics. 

These machine-learning techniques can aid in the accurate and reliable prediction of 

treatment and outcomes. Robust predictive models provide clinicians with a tool to use as 

support when making treatment decisions for their patients by weighing the predicted risks 

for a particular patient, associated with each treatment. Moreover, the predictive tool can 

consider patient-specific and indication-specific characteristics, thereby promoting 

personalized medicine and ensuring that the predictions are tailored to the patient and their 

condition. 

Peripheral Artery Disease 

Peripheral Artery Disease (PAD) is a general term referring to the altered state and 

declining function of peripheral arteries.33,34 The arteries can be altered due to the buildup 

of plaque. This is commonly referred to as atherosclerosis.  The buildup of plaque can 

reduce or completely block the blood flow to a muscle group, which can have severe 

consequences. Most patients experience atherosclerosis in the lower extremities. Lower 

extremity PAD affects approximately 10% of the US population.35 Of the affected 

population, 20% to 50% of patients are asymptomatic. Another 40% to 50% present with 
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atypical leg pain. Patients experiencing leg pain may still be receiving adequate blood 

supply to their lower extremity at rest but not enough when exercising. A smaller 

percentage, 10% to 35%, present with intermittent claudication defined as cramping in the 

lower extremity during exercise.36 Finally, 1% to 2% present with a threatened limb. In this 

case, the artery has narrowed to the point where the extremity is no longer receiving enough 

blood at rest. This level of ischemia can cause tissue loss, gangrene, and can eventually 

lead to the required amputation of the limb. The one-year mortality rate among patients 

with severe chronic PAD is up to 45%.37 Other symptoms associated with lower extremity 

PAD are non-healing wounds, ulcers, skin discoloration, the absence of a pulse below the 

suspected area of arterial stenosis, nail changes, and abnormal venous filling times.38–40  

Risk factors identified by the American College of Cardiology/American Heart 

Association associated with the development of PAD include: age, male gender, African-

American race, history of or current smoking status, diabetes, hypertension, 

hyperlipidemia, claudication of legs, ischemic leg pain at rest, and known atherosclerosis 

at other sites.41,42 

Treatment Options 

Preventative strategies focusing primarily on risk modification should be employed in 

patients with PAD. Preventative strategies include pharmacological intervention and 

lifestyle modification. Antithrombotic, lipid-lowering, antihypertensive, and 

antihyperglycemic therapy can be prescribed. Steps towards smoking cessation, improved 

diet, and increased exercise should be taken.43,44 In severe cases where preventative 

strategies are not appropriate, percutaneous interventions, such as endovascular and 

surgical methods, are available for the treatment of vascular lesions. The severity of their 
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symptoms and the length of the lesion requiring treatment determine the type of treatment 

most suitable for a patient. For example, patients with severe claudication that limits their 

ability to perform daily tasks or work are less likely to benefit from exercise and 

pharmacological therapy. Successful revascularization in these patients can substantially 

improve their quality of life.45,46 Revascularization treatments are, however, also associated 

with a number of complications such as vessel thrombosis, infection, and embolization. 

Two percutaneous interventions, stenting and atherectomy, are described below. 

Stenting 

A stent can be described as a small tube inserted into a weak or narrow vessel to support 

or expand the vessel, thus allowing oxygen-rich blood to flow unobstructed. There are 

several different types of stents on the market: bare metal, covered, heparin-bonded, 

biodegradable, and drug-eluting stents. RCTs have primarily focused on the comparison of 

bare metal stents and angioplasty alone in short lesions. These studies have found no 

significant difference in binary restenosis or target lesion revascularization.47 Patients 

receiving stents did record a significantly higher maximum walking capability and better 

stent patency at one year.48,49 Covered stents are covered with fabric and may be less likely 

to cause neointimal hyperplasia and stent fracture.50 Heparin covered stents are 

hypothesized to provide an additive antiproliferative or antithrombotic effect.51 The 

efficacy and safety of drug-eluting stents in the treatment of lower extremity PAD has been 

assessed in RCTs.52,53 The safety of paclitaxel in patients with PAD has been debated, and 

thus no drug-eluting stent is commercially available for this indication. 
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Atherectomy 

Atherectomy removes plaque using a device to vaporize, push, or remove plaque from the 

vessel. This is done using a laser or directional/rotational movements. Laser atherectomy 

uses high energy light to vaporize the plaque along the vessel. In directional, rotational, 

and orbital atherectomy a device is used to cut, shave, and remove the plaque alongside the 

vessel.54 Data thus far have indicated that atherectomy alone is not superior to stenting or 

angioplasty.55 Atherectomy can be combined with stenting and can be used to treat in-stent 

restenosis.56 Atherectomy is, however, commonly used prior to stenting in order to prepare 

the vessel. This allows for the prevention of incomplete stent expansion and can decrease 

the risk of restenosis.57 Thus far, atherectomy in combination with stenting, has not been 

evaluated even though it is frequently used in practice. 

Combined Stent and Atherectomy 

The efficacy and safety of combined atherectomy and stent have not been evaluated and 

represents an important gap in the literature. There is little incentive from medical device 

manufacturers to evaluate the efficacy or safety of the combined use due to the high cost 

of the trials and low return on investment. If the combination is inferior, then the 

manufacturers will lose part of their market share. If the combination is proven to be 

superior, then the market share will not change much, and all manufacturers will benefit 

equally. Thus, there is no incentive for a single device manufacturer to evaluate the use of 

combined atherectomy and stent placement. 

Vascular Quality Initiative 

The vascular space has the advantage of having a mature registry, known as the Vascular 

Quality Initiative (VQI), governed by the Society for Vascular Surgeons (SVS). The VQI 
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dataset was initially established in 2011. The SVS Patient Safety Organization provides 

the data through collaboration with the FDA and medical device companies. Over 300 

academic and community hospitals participate in the VQI dataset across the United States 

and Canada and provide data on patients undergoing commonly performed vascular 

procedures (Figure 2). The dataset collects information concerning the patient (i.e., 

demographics, anatomic, and pathology data) and clinical data (i.e., comorbidities, device 

type, lesion length, procedure type). The clinical data are collected pre-, intra- and post-

operatively on a number of commonly performed vascular procedures including: carotid 

endarterectomy, carotid artery stenting, infrainguinal and suprainguinal bypass, open 

infrarenal abdominal aortic aneurysm repair, endovascular infrarenal abdominal aortic 

aneurysm repair, thoracic endovascular aortic repair, and peripheral vascular intervention 

of aortoiliac and lower extremity arterial disease.58 

Figure 2. (2.2) - Centers participating in the Vascular Quality Initiative Registry58 

 

Data are entered into the VQI dataset using a web-based system provided by M2S (M2S 

Inc). Data forms can be entered by multiple users at can capture further data from electronic 
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health record systems.59 Forms are completed at the time of the procedure and one-year 

following the procedure. The VQI dataset has been used to create OPCs and perform 

predictive modeling.60,61 VQI assesses data quality on an annual basis by comparing 

formatted claims data with clinical data entered into the registry. It is ensured that patients 

and procedures match between the data sources. If a record does not match, or a VQI or 

claims record is missing, then the participating site is contacted and must investigate and 

make corrections.62 The characteristics of the VQI dataset make it a suitable source of real-

world data for the generation of OPC and the creation of predictive models. 

OPC Generation and Predictive Modeling within the Vascular Space 

Complications from revascularization treatments include embolization, restenosis, 

occlusion, stent fracture, amputation of the limb, major reintervention, and death. 61 These 

complications are severe and can be life-threatening. Evaluating whether the exposure to 

both devices is more efficacious or safe when compared to stent or atherectomy use alone 

will shed light on whether the combination benefits the patients or exposes them to 

unnecessarily increased risk. Furthermore, if the combination is shown to be inferior or 

similar to stenting alone, then the unnecessary costs of atherectomy in the stenting 

procedure can be avoided. In the absence of a clinical trial, the safety and efficacy of the 

procedures must be evaluated using observational data. The large amount of real-world 

data produced by the VQI registry can be used to create and continuously update the 

objective performance goals (OPG) of these medical devices over a more extended period 

that would otherwise not be evaluated. Establishing robust benchmarks is crucial in 

identifying inferior and superior technologies more efficiently in the absence of long-term 

clinical data.  
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Regulatory bodies and clinicians have increasingly accepted and leveraged the use 

of real word evidence generated from real-world data to inform regulatory and clinical-

decision making.6,63,64 Within the medical device space, many regulatory efforts have 

centered around identifying and harmonizing the various siloed data sources capturing 

medical devices.65–69 Given this targeted endeavor to enrich the available information on 

medical devices and the associated costs, it would be negligent to not explore further uses 

of the available data.70 RWD can not only be used to retrospectively assess the 

effectiveness and safety of procedures involving medical devices but can also be used to 

formulate models that help determine risk factors and probabilities of successful treatments 

among patients. Registries are an important source of RWD and have been continuously 

used to inform clinical and regulatory decision making.63,68 Robust predictive models can 

help regulatory processes by informing the future clinical studies for labeling or indications 

for use for a device, and clinical guidelines for the appropriate use of devices among 

patients. In the generation of predictive models within high-quality and high-dimensional 

data, employing machine learning models may overcome a number of limitations 

associated with traditional regression-based models.32,71 Thus far, the VQI registry has 

primarily been used to evaluate the safety and effectiveness of vascular treatments.72,73 The 

capabilities and dimensionality of the VQI registry allow it to be further leveraged and its 

use to be expanded to include predictive modeling using machine-learning methods. 

There is currently no clear guidance within the United States for the creation of OPC within 

the medical device space. Thus far, guidance has been space specific.7 There are several 

challenges associated with developing an OPC, such as lack of high-quality data, consensus 

on clear efficacy and safety endpoints, and appropriate statistical analyses. There is a need 
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for a general framework to guide clinicians, regulators, and researchers. The data utilized 

to create OPC can also be used to generate algorithms that predict treatment outcomes. 

Clinicians can use the results of predictive modeling to help determine which populations 

would benefit the most from a given medical device and increase the likelihood of a 

favorable outcome. 

Conceptual Model 

The conceptual model and guiding framework of this dissertation are based on the total 

product life cycle of medical devices. In the pre-market approval stage, new medical 

devices attempt to enter the market by seeking FDA approval. If clinical data are available 

or collected to establish safety and efficacy of the new medical device, available 

established OPC can be used/referenced to terminate clinical trials that are not projected to 

achieve the established OPC. The established OPC can also be used in a single-arm trial as 

a comparison for the approval of new medical devices seeking approval. Immediately after 

the approval stage, there is limited evidence. OPGs, however, can be created using real 

world evidence (RWE) to determine how the new device is performing within the short 

timeframe after approval. In the post-approval state, post-approval studies and surveillance 

studies can create OPC using the framework for the creation of OPC. OPC can be created 

for new devices and can be updated for devices already on the market. More complete post-

approval evidence can also be utilized to generate predictive models that further inform 

clinical decision-making. The created OPC and predicted models can highlight 

underperforming devices in specific populations and indications. This may motivate device 

manufacturers to innovate new devices that then enter the premarket approval process and 
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are compared to establish OPC. The guiding framework and the role of each objective in 

the device approval process is highlighted in Figure 3. 

Figure 3. (2.3) - Conceptual Model for the Medical Device Manufacturing Process 
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3. Specific Aim 1: A Framework for the Creation of Objective 

Performance Criteria among Medical Devices 

Abstract 

Background: Objective Performance Criteria (OPC) may serve as a tool to expedite the 

approval process and continue active surveillance of Class III medical devices. Thus far, 

published guidances on the creation of OPC have been clinical area specific. There is a 

need for a general patient-centered process framework for the creation of OPC with general 

criteria to be applied to Class III medical devices. 

Methods: The conceptual framework was developed in 3 phases through (1) Review of the 

literature and previous OPC guidances, (2) Engagement of key stakeholders, and (3) 

Feedback from an advisory committee. After the review of the literature, a non-probability 

sampling method using the purposive sampling strategy was employed to identify relevant 

stakeholders for engagement in semi-structured, open-ended, concept elicitation 

discussions. A phenomenological approach was implemented to summarize and describe 

stakeholder perspectives regarding the priorities of, experiences with, roles within, and 

perceived challenges associated with OPC creation. Finally, an advisory committee 

provided their recommendations and input on the final elements of the framework. 

Results: A total of 27 stakeholders were engaged to represent the following stakeholders: 

representatives of registries, health system representatives, clinicians, device application 

reviewers, payers, health technology assessment body representatives, patients, patient 

representatives, patient caregivers, device manufacturers, data coordinators, data analysts, 

and data informaticians. Consensus was achieved on the core elements of the framework. 

Engagement of Key Stakeholders (38%) followed by the Selection of the Data Source 



 24

(23%) were cited most frequently as the most important core element. Access to 

meaningful and high-quality data sources (47%) and reaching stakeholder consensus (25%) 

were the most frequently mentioned challenges. 

Conclusion: This framework provides a step-wise guide to the generation of an OPC within 

Class III medical devices. The framework consists of five core elements: (1) Identification 

of Medical Devices for the Development OPC, (2) Engagement of Key Stakeholders, (3) 

Selection of Data Source, (4) Performance of Appropriate Statistical Analyses, (5) 

Reporting of Findings. This framework may provide the needed foundation for 

organizations, government agencies, and investigators involved in the development of 

official guidances and OPC generation.  

  



 25

Introduction 

The Food and Drug Administration (FDA) is one of the most vested stakeholders in and 

the primary gatekeeper for medical devices. The 21st Century Cures Act and the Food and 

Drug Administration Reauthorization Act require the FDA to decrease the approval time 

of devices while continuously ensuring that all approved devices are safe and effective.1,2 

This expectation is especially daunting when considering Class III medical devices given 

that these devices are implanted in a patient for several decades, and their primary purpose 

is to sustain life or prevent significant disability to patients. The FDA is obliged to explore 

new regulatory approaches that allows for the swift approval of new devices while 

simultaneously ensuring that all devices entering and currently on the market are safe and 

effective. The creation of Objective Performance Criteria (OPC) as a tool to expedite the 

approval process and continue active surveillance has been explored.3–5 OPC are numerical 

targets of outcomes of interest derived from historical data and can be used as comparators 

for the assessment of safety and efficacy. 

Many stakeholders benefit from OPC during the premarket approval process and 

postmarket evaluation. Given that medical devices evolve incrementally, approved medical 

devices currently on the market may serve as suitable comparisons to devices seeking 

approval. OPC derived from devices present on the market can be utilized as target 

measures in single-arm clinical trials.74 Single-arm trials may be favorable to stakeholders 

because they avoid randomization and allow all patients in a clinical trial to receive the 

novel device. In addition, device manufacturers benefit from shorter and less costly trials, 

while clinicians receive access to novel devices for their patients faster.5 Following a 

device’s approval, OPC allow regulatory bodies, the clinical community, reimbursement 
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agencies, and patients  to monitor how devices perform outside of a trial setting and provide 

target objective performance measures for new devices. This may aid regulatory bodies in 

identifying devices that may need additional postmarket action including safety 

communication, mandated postmarket studies, or compliance action. Patients, clinicians, 

health systems, and payers are able to utilize OPC to inform treatment- and reimbursement-

related decisions. Registry representatives, data analysts, and informaticians can leverage 

and strengthen their data sources to accurately inform OPC, thus expanding the use and 

strengthening the impact of their data sources.  

There is currently no clear guidance within the United States (U.S.) for the creation of OPC 

within the medical device space.  Thus far, published guidances have been clinical area 

specific.4,7 There is a need for a general process framework to guide clinicians, regulators, 

and researchers on the appropriate development of OPC. The purpose of this study is, 

therefore, to develop a conceptual framework for the creation of objective performance 

criteria with general criteria to be applied to Class III medical devices. 

Methodology 

Using a patient-centered process, the conceptual framework was developed in 3 phases: 

(1) Review of the literature and previous OPC guidances, (2) Engagement of key 

stakeholders, and (3) Feedback from an advisory committee.  

Review of the Literature and Previous Guidances 

Literature discussing the creation of OPC and how OPC have been applied in clinical areas 

was identified in PubMed. Previous OPC creation guidances in specific clinical areas were 

identified through targeted searches. Studies generating, applying, and discussing OPC 

were identified.3–5,26,61,75 The published guidance and studies provide insight into 
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methodologies employed by researchers to create OPC, the required steps in the creation 

of the OPC, the challenges experienced, and the steps needed to ensure that the OPC can 

play their anticipated role within all clinical areas. After a careful review of available 

published material, a preliminary list of the elements of the framework were drafted. 

Stakeholder Engagement 

Key stakeholders were engaged to gain an understanding of the elements they believe are 

crucial in the framework. Key stakeholders included registry maintenance representatives, 

health system representatives, clinicians, device application reviewers, payers, health 

technology assessment (HTA) body representatives, patients, patient representatives, 

patient caregivers, device manufacturers, data coordinators, data analysts, and data 

informaticians. Payers and health technology assessment bodies were combined into one 

stakeholder group since many stakeholders were previously employed by an HTA body or 

performed value assessment within the payer organization. The role of each stakeholder in 

the product’s total lifecycle and the generation or use of an OPC is described in Table 1 

(3.1).  

Table 1. (3.1) - Summary of stakeholders, stakeholder types, roles in and effect of 

OPC generation 

Stakeholder 

Types 
Role and Effect of OPC Generation Number 

Registry 
Representative 

Registries collect the real-world data needed to generate OPC. Registry 
representatives can leverage the OPC to generate feedback reports to 
clinicians and patients on the performance of devices to inform future 
decision-making.  

2 

Health System 
Representative 

Health system representatives collect data on the use and performance of 
devices within their health system. This data can be used to create OPC and 
inform clinicians within the health system on the performance of devices to 
inform future clinical decision-making.  

3 
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Table 1. (3.1) - Continued 

Clinician Clinicians aid in the generation of real-world data needed to appropriately 
evaluate the medical devices. Clinicians can disseminate the findings of the 
OPC to their patients in order to inform joint clinician-and patient decision 
making. 

3 

Patient and 
Patient Caregiver 

Patients and patient caregivers provide input on meaningful endpoints 
needed for OPC creation. Patients are the primary users of devices and are 
most affected by devices brought onto the market using OPC. Furthermore, 
OPC can be used to aid in decision-making with regards to treatment. 

5 

Device 
Manufacturer 

Device manufactures are the primary suppliers of devices. The 
manufacturers utilize the created OPCs as a comparison when seeking 
approval for devices seeking approval. The OPC can also be leveraged to 
fulfill any post-market studies required by regulatory bodies. 

3 

Device 
Regulatory 
Application 
Decision Maker    

Regulatory decision makers utilize the created OPCs to determine whether 
devices seeking approval should enter the market and can leverage OPC to 
identify devices that should be removed from the market following approval.  

3 

Data Coordinator Data coordinators link and house the real-world data needed for OPC 
generation. Data coordinators identify data sources that can be leveraged to 
comprehensively evaluate medical devices and identified meaningful 
endpoints. 

3 

Data Analyst Data analysts generate real-world evidence from real-world data. They 
employ appropriate statistical methods to analyze data and create robust 
OPC. 

3 

Data 
Informatician 

Data informaticians aid in the collection of data elements needed for the 
generation of OPC. They aid in establishing the infrastructure for the linkage 
and harmonization of the needed data sources to generate OPC for clinically 
meaningful endpoints. 

2 

Payer/Health 
Technology 
Assessment 
Body 

Payers and health technology bodies utilize OPC for reimbursement 
decision-making and value assessment. These decisions may affect which 
medical devices clinician and patient access to medical devices. 

7 

 

Participants and Procedure 

A non-probability sampling method using the purposive sampling strategy was employed 

to identify relevant stakeholders for engagement in semi-structured, open-ended, concept 

elicitation discussions.76–78 Concept elicitation discussions were set to a minimum of 25 

stakeholders. If necessary, further stakeholders were identified using chain sampling.79 

Stakeholders that agreed to participate were asked to identify further stakeholders that 
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would be willing to participate. Stakeholders were engaged until no new concepts were 

uncovered and saturation of framework elements was reached.77 The stakeholders were 

asked six questions pertaining to the types of elements that should be present in the 

framework, the importance of the elements, feedback on the elements in the first draft of 

the framework, the stakeholders crucial to the creation of OPC, the challenges associated 

with the creation of OPC, and any additional information critical to a comprehensive 

framework. The questions are outlined in Table 2 (3.2). 

Table 2. (3.2) - List of Questions for Key Stakeholders 

 Questions for Key Stakeholders 

1. What should the elements of the framework be? Considering the importance of 

these elements, how would you rank them? 

2. Comments on current elements of the Framework: Identification of Medical 

Devices for the Development of OPCs, Engagement of Key Stakeholders, 

Selection of Data Source, Performance of Appropriate Statistical Analyses, 

Reporting of Findings. 

3. From the stakeholder’s perspective, which element of the framework is most 

crucial? 

4. Which stakeholders are crucial to the creation of OPC? 

5. From the stakeholder’s perspective, what is the biggest challenge in the creation of 

the OPC? 

6. Is there anything that is essential to discuss or take into account in the creation of 

the framework? 

Discussions were held either in person or over the phone. Notes were taken during 

discussions with the key stakeholders. A read-back method was used to ensure that all 
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concepts mentioned by the stakeholders were accurately captured. The discussions were 

not audio recorded to allow stakeholders to engage in honest informal discussions without 

fear of professional repercussions. 

Coding Process and Analyses 

A phenomenological approach was implemented to summarize and describe stakeholder 

perspectives regarding the priorities of, experiences with, roles within, and perceived 

challenges associated with OPC creation.80 Discussion notes were thematically analyzed 

using short phrases and entered into a codebook.81 The codebook was modified until no 

new codes were uncovered.81 A saturation grid was employed to ensure that saturation was 

achieved between stakeholders within the framework elements.77 Following all discussions 

with key stakeholders, the initial draft of the elements in the framework was modified to 

reflect additional input from the key stakeholders. All notes from each stakeholder 

discussion are summarized in the Appendix. 

Advisory Committee 

The second draft of the elements was presented to an advisory committee. The advisory 

committee included representatives of academia, government, regulatory bodies, 

practicing clinicians, and a representative of a medical device registry used for the 

development of OPC and regulatory decision making (Table 3 (3.3)).  
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Table 3. (3.3) - Summary of the advisory committee, roles in and effect of OPC 

generation 

Advisory Committee Role and Effect on OPC Generation Number 

Academia Conduct studies using robust methods for the creation of 
OPC 

3 

Government – 
Regulatory Body 

Provide input to the development of and utilize the created 
OPCs (1) to aid in the determination of safety and efficacy 
of a device seeking approval and enhancement of 
postmarket surveillance; (2) to augment the tools available 
to registries and CRNs;  and (3) to promote the application 
of the tool in other clinical areas;    

1 

Registry 
Representative 

Provide data utilized to create OPC 2 

Clinician Utilize OPC for clinical decision-making 2 

 

More specifically, the advisory committee included researchers from the University of 

Maryland Baltimore, a representative of the Center for Devices and Radiological Health 

(CDRH) within the FDA, a practicing surgeon, and a representative from the Vascular 

Quality Initiative (VQI) registry.  The advisory committee presented their 

recommendations and input on the elements of the framework. The framework was 

considered complete when consensus from the advisory committee was achieved on all 

elements. The process by which the framework was developed is summarized in Figure 4 

(3.1).  
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Figure 4. (3.1) - Methodology for the development of a conceptual framework for 

the creation of objective performance criteria with general criteria to be applied to 

Class III medical devices 
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This research project was approved by the University of Maryland Baltimore Institutional 

Review Board (#HP-00088030). 

Results 

A review of previous guidance and the literature resulted in the identification of five core 

elements: (1) Identification of Medical Devices for the Development of OPC, (2) 

Engagement of Key Stakeholders, (3) Selection of Data Source, (4) Performance of 

Appropriate Statistical Analyses, (5) Reporting of Findings (Figure 5 (3.2)) in the 

framework.3–5,7,26,61,75,82  
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Figure 5. (3.2) - Core Elements of the Objective Performance Criteria Development 

Framework 

 

1. Identification of 
Medical Devices 

for the 
Development of 

OPC

2. 
Engagement 

of Key 
Stakeholders

3. Selection of 
Data Source

4.   
Performance 

of Appropriate 
Statistical 
Analyses

5.    Reporting 
of Findings
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Following the first draft of the elements, 30 individuals within the stakeholder groups were 

approached. Eight individuals declined; therefore, five further individuals were identified 

using chain sampling. In total, 27 stakeholders were engaged. Six individuals represented 

more than one stakeholder type. One individual represented three stakeholder types:  a  

registry representative, health system representative, and data analyst. Each of the three 

identified clinicians also were a registry representative, health system representative, and 

a data informatician, respectively. Two individuals were simultaneously data coordinators 

and data analysts. The number of individuals representing each stakeholder is summarized 

in Table 1 (3.1). 

Consensus was achieved among all stakeholders on the five core elements of the 

framework. Within the first core elements, Identification of Medical Devices for the 

Development of OPC, the most emphasized was the need for device selection to be a 

conscientious and careful process as well as the need for a sufficiently mature device with 

sufficient real-world data. During the discussion of the second core element, identification 

and engagement of stakeholders, seven out of the ten stakeholder groups stated that OPC 

generation should be a collaborative effort. Regulatory bodies, device manufactures, and 

clinicians were the most frequently mentioned stakeholders that should be involved in OPC 

generation. Regarding the selection of an appropriate data source, 70% of stakeholders 

prioritized data sources that capture clinical meaningful and relevant outcomes. In the 

fourth data element, performance of appropriate statistical analyses, the determination and 

definition of appropriate endpoints encompassing safety and effectiveness was discussed 
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by 80% of the stakeholder groups. Finally, 70% of stakeholder groups stated that a 

discussion regarding the operationalization of the OPC was needed when reporting 

findings. The need for transparent reporting of all analyses and findings was mentioned by 

60% of the stakeholder groups. The saturation grid summarizing elicited concepts and 

demonstrating saturation between stakeholder types within the framework elements is 

presented in Table 4 (3.4). Each core element may consist of multiple sub-elements 

described in further detail below. 

Table 3. (3.4) - Saturation grid of elements identified through published literature 

and engaged stakeholders 
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Identification of Medical 
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X X X X X X X X X X X 1
1 

Device selection should be a 
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process 

 
 

X X 
   

X X X 
 

6 

Sufficiently mature device with 
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data 

X 
     

X X X 
 

X 5 

Sufficient level of 
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the technology 
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3 
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indication understood 
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X 
  

3 

Priority given to medical 
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X 
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3 
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should be reviewed for existing 
OPC 
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4 
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1 
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8 
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0 
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9 
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Table 3. (3.4) - Continued 
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2 
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X 
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X 3 
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3 
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X 
 

1 
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3 
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X 
          

1 

Endpoints  
          

- 
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effectiveness and safety 
endpoints 

X X X X X X X 
  

X X 9 
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appropriate endpoints and their 
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X 
 

X X 9 
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term outcomes 
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Table 3. (3.4) - Continued 
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Engage patients to capture any 
endpoints due to unintended 
consequences of the device 
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Patient Reported Outcomes 
(PRO) 

X 
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5 

When possible, assess soft 
endpoints 

 X 
 

X 
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When possible, assess quality 
endpoints 
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Missing Data  
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Assess the level of missingness X 
       

X 
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2 

Discuss how missing data were 
handled 
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X 
  

2 

Statistical Analyses  
          

- 

Report and justify the model 
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X 
      

X X 
  

3 

Report and justify the method 
for confounder adjustment 

X 
      

X 
  

X 3 

Report and justify the 
estimation method for short-
term outcomes 

X 
          

1 

Report and justify the 
estimation method for long-
term outcomes 

X 
          

1 

Subgroup and Sensitivity 
Analyses 

 
          

- 

Evaluate sex differences X 
          

1 

Explore relevant subgroups 
based on patient, provider, 
facility, and device 
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X 
  

X X X X 
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Table 3. (3.4) - Continued 
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1
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X 7 

Discuss the appropriate 
communication and 
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    X       1 

Transparently report all 
analyses and findings 

X 
   

X 
 

X X X 
 

X 6 

Engagement of Key Stakeholders (38%) followed by the Selection of the Data Source 

(23%) were cited most frequently as the most important core element. The stakeholders 

cited six possible anticipated challenges during the OPC generation process. These 

challenges include (1) the availability of meaningful, accessible, and high-quality data 

sources, (2) reaching stakeholder consensus, (3) the identification and measurement of 

meaningful outcomes and crucial covariates, (4) the proper identification of medical 

devices that would benefit from OPC, (5) access to needed resources including funding, 

data sources, and willing stakeholders, and finally (6) the proper dissemination of results, 

and identification of patient-centric stakeholders. Some stakeholders presented more than 

one anticipated challenge. Access to meaningful and high-quality data sources (47%) and 

reaching stakeholder consensus (25%) were the most frequently mentioned challenges 

(Table 5 (3.5)). 
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Table 4. (3.5) - Identified Challenges 
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Stakeholder 

Consensus 

1 1 
  

2 1 1 1 
 

2 9 25

% 

Meaningful, 

Accessible, 

High-Quality 

Data Source 

2 2 3 1 1 2 1 1 1 3 17 47

% 

Identifying 

and Measuring 

meaningful 

outcomes and 

covariates 

   
2 

  
1 1 

  
4 11

% 

Identifying 

Medical 

Devices that 

would benefit 

from OPC 

      
1 1 

 
1 3 8

% 

Resources: 

Funding, data 

sources, 

patient-

centered 

stakeholders 

   1      1 2 6

% 

Disseminating 

the results 

correctly 

   1       1 3

% 

*Some stakeholders cited more than one challenge; thus the total number of cite 
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Discussion 

Elements of the Framework 

Element 1: Identification of Medical Devices for the Development OPC 

The first stage in the development of OPC is the selection of medical devices that could 

benefit from OPC. Selecting which medical devices should be used to create an OPC 

should be a careful and conscientious process. OPC generation is not required by regulatory 

bodies and may not be possible for specific devices if they lack certain characteristics. 

First, there must be a sufficient level of understanding associated with the technology, the 

natural history of the indication for the medical device, and potential alternative treatments. 

This knowledge is necessary to make decisions regarding the appropriate evaluation of the 

devices in the subsequent phases of OPC generation.  In addition, it is imperative that the 

device is sufficiently mature and characterized by available high-quality data. In less 

mature devices or for devices that are used among rare conditions, sufficient data may not 

be available characterizing the device or relevant endpoints, and a limited number of 

historical controls may exist. For these devices, Objective Performance Goals (OPGs) are 

more appropriate. OPGs are alternative to OPC and are generated with less robust data 

such as a meta-analysis of trials.5 OPGs developed over time can evolve into OPC as more 

data are collected.83  

Class III medical devices that are permanently implanted in patients should be prioritized 

given the possible severe long-term consequences of shortcomings of the device. The OPC 

should reflect the long-term durability of these devices. OPC creation should also be 
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considered in medical devices that do not currently have OPC or have outdated OPC. Due 

to the constant evolution of medical devices, OPC become outdated quickly and need to be 

updated regularly. Moreover, OPC should be updated as increasing amounts of data 

account for the improvement in outcomes or discover new adverse events. 

Previously published literature should be reviewed to identify any existing OPCs within 

the specific clinical area. It is crucial to determine which devices were used to create any 

existing OPCs, compare results from varying data sources, identify if and how patient-

reported outcomes (PROs) have been incorporated into the OPC, and if minimally 

clinically important differences have been established. Extracting this information is 

critical to determining the appropriate medical devices for OPC creation, avoiding 

redundant efforts, and informing the subsequent relevant protocol development.  

Element 2: Engagement of Key Stakeholders 

OPC generation is a collaborative effort. Various stakeholders are involved in the 

production and utilization of OPC for decision-making. Identified stakeholders that should 

be engaged in OPC generation include regulatory and notified bodies, device 

manufacturers, practicing clinicians and other relevant providers, patients or patient 

advocacy groups, data owners, payers, health technology assessment bodies, hospital 

health systems, professional organizations, data informaticians, epidemiologists and data 

analysts. The role of each stakeholder in the generation and use of OPC is delineated in 

Table 1 (3.1). 
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The establishment of an accepted OPC requires all stakeholders to be willing to support, 

provide input, and work together. Ensuring that all stakeholders are heard is instrumental 

for the performance criteria to be objective. Open discussions between stakeholders are 

imperative for a priori decision-making. Before initiating the generation of an OPC, 

stakeholders must reach a consensus on several aspects of the protocol, such as the selected 

devices, the appropriate data source, and the relevant endpoints. Clinically and statistically 

meaningful differences within the selected device endpoints should be established. 

Moreover, the risk-benefit profile all stakeholders are willing to accept should be agreed 

upon by all stakeholders prior to any analyses. The stakeholders should also determine if 

the generated OPC will be relevant only to the U.S. or internationally. Even though the 

protocol is developed a priori, all stakeholders should be afforded the opportunity to 

provide feedback on analyses and findings throughout the OPC generation process. 

Identifying and meaningfully engaging the appropriate stakeholders is paramount to 

accurately assessing medical devices and creating quality OPC. 

Element 3: Selection of an Appropriate Data Source 

The selection of an appropriate data source is consequential when establishing a relevant 

and operational OPC. Several data quality frameworks have been published and can be 

leveraged to evaluate existing candidate data sources.84,85 Any data utilized for the creation 

of OPC must be available, credible, relevant, and analyzable. Furthermore, the method 

used to collect the data, the original purpose of the data, and whether any validation of the 

data is performed should be known and taken into consideration. Each data source can vary 
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in quality.  The unique advantages and limitations of commonly used data sources in the 

evaluation of medical devices are discussed below. 

  Clinical Trials 

Data from clinical trials may be the only source of available data in instances where 

registries have not been established or have not matured enough to collect sufficient data. 

Clinical trials have the potential to produce high-quality, detailed data and have minimal 

risk of introducing confounding due to randomization. Trials, however, are limited to 

specific study populations, have low external validity, have short follow-up periods, and 

are plagued by possible high rates of loss to follow-up. They should, therefore, be leveraged 

primarily for OPG and not OPC generation. 

Registries and Coordinated Registry Networks (CRNs)   

The FDA has identified registries and Coordinated Registry Networks (CRNs) as 

potentially powerful tools for post-approval medical device evaluation.24 The Coordinated 

Registry Networks (CRNs) bring together real-world data from a variety of sources, 

including multiple different registries, to further support the real-world evidence needed 

for comprehensive device evaluation.67,86 As with all databases, the quality and capability 

of a registry plays a vital role in its ability for accurate and timely evaluations. Robust 

registries continuously and consistently collect data relevant to multiple stakeholders, 

including patients, physicians, manufacturers, and regulatory bodies. It is paramount that 

registries be generalizable to the population utilizing the medical device and afford 

evaluation meaningful outcomes that improve the quality of patient care.87 Registries that 
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incorporate standardized data elements and standardized libraries for device identification, 

such as the Fast Healthcare Interoperability Resources (FHIR) and unique device 

identifiers (UDI), should be employed. The standardization of data elements and device 

identifiers improve interoperability with other data sources and device identification 

capabilities. The International Medical Device Regulatory Forum's (IMDRF) registry 

workgroup summarized and identified the eight required characteristics of a high-quality 

registry (Figure 6 (3.3)): (1) Capture of device data, (2) Function as a quality improvement 

system, (3) Brings about the beneficial change, (4) Efficiently collects the data , (5) 

Produces actionable data (6) Exhibits  transparency, (7) Linkable to other data sources, and 

(8) Contributes to total device life cycle decisions.87 
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Figure 6. (3.3) - Eight required characteristics of a registry put forth by the 

International Medical Device Regulatory Forum's registry workgroup87 

 

High-quality registries have numerous advantages. They can capture a large number and 

variety of procedures and devices, reflect current medical practice, have high external 

validity, and have the potential for long-follow up times that allow for the assessment of 

devices over their total product life cycle. However, there are some limitations, including 

that individuals in registries are not randomized. In addition, limited demographic and 

clinical data may be collected on individuals in the registry. The risk of confounding in 

analyses may, therefore, be increased. 

•The registry must capture the unique device identifier or other 
information that allows for the unique identification of the deviceDevice Data

•The registry must be part of a health-care delivery quality 
improvement system with improved quality as its primary goal

Quality Improvement 
System

•The registry must be established to bring forth beneficial change 
in health-care deliveryBeneficial Change

•Data collection should occur at the point of care and should not 
be overly burdensomeEfficiency

• Information provided by the registry should be relevant and 
timelyActionable Data

•The governance structure, data access and analytical processes 
are transparentTransparency

•The registry can be linked with other data sources to complement 
provided existing data and increase follow-up timeLinkability

•The registry has the capability to capture the device throughout 
its lifecyle

Total Device Life 
Cycle
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  Claims 

Claims databases alone cannot be used to create OPC for specific medical devices. Claims 

produce procedure codes in the form of current procedural terminology (CPT) and 

International Classification of Diseases (ICD) codes that only identify whether a medical 

device-related procedure was performed. Given that these codes are input for billing 

purposes and not research purposes, they are not granular and cannot identify which 

specific medical device was used. High-quality registries, however, can be linked to several 

claims databases such as the Center for Medicare and Medicaid Services (CMS) claims 

and Statewide Planning and Research Cooperative System (SPARCS). Claims complement 

registries by collecting comprehensive patient-level characteristics, diagnoses, treatments, 

hospitalizations, and charges for inpatient as well as outpatient services. Thus, allowing 

researchers to evaluate all reported events or diagnoses that are related and unrelated to the 

medical device. Therefore, claims may provide complete information on experienced 

adverse events. Claims may also capture favorable outcomes that would otherwise not be 

captured by the manufacturer. Furthermore, claims have the potential to follow individuals 

over a long period of time, allowing for evaluation of long-term outcomes throughout the 

product’s life cycle.  

In sum, the preferred data sources for the development of OPC are high-quality registries 

linked with other data sources such as claims. If no national registry is available, regional, 

state , large hospital system, or international registries should be leveraged. There is 

heterogeneity in how different data sources identify, evaluate, and validate outcomes, 
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diagnoses, and procedures. Furthermore, as data sources evolve, different coding systems 

(i.e. ICD-9 and ICD-10), algorithms, definitions, and processes of evaluations may be 

employed and could affect the clinical validity of analyses. In these cases, mapping is 

needed to show how these processes and definitions change over time. A clear 

understanding and transparency regarding data documentation, collection, validation,  and 

mapping over time is needed. The data source employed for the generation of an OPC, its 

original purpose for data collection, the included available files, the available data 

elements, its validation process, and any relevant mapping must be described in detail. 

Element 4: Performance of Appropriate Statistical Analyses 

Study Populations 

Study populations need to be clearly defined by establishing appropriate inclusion and 

exclusion criteria. Stakeholders, expert opinion, and literature should be consulted to 

determine applicable criteria. Relevant subpopulations should not be excluded. Sample size 

must be driven by hypothesis and must be statistically justified.88 

Endpoints 

Endpoints assessing the effectiveness and the safety of the selected medical devices should 

be explored to determine the risk-benefit profile of the medical device. It is essential that 

stakeholder input, and patients in particular, be consulted to identify for inclusion 

meaningful endpoints as well as possible unintended consequences. Incorporating patient 

preferences when possible ensures that the patient’s experience is considered in selecting 
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endpoints. This can avoid misalignment of clinically-relevant and patient-centered success 

metrics. Relevant endpoints vary greatly by clinical area, medical device type, and patient 

groups’ needs. They can be as general as all-cause revision for orthopedic devices or as 

specific as leaks for prosthetic heart valves.3,7 Functional outcomes such as Patient-

Reported Outcomes (PRO) should be included when available. If PROs or any other 

assessments of functional status are not available, then this should be mentioned and 

explained. Short-term, long-term, major, minor, and proxies for endpoints, including 

radiographic imaging, must be identified and assessed. When captured, soft and quality 

endpoints should also be evaluated. Soft endpoints indicate that the device is failing before 

an actual clinical event due to the failure of the device has occurred. This provides a more 

accurate estimation of the time to device failure. Quality endpoints refer to the compliance 

of the device implantation protocol and may other safety and effectiveness endpoints. If an 

identified relevant endpoint occurs rarely, then a composite endpoint may need to be 

considered. All endpoint definitions must be standardized and agreed upon a priori. The 

time points for the evaluation of the selected endpoints must also be determined a priori 

during the stakeholder engagement process. 

The minimum? follow-up time required to assess the endpoints appropriately varies 

significantly between devices. OPC should be created for shorter periods, including two 

and five years, to provide suitable comparisons in single-armed trials. Many devices, 

however, are implanted for the remainder of a patient's life and, therefore, need to be 

assessed for more extended periods. If possible, a follow-up time between 10 and 15 years, 
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as well as the most prolonged time with the most complete and available data should be 

used. This will allow for the assessment of the device's durability during all the phases of 

the total product life cycle. The time points for the evaluation of the selected endpoints 

must be determined a priori during the stakeholder engagement process. 

The manner in which the outcome is captured in the dataset ought to be described and plays 

a role in the selection of that endpoint. The selection of endpoints and time points must 

also be described and justified. 

Identification and Selection of Covariates 

If available, documentation of patient-level, provider-level, and facility-level 

characteristics is critical. Furthermore, all device-related information such as material or 

version of the device should be reported when appropriate. Patients and clinicians should 

be engaged to identify common co-occurring conditions that could affect device 

performance. Common co-occurring conditions, as well as other clinical data, should be 

captured. The time periods in which baseline characteristics are to be captured must also 

be defined. Known and suspected effect modifiers should be captured, identified, and 

reported given that generated OPC may vary greatly among various disease subtypes and 

vulnerable populations. Known and measured confounders must also be captured and 

reported. Known and unmeasured confounders, such as surgeon experience and device 

implantation proficiency, should be identified, discussed, and accounted for using proxies 

when possible. All available steps should be taken to mitigate the bias of unmeasured 

confounders. 
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Many methods can be employed to determine which relevant covariates to include in 

analyses. The strengths and limitations of each approach should be considered.89 High-

quality and rich data can provide hundreds of covariates that can make variable selection a 

lengthy and complicated process. Including a large number of variables reduces the 

interpretability of the final model. It is, therefore, vital to first determine which covariates 

are clinically plausible independent variables. All irrelevant independent variables should 

be removed to achieve a balance between simplicity and fit to uphold the principle of 

parsimony.90 The final variable selection method, be that forward selection, backward 

elimination, stepwise selection, univariable selection, lasso, and elastic net approaches, 

will depend primarily on the discretion of the research team. Regardless of the variable 

selection method employed, it is good practice to justify the approach used and ensure 

goodness of fit tests to assess the model fit are performed and reported. 

   Missing Data 

The extent and type of missingness, when compared between treatment groups for which 

OPC are being created,  will provide insight as to whether there is inherent bias in the 

missing data. If the level of missingness is similar within groups, then data may be missing 

at random. If missing is disproportionally more prevalent in one group, then data may be 

missing not at random, indicating that there may be a relationship between group 

assignment and the propensity of a value being missing.91 If not addressed, this could bias 

further results. Imputation may be a possible method for addressing missing data. If a 

critical covariate is missing or a level of missingness for this covariate is high, then the 
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stakeholders may not feel comfortable imputing the data. The entire record may need to be 

removed and a proxy may need to be identified for the covariate. In the context of this 

framework, we recommend that the engaged stakeholders define a priori a level of 

missingness they are willing to accept without performing imputation. A common cutoff 

point is 10%. If less than 10% of the data are missing, then one can proceed, assuming that 

there are no missing data.92 If more than 10% of the data for a variable is missing, then an 

attempt to impute the data should be made. Missing data can be imputed using the 

technique described by Rubin et al.93 

   Statistical Analyses 

The type of endpoint determines the appropriate statistical analysis; however, within the 

medical device space, time-to-event is the primary measure of interest. Kaplan-Meier 

estimation is the primary method to assess time-to-event and rates of survivorship.94 

Survival represents the probability that the endpoint was not experienced at a specific time 

point. This methods allow for clear visualization of event rates, provides a degree of 

granularity, provides an informative absolute number instead of a relative number such as 

odds or risk, and is easily understood by relevant stakeholders. A further strength of the 

Kaplan-Meier is that it allows individuals with varying follow-up time and relevant 

procedures to contribute to the analyses. When applying a Kaplan-Meier analysis, it is 

essential to understand the mortality rate within the study population given that an 

important limitation of the Kaplan-Meier estimation is the competing risk of death and can 

thus overestimate the rate of the endpoint. Plotted cumulative incidence curves may 
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provide more insight into the presence of competing risk. If competing risk is present, 

models, including the Fine and Gray or specific hazards models can be run to calculate 

hazard ratios.95,96 If competing risk is not present, Cox proportional hazard models can be 

used. Cox proportional hazard models estimate hazard ratios implies that the risk of 

experiencing an outcome is the same across two groups over time.97 This is a strong 

assumption but one that can be tested with the data. 

When estimating the Kaplan-Meier curves and calculating hazard ratios, it is crucial to 

account for the independent variables selected in previous steps. This can be done by (1) 

adjusting the Kaplan-Meier curve for relevant identified confounders, (2) performing 

propensity score matching, or (3) utilizing inverse probability treatment weighting (IPTW). 

Adjusting for the confounders in the model is simple and conserves sample size; however, 

it may not be sufficient to ensure that the groups are comparable. Running the Kaplan-

Meier estimate on a propensity score matched sample ensures that the compared groups 

are balanced with respect to the covariates included in the propensity score.98 A potential 

drawback to propensity score matching is the loss of sample because it mimics the group 

with the smallest sample size. Finally, IPTW can be used to weight the Kaplan-Meier 

estimation.99 IPTW estimates the average treatment effect in the entire population, and 

unlike matching does not reduce the sample size.100 IPTW weighs the population and 

balances the covariates according to the overall population, allowing for the assessment of 

the counterfactual by examining the endpoint if the entire study population received the 

device. 
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Subgroup Analyses and Sensitivity Analyses 

Medical devices can elicit different responses within different subgroups of patients. 

Subgroups analyses provide a degree of flexibility for the OPC and provide further insight 

into the performance of the devices of interest.  Subgroup analyses should be performed 

among suspected effect modifiers. Sex differences are known to affect device safety and 

effectiveness and thus should be explored where appropriate.101 Furthermore, subgroup 

analyses with regards to patient-, provider-, facility-, and device-related characteristics 

should be explored where relevant and where sufficient sample size is available. Finally, 

the most significant area of uncertainty should be identified, and sensitivity analyses should 

be performed to assess the robustness of results. 

Element 5: Reporting of Findings 

All methods employed in the creation of the OPC should be described in detail. 

Transparency is crucial, given that OPC generation is dynamic. OPC are continually 

evolving as different iterations of similar devices enter the market and, thus, need to be 

updated regularly. Selected endpoints of interest, for example, may apply to the first 

iteration of a device but may not apply to a newer adopted iteration of the device. OPC will 

most likely need multiple revisions, and thus, the durability of the established OPC should 

be discussed. As previously mentioned, patient-, provider-, facility, and device-level 

characteristics should be reported when available. Clinical plausibility should be assessed 

before reporting any results. All subgroup analyses and sensitivity analyses should be made 
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available. The effects of possible unmeasured confounders and the steps taken to mitigate 

these effects should also be discussed. 

When reporting findings, the operationalization of the established OPC should be 

addressed, including the appropriate use and known limitations of the OPC in the approval 

process of devices attempting to enter the market and the regulation of devices currently 

on the market. The manner in which the OPC cannot be leveraged should also be outlined. 

To effectively do this, the limitations of the study, the evidence, and the device should be 

discussed.  

Dissemination of the OPC findings patients, caregivers, clinicians, and the public should 

occur in plain language. Communications should summarize how the OPC was determined, 

the main findings, and the implications of the findings on clinical, patient, and regulatory 

decision-making. 

Challenges 

The stakeholders cited six possible anticipated challenges during the OPC generation 

process. These challenges include (1) the availability of meaningful, accessible and high-

quality data sources, (2) reaching stakeholder consensus, (3) the identification and 

measurement of meaningful outcomes and crucial covariates, (4) the proper identification 

of medical devices that would benefit from OPC, (5) access to needed resources including 

funding, data sources, and willing stakeholders, and finally (6) the proper dissemination of 

results, and identifying stakeholders patient-centric stakeholders. Some stakeholders 

presented more than one anticipated challenge. The availability of data sources and 
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reaching stakeholder consensus were the most frequently cited challenges (Table 5). Even 

if a protocol is agreed upon by all stakeholders a priori, finding a high quality, available, 

and appropriate data source to assess selected relevant endpoints may not be possible. Data 

sources may not capture the comprehensive data needed to determine endpoints of interest, 

such as radiographic imaging. Moreover, many data sources may not have the capacity to 

capture data for a device implanted in a patient for several decades. Capture long-term data 

is instrumental, given that long-term follow-up information is needed to assess device 

integrity, an essential outcome within all Class III devices. As stated in the second element 

of the framework, reaching consensus among all involved stakeholders on the many aspects 

required for OPC generation is crucial. Reaching consensus, however, may become a 

daunting task given that all stakeholders have differing interests, priorities, and planned 

uses of the developed OPC. It is important to note that if one of the criteria of the 

framework cannot be met due to foreseen or unforeseen challenges, then the process of 

OPC generation should be temporarily discontinued until the criteria can be successfully 

met. This is instrumental in ensuring that resources are not wasted on an OPC that cannot 

be utilized by all stakeholders to its fullest extent. 

Limitations 

The development process of the framework has several limitations. Given that the OPC 

framework leveraged discussions with key stakeholders, it is important to note that the 

stakeholders provide input from their professional perspective. However, this input may 

not represent the perspective of all stakeholders or all individuals representing the 
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stakeholder. Furthermore, the discussions were not audio recorded. Relying on notetaking 

may introduce recorder bias where the notetaker determines what is important or 

significant enough to record in the notes. While we attempted to capture all stakeholder 

types involved in or affected by OPC creation, some stakeholder types indirectly involved, 

such as device engineers, may not be included. Finally, given the limited literature on OPC 

generation identified to inform portion of the framework, it is important to note that these 

recommendations may evolve as more OPC studies and clinical-areas specific guidances 

are published. 

Strengths 

The OPC framework captures key elements identified by a variety of sources, including 

published literature and stakeholder engagement, that guide the generation of high-quality 

and widely-applicable OPC. The framework encompasses a variety of perspectives through 

the engagement of individuals representing a wide variety of stakeholders involved in the 

aspects of the development and evaluation of medical devices. Furthermore, the uses and 

benefits of the OPC vary within the stakeholders, which ensures that the framework guides 

the creation of an OPC with wide applicability.  

While previous frameworks and guidance have been tailored to specific clinical areas, this 

framework is generalizable to Class III devices requiring OPC and can also be adapted to 

specific clinical areas. This addresses an important gap in the literature and provides base 

guidance to devices in clinical areas where no or little guidance exists. 
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Conclusion 

This framework provides a step-wise guide to the generation of an OPC within Class III 

medical devices. The framework consists of five core elements: (1) Identification of 

Medical Devices for the Development of OPC, (2) Engagement of Key Stakeholders, (3) 

Selection of Data Source, (4) Performance of Appropriate Statistical Analyses, (5) 

Reporting of Findings. This framework may provide the needed foundation for 

organizations developing clinical area specific guidance, government agencies providing 

guidance related to OPC for regulatory purposes, and for investigators interested in 

contributing to OPC generation. 
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4. Specific Aim 2: The Association of Major Adverse Limb Events 

and Combination Stent and Atherectomy in Patients Undergoing 

Revascularization for Lower Extremity Peripheral Artery Disease 

Abstract 

Background: The effectiveness of combined atherectomy and stenting relative to use of 

each procedure alone for the treatment of lower extremity peripheral artery disease has not 

been evaluated. The objective of this study was to evaluate the short- and long-term major 

adverse limb event (MALE) following the receipt of stent, atherectomy, and the 

combination of stent and atherectomy. 

Methods: A retrospective cohort of patients undergoing atherectomy, stent, and 

combination stent atherectomy for lower extremity peripheral artery disease was derived 

from the Vascular Quality Initiative (VQI) dataset. The primary outcome was MALE and 

was assessed in the short-term and long-term. Short-term MALE was assessed immediately 

following the procedure to discharge and estimated using logistic regression. Long-term 

MALE was assessed after discharge to end of follow-up and estimated using the Fine-Gray 

subdistribution hazard model.  

Results: Among the 46108 included patients, 6896 (14.95%) underwent atherectomy 

alone, 35774 (77.59%) received a stent, and 3438 (7.5%) underwent a combination of stent 

and atherectomy. The adjusted model indicated a significantly higher odds of short-term 

MALE in the atherectomy group (OR=1.34; 95%CI:1.16-1.56), and not significantly 

different odds (OR=0.94;95%CI:0.77-1.14) in the combination stent and atherectomy 
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group when compared to stent alone. With regards to long-term MALE, the model 

indicated that the likelihood of experiencing the outcome was slightly lower (HR=0.90; 

95%CI:0.82-0.98) in the atherectomy group, and not significantly different (HR=0.92; 

95%CI:0.82-1.04) in the combination stent and atherectomy group when compared to the 

stent group. 

Conclusions: Patients receiving combination stent and atherectomy do not experience 

significantly different rates of MALE from stent alone.  These findings may indicate that 

the appropriate patient population is receiving the combined treatment. The combined 

treatment may be needed to ensure the risk of amputation among these patients is similar 

to those receiving stent alone. 
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Introduction 

Lower extremity peripheral artery disease (PAD), defined as the altered state and declining 

function of peripheral arteries due to the buildup of plaque, affects approximately 10% of 

the United States (US) population. 33–35 This buildup can reduce or completely block the 

blood flow to a muscle group and can lead to loss of limb and death. Of the affected 

population, 10% to 35% present with intermittent claudication, defined as cramping in the 

lower extremity during exercise, and 1% to 2% present with a threatened limb.36  In this 

case, the artery has narrowed to the point where the extremity is no longer receiving enough 

blood at rest. This level of ischemia can cause tissue loss, gangrene, and can eventually 

lead to the required amputation of the limb. The one-year mortality rate among patients 

with severe chronic PAD is up to 45%.37 

Preventative strategies, including pharmacological interventions and lifestyle 

modifications, focus primarily on risk modification and are employed in patients with 

PAD.43,44 In severe cases where preventative strategies are not appropriate, percutaneous 

interventions, such as endovascular and surgical methods, are available to treat vascular 

lesions. Patients with severe claudication that limits their ability to perform daily tasks or 

work are less likely to benefit from exercise and pharmacological therapy. Successful 

revascularization treatments, including atherectomy and stent placement, can substantially 

improve the quality of life in these patients.45,46 Revascularization treatments are, however, 

also associated with several complications such as vessel thrombosis, infection, and 

embolization.  
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Stent placement involves the insertion of a small tube into a weak or narrow vessel to 

support or expand the vessel, thus allowing oxygen-rich blood to flow unobstructed. 

Atherectomy involves the removal of plaque using a device to vaporize, push, or extract 

the plaque from the vessel. Data have indicated that atherectomy alone is not superior to 

stenting or angioplasty.55,73 Atherectomy is, however, commonly used prior to stenting in 

order to prepare the vessel. This allows for the prevention of incomplete stent expansion 

and can decrease the risk of restenosis.57 Thus far, the effectiveness of atherectomy 

combined with stenting, has not been evaluated even though it is frequently used in practice 

and represents an important gap in the literature. 

Potential complications from revascularization treatments are severe and can be life-

threatening.61 Evaluating whether the exposure to both is more efficacious or safe than 

stent or atherectomy use alone will shed light on whether the combination benefits the 

patients or exposes them to increased risk. If the combination is shown to be inferior or 

similar to stenting alone, then the unnecessary costs of atherectomy in the stenting 

procedure can be avoided. The objective of this study was, therefore, to evaluate the short- 

and long-term major adverse limb event (MALE) rates following the receipt of stent, 

atherectomy, and the combination of stent and atherectomy in patients with lower extremity 

peripheral artery disease (PAD). Findings from this research will inform safe and effective 

practice that may decrease unnecessary costly care. 
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Methods 

Data Source and Study Design 

This retrospective observational study utilized data from the Vascular Quality Initiative 

(VQI) registry. The VQI is a registry for vascular procedures performed between January 

1, 2010, and September 30, 2018. The VQI is governed by the Society for Vascular 

Surgeons (SVS) and includes data from over 500 academic and community hospitals across 

the US and Canada. The dataset collects patient characteristics (i.e., demographics,) and 

clinical information (i.e., medical comorbidities, device type, lesion length, procedure 

type). Clinical data are collected pre-, intra- and post-operatively on several commonly 

performed vascular procedures.58 

Study Cohort 

Patients receiving atherectomy or stenting for symptomatic arterial occlusive disease in a 

lower extremity non-aortic vein between January 2010 and September 2018 comprised the 

study cohort. Asymptomatic patients should not be receiving percutaneous treatment, and 

therefore any percutaneous treatment would be contra-indicated. Patients who previously 

received a stent or atherectomy procedure were excluded to mitigate potential 

misclassification of adverse events to the current atherectomy, stent, or the combination of 

stent placement and atherectomy observed in the dataset. We excluded patients who 

experienced an endpoint of interest because the focus of this study was on new events and 

not recurrent events.  
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Exposure 

The study cohort was stratified into three subgroups based on the type of procedure 

received: (1) atherectomy alone, (2) stent placement alone, and (3) combination of stent 

placement and atherectomy. The exposure index date was the date of their first identified 

procedure. 

Covariates 

To control for potential confounding, several covariates were collected at baseline, pre- 

and post-operatively. Baseline characteristics were captured on the exposure index date. 

Demographics and Prior Medical History 

The patient demographics collected in the registry included age, sex, race, ethnicity, height, 

weight, calculated body mass index (BMI), smoking status, primary insurer, ambulatory 

status, and living status. Smoking status and medical conditions were recorded due to their 

association with PAD diagnosis and their increased risk of post-procedural outcomes.42,102–

104 A history of a diagnosis of the following medical conditions and procedures were 

recorded: cerebrovascular disease, coronary artery disease, and chronic obstructive 

pulmonary disorder (COPD), previous aortic aneurysms, and vascular interventions such 

as coronary artery bypass surgery, carotid artery stenting (CAS), and carotid 

endarterectomy (CEA) were captured.  

 Pre-operative Characteristics 

Current medical conditions and medication use occurring within 30 days before the 

procedure included dysrhythmia, diabetes, and receipt of dialysis, anticoagulants, blood 
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pressure/heart failure medication, platelet, statin, and cilostazol. Cardiovascular 

conditions, such as atrial fibrillation, diabetes, and chronic kidney disease, are associated 

with the diagnosis and severity of PAD and meaningful outcomes, including amputation 

and mortality.103,105,106 Anticoagulant use is associated with improved outcomes among 

patients with PAD.107 Antiplatelet use108, statin use109,110, and aspirin107 have a positive 

effect on PAD outcomes. Cilostazol use may improve walking distance among patients 

suffering from intermittent claudication.111,112 Other baseline characteristics include the 

classification of the patient's health status by the American Society of Anesthesiologists 

(ASA),113 functional status, and ambulation status. This classification is used to assess the 

fitness of a patient before surgery. For the ASA classification, the patient’s fitness level is 

given a score from 1 to 5, 1 representing a healthy patient and 5 representing a patient that 

is not expected to survive without surgery. Furthermore, the ankle-brachial and toe-brachial 

index scores were recorded. The ankle- and toe-brachial index test measures blood flow by 

comparing the blood pressure measured at the ankle or toe with the blood pressure 

measured at the arm. The index test ranges between 0 and 1.30. The lower the index score, 

the higher the likelihood of blockage and pain due to restricted blood flow.114  

Indication- and Procedure-Specific Characteristics 

Indication- and procedure-specific characteristics were captured at baseline. The symptoms 

within each leg were characterized by the presence of claudication or critical limb 

ischemia. If tissue loss or infection were indicated, then the grade was described. 

Procedure-related characteristics included the setting in which the procedure was 
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performed, the urgency of the procedure, the number and types of arteries treated, access 

side, and TransAtlantic Inter-Society Consensus (TASC) Grade.115,116 The TASC grade 

classifies lesions and determines the recommended treatment, either surgical or 

endovascular. The receipt concomitant endovascular procedures or bypass was recorded. 

Concomitant procedures may be indicators for the severity of the occlusive disease and 

may affect the risk of experiencing an outcome.  

Post-Operative Characteristics 

Length of stay after the procedure and discharge status were recorded. Similar to the 

medication information collected pre-operatively, receipt of anticoagulants, blood 

pressure/heart failure medication, platelets, statin, and cilostazol were recorded from the 

procedure date to the discharge date from the hospital. The receipt of an anticoagulant or 

antiplatelet medication has been associated with a reduced risk of thrombosis, limb loss, 

restenosis, and reocclusion after a procedure.117–119  

Endpoints 

The primary endpoint of interest was a major adverse limb event (MALE).61 MALE 

encompasses above the ankle amputations and major reinterventions, such as a bypass graft 

revision. MALE was assessed in the short-term, from the time of the procedure until 

hospital discharge, and in the long-term, post-discharge until loss to follow-up. 

Statistical Analysis 

Descriptive and bivariate analyses were conducted using means and frequency tests for 

categorical variables and means and standard deviations for continuous variables to 
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compare the patient characteristics in the stent, atherectomy, and combination stent and 

atherectomy group. Chi-squared tests and the analysis of variance (ANOVA) tests were 

used for categorical and continuous variables, respectively, to compare the patient 

characteristics in the atherectomy-only, stent-only, and combination stent and atherectomy 

group.120  

Prior to model specification, correlation matrices were created for all covariates to check 

for correlations greater than .85. Stepwise regression with forwards and backwards 

selection was utilized for model specification for short-term and long-term MALE.121 A p-

value of 0.10 is required for entry, and p-value of 0.05 is required to exit. For variables of 

interest with more than 60% of missing data, potential proxies were identified through 

cross-tabulation and correlation matrices. Patients with more than 8 variables of interest 

missing were removed from the analytic cohort. For variables of interest without high 

levels of missingness, multiple imputation by fully conditional specification was used to 

generate 20 datasets and impute multivariate missing data among all binary or categorical 

variables.122–124 

Logistic regression was used to calculate the risk of short-term MALE. The known 

competing risk of mortality must be accounted for when assessing the risk of long-term 

MALE. Cumulative incidence functions (CIFs) were used to estimate the incidence of each 

of the different types of competing risks in the long-term. Accounting for competing risk 

is needed since the Kaplan-Meier survival function will overestimate the incidence of the 

outcome of interest when competing risks are present and not accounted for.96 The Fine-
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Gray sub-distribution hazard model was employed to estimate time-to-event and 

survivorship rates for long-term MALE while accounting for competing risks.94,95 

Subgroup Analysis 

Subgroup analyses were performed in high-risk groups and among known effect 

modifiers.125 These included subgroup analyses among (1) patients above the age of 80, 

(2) different sexes, (3) patients with acute ischemia, (4) patients receiving urgent 

procedures, (5) patients receiving treatment on more than one artery, and (6) by artery 

type.. Patients  above the age of 80  are more vulnerable and more likely to suffer 

complications from operations than younger Patients. Sex is a known moderator of 

effectiveness and safety outcomes.125,126 Patients who present with acute ischemia, need an 

urgent procedure, or receive treatment for multiple arteries suffer from a severe form of 

arterial occlusive disease. These patients may be inherently different from patients 

presenting with non-critical symptomology and receiving non-urgent procedures. The 

safety and effectiveness of stent or atherectomy may thus differ from patients with less 

severe forms of occlusive disease. 

Sensitivity Analyses 

Sensitivity analyses were conducted to test the robustness of our findings. More 

Specifically, the Least Absolute Shrinkage and Selection Operator (LASSO) method was 

used to respecify the model to test the sensitivity of the model specification method and 

ensure that the proper variables are account for.127 Possible important confounders, such as 

the surgeon’s experience and patient’s lifestyle choices related to diet and exercise, are not 
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captured within the VQI registry. A bias analysis was performed to determine whether 

unmeasured confounders may explain away the findings. The influence of unmeasured 

confounders is assessed by quantifying the minimum strength of association with the 

exposure and the outcome, given that all measured covariates are accounted for.128  

All analyses were conducted in SAS Studio. The data obtained were de-identified and the 

study determined as exempt by the university’s investigational review board (IRB). 

Results 

Study Population 

In the VQI database, 98868  patients underwent an atherectomy or stent placement 

procedure for a non-aortic vein between January 2010 and September 2018. After applying 

the exclusion criteria, 46108 patients remained with 26350 experiencing long-term follow-

up (Figure 7 (4.1)).   
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Figure 7 (4.1) - CONSORT Diagram outlining Exclusion Criteria 

 

Patients Undergoing Atherectomy or Stent 

Placement for non-aortic vein

Claims=124256

N=98868

Exclusion: No Diagnosis of symptomatic arterial occlusive 

disease in the lower extremity

Excluded Claims=5265

Excluded N=3721

Claims=118991

N=95147

Exclusion: Patient had a PVI interventions including 

previous atherectomy or stent placement

Excluded Claims=68990

Excluded N=45534

Claims=50001

N=49612

Exclusion: Patient previously underwent an amputation

Excluded Claims=3525

Excluded N=3136

Claims=46476

N=46146

Claims=46146

N=46146

Exclusion: Identifying the first procedure

Excluded Claims=330

Excluded N=0

Exclusion: More than 8 variables of interest missing

Excluded N=38

Patients with Short-Term Data

N=46108

Patients with Long-Term Data

Claims=26350

N=26350

Exclusion: No long-term follow-up data available

Excluded N=19758
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Demographics 

Among the 46108 included patients, 6896 (14.95%) underwent atherectomy alone, 35774 

(77.59%) received a stent, and 3438 (7.5%) underwent a combination stent placement and 

atherectomy. The average age was 70.03 years (standard deviation (SD)=11.69) among 

patients undergoing atherectomy, 67.33  (SD=11.30) among those undergoing stent 

placement, and 69.48 (SD=11.25) of those undergoing combination stent and atherectomy. 

In all groups, patients were primarily male, non-Hispanic, white, living at home, and 

covered by Medicare or commercial insurance. A greater proportion of patients receiving 

atherectomy were diagnosed with cerebrovascular disease (8.50%), coronary artery disease 

(20.74%), and received previous coronary intervention (8.29%). Demographic 

characteristics and prior medical history are described in Table 6 (4.1). 

Table 5. (4.1) - Comparison of baseline demographics  and prior medical history 

between those with stent, atherectomy, and combination stent atherectomy 

 Atherectomy Stent Combination 

Stent 

Atherectomy 

p-

value 

N=46108 6896  35774  3438   

Age (mean, std) 70.03 11.69 67.33 11.30 69.48 11.25 <.0001 

Age Category (n,%)       <.0001 

<40 48 0.70 245 0.68 16 0.47  

40-49 248 3.60 1619 4.53 106 3.08  

50-59 1038 15.05 7331 20.49 536 15.59  

60-69 2016 29.23 11599 32.42 1087 31.62  

70-79 1901 27.57 9401 26.28 986 28.68  

80-89 1343 19.48 4617 12.91 565 16.43  

>89 302 4.38 962 2.69 142 4.13  

Sex (n,%)       .0192 

Missing/Unknown 0 0.00 2 0.01 0 0.00  

Male 4000 58.00 20298 56.74 2040 59.34  

Female 2896 42.00 15474 43.25 1398 40.66  

Ethnicity (n,%)       <.0001 

Missing/Unknown 17 0.25 173 0.48 10 0.29  

Non-Hispanic 6470 93.82 34175 95.53 3272 95.17  

Hispanic 409 5.93 1426 3.99 156 4.54  
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Table 5. (4.1) - Continued 

 Atherectomy Stent Combination 

Stent 

Atherectomy 

p-

value 

Race (n,%)       <.0001 

American Indian or Alaskan 62 0.90 117 0.33 17 0.49  

Asian 82 1.19 329 0.29 31 0.90  

Black or African-American 1297 18.81 4578 12.80 551 16.03  

White 5087 73.77 29397 82.17 2728 79.35  

Missing/Unknown/Other 368 5.34 1353 3.78 111 3.23  

Height – inches (mean, std) 169.89 10.58 169.06 10.32 69.48 11.25 <.0001 

Weight – lbs (mean, std) 81.89 20.80 78.45 19.62 80.06 19.77 <.0001 

BMI (mean, std) 28.28 6.33 27.37 6.12 27.56 6.03 <.0001 

BMI Category (n,%)       <.0001 

Underweight 253 3.67 1815 5.07 144 4.19  

Normal Weight 2020 29.29 11776 32.92 1115 32.43  

Overweight 2248 32.60 11848 33.12 1142 33.22  

Obese 2375 34.44 10335 28.89 1037 30.16  

Primary Insurer (n,%)       <.0001 

Missing/Unknown 434 6.29 3971 11.10 203 5.90  

Medicare 3760 54.52 15147 42.34 1861 54.13  

Medicaid 397 5.76 2373 6.63 221 6.43  

Commercial 2109 30.58 12523 35.01 1081 31.44  

Military/VA 63 0.91 329 0.92 25 0.73  

Non-US Insurance 2 0.03 557 1.56 0 0.00  

Self-Pay 131 1.90 874 2.44 47 1.37  

Smoking Status (n,%)       <.0001 

Missing/Unknown 15 0.22 35 0.10 9 0.26  

Never 2230 32.34 5201 14.54 664 19.31  

Prior 3644 38.34 13644 38.14 1433 41.38  

Current 2007 29.10 16894 47.22 1332 38.74  

Living Status (n,%)       <.0001 

Missing/Unknown 57 0.83 143 0.40 37 1.08  

Home 6511 94.42 34559 96.60 3264 94.94  

Nursing Home 328 4.76 1072 3.00 137 3.98  

        

History of Medical Conditions 

Cerebrovascular Disease 
(n,%) 

      <.0001 

Missing/Unknown 2920 42.31 19489 54.48 1430 41.59  

No 3390 49.16 14178 39.63 1749 50.87  

Yes 586 8.50 2107 5.89 259 7.53  

Coronary Artery Disease 
(n,%) 

      .0050 

Missing/Unknown 5 0.07 22 0.06 2 0.06  

No 5461 79.19 29021 81.12 2755 80.13  

Yes 1430 20.74 6731 18.82 681 19.81  
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Table 5. (4.1) - Continued 

 Atherectomy Stent Combination 

Stent 

Atherectomy 

p-

value 

Chronic Obstructive 
Pulmonary Disease (COPD) 
(n,%) 

      <.0001 

Missing/Unknown 6 0.09 12 0.03 0 0.00  

No 5485 79.54 26037 72.78 2607 75.83  

Yes 1405 20.37 9725 27.18 831 24.17  

Aortic Aneurysm (n,%)       .0626 

Missing/Unknown 93 1.35 501 1.40 56 1.63  

No 6770 98.17 34995 97.82 3360 97.73  

Yes 33 0.48 278 0.78 22 0.64  

Previous Coronary 
Intervention (n,%) 

      .0086 

No 6324 91.71 33183 92.76 3176 92.38  

Yes 572 8.29 2591 7.24 262 7.62  

Pre-operatively, a greater percentage of patients receiving atherectomy were diagnosed 

with dysrhythmia, diabetes, and dialysis, and were more likely to receive anticoagulants. 

Among all treatment groups, more than 75% were fully ambulatory before the procedure. 

All pre-operative characteristics are summarized in Table 7 (4.2).   

Table 6. (4.2) - Comparison of pre-operative characteristics between those with 

stent, atherectomy, and combination stent atherectomy 

 Atherectomy Stent Combination 

Stent 

Atherectomy 

p-

value 

N 6896  35774  3438   

Conditions  

Pre-Operative Dysrhythmia 
(n,%) 

      <.0001 

Missing/Unknown 2920 42.34 19490 54.48 1430 41.59  

No 3163 45.87 14003 39.14 1687 49.07  

Yes 813 11.79 2281 6.38 321 9.34  

Pre-Operative Diabetes 
(n,%) 

      <.0001 

Missing/Unknown 2 0.03 9 0.03 1 0.03  

No 3046 44.17 22033 61.59 1890 54.97  

Yes 3848 55.80 13732 38.39 1547 45.00  
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Table 6. (4.2) - Continued 

 Atherectomy Stent Combination 

Stent 

Atherectomy 

p-

value 

Pre-Operative Dialysis 
(n,%) 

      <.0001 

Missing/Unknown 1 0.01 3 0.01 0 0.00  

No 6194 89.82 34211 95.63 3230 93.95  

Yes 701 10.17 1560 4.36 208 6.05  

Medication Usage  

Receipt of Any 
Anticoagulant (n,%) 

      <.0001 

Missing/Unknown 5 0.07 31 0.09 4 0.12  

No 5897 85.51 32146 89.86 3045 88.57  

Yes 994 14.41 3597 10.05 389 11.31  

Receipt of Blood 
Pressure/Heart Failure 
Medication (n,%) 

      <.0001 

Missing/Unknown 2109 30.58 10087 28.20 1049 30.51  

No 715 10.37 4921 13.76 366 10.65  

Yes 4072 59.05 20766 58.05 2023 58.84  

Receipt of Platelets (n,%)       .0160 

Missing/Unknown 5 0.07 13 0.04 5 0.15  

No 1996 28.94 9997 27.94 992 28.85  

Yes 4895 70.98 25764 72.02 2441 71.00  

Receipt of Cholesterol 
Medication – Statin (n,%) 

      <.0001 

Missing/Unknown 3 0.04 11 0.03 4 0.12  

No 2582 37.44 12522 35.00 1304 37.93  

Yes 4311 62.51 23241 64.97 2130 61.95  

Receipt of Claudication 
Medication – Cilostazol 
(n,%) 

      <.0001 

Missing/Unknown 2922 42.37 19496 54.50 1431 41.62  

No 3744 54.29 15089 42.18 1843 53.61  

Yes 230 3.34 1189 3.32 164 4.77  

Functionality Measures  

American Society of 
Anesthesiologists Class 
(n,%) 

      <.0001 

Missing/Unknown 4171 60.48 17084 47.76 2089 60.76  

Healthy 52 0.75 357 1.00 23 0.67  

Mild Systemic diseases 695 10.08 4829 13.50 397 11.55  

Severe Systemic Diseases 1708 24.77 12012 33.58 820 23.85  

Severe Systemic Diseases – 
Threat to Life 

270 3.92 1468 4.10 108 3.14  

Moribund – Not expected to 
survive without operation 

0 0.00 24 0.07 1 0.03  
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Table 6. (4.2) - Continued 

 Atherectomy Stent Combination 

Stent 

Atherectomy 

p-

value 

Pre-Operative Ankle-
Brachial Index Category 

(n,%) 

      <.0001 

Missing/Unknown 2012 29.18 9423 26.34 966 28.10  

No Blockage 273 3.96 539 1.51 61 1.77  

Mild Blockage 641 9.30 2418 6.76 221 6.43  

Moderate Blockage 2532 36.72 15929 44.53 1552 45.14  

Severe Blockage 691 10.02 5702 15.94 438 12.74  

Rigid Arteries 747 10.83 1763 4.93 200 5.82  

Pre-Operative Toe-Brachial 
Index Category (n,%) 

      <.0001 

Missing/Unknown 6261 90.79 31391 87.75 3152 91.68  

No Blockage 4 0.06 24 0.07 1 0.03  

Mild Blockage 17 0.25 81 0.23 5 0.15  

Moderate Blockage 201 2.91 1319 3.69 87 2.53  

Severe Blockage 382 5.54 2803 7.84 180 5.24  

Rigid Arteries 31 0.45 156 0.44 13 0.38  

Functional Status (n,%)       <.0001 

Missing/Unknown 2978 43.18 19715 55.11 1458 42.41  

Full Functionality 1906 27.64 9357 26.16 1007 29.29  

Light work 919 13.33 3616 10.11 453 13.18  

Self-Care 723 10.48 2171 6.07 359 10.44  

Assisted Care 340 4.93 851 2.38 150 4.36  

Bed Bound 30 0.44 64 0.19 11 0.32  

Ambulation (n,%)       <.0001 

Missing/Unknown 66 0.96 272 0.76 33 0.96  

Fully Ambulatory 5189 75.25 29066 81.25 2721 79.14  

Ambulatory with Assistance 1260 18.27 5155 14.41 499 14.51  

Wheelchair 327 4.74 1097 3.07 161 4.68  

Bedridden 54 0.78 184 0.51 24 0.70  

A greater percentage of patients receiving atherectomy presented with critical limb 

ischemia (60.03%), followed by the combination stent and atherectomy group (50.12%), 

and stent group (46.54%). For all treatment subgroups, the procedure was primarily 

elective, and almost no concomitant endovascular or bypass procedures were performed. 

The procedure and indication-specific details are summarized in Table 8 (4.3).  
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Table 7. (4.3) - Comparison of procedure- and indication-specific between those 

with stent, atherectomy, and combination stent atherectomy 

 Atherectomy Stent Combination 

Stent 

Atherectomy 

p-

value 

N 6896  35774  3438   

Number of Arteries Treated 
(n,%) 

      <.0001 

1 3575 51.84 16617 46.45 1359 39.53  

2 2037 29.54 12911 36.09 1132 32.93  

>=3 1284 18.62 6246 17.49 947 27.55  

Type of Artery Treated       <.0001 

Missing/Unknown 0 0.00 2 0.01 0 0.00  

Iliac 141 2.04 20405 57.04 525 15.27  

Femoropopliteal 5112 74.13 14483 40.48 2727 79.32  

Tibial 1643 23.83 884 2.47 186 5.41  

Leg Symptoms, (n,%)       <.0001 

Missing/Unknown 20 0.29 78 0.22 5 0.15  

Claudication 2718 39.41 19045 53.24 1710 49.74  

Critical Limb Ischemia 4158 60.30 16651 46.54 1723 50.12  

Acute Ischemia, (n,%)       <.0001 

Missing/Unknown 6780 98.32 34801 97.28 3387 98.52  

Viable 50 0.73 345 0.96 19 0.55  

Threatened 60 0.87 608 1.70 31 0.90  

Non-Viable 6 0.06 20 0.06 1 0.03  

Tissue Loss, (n,%)       <.0001 

Missing/Unknown 5155 74.75 31877 89.11 2832 82.37  

Grade 1, shallow 1170 16.97 2508 7.01 391 11.37  

Grade 2, Deep 484 7.02 1119 3.13 177 5.15  

Grade 3, Extensive 87 1.26 270 0.75 38 1.11  

Infection, (n,%)       <.0001 

Missing/Unknown 5162 74.85 31868 89.08 2830 82.32  

Grade 0, None 1052 15.26 2361 6.60 385 11.20  

Grade 1, Mild 394 5.71 850 2.38 134 3.90  

Grade 2, Moderate 225 3.26 556 1.55 69 2.01  

Grade 3, Severe 63 0.91 139 0.39 20 0.58  

Setting, (n,%)       <.0001 

Missing/Unknown 2925 42.42 19489 54.48 1431 41.62  

Outpatient 2107 30.55 8753 24.47 947 27.55  

Inpatient 1183 17.15 7072 19.77 544 15.82  

Ambulatory Center 471 5.83 292 0.82 164 4.77  

Office 210 3.05 168 0.47 352 10.24  

Urgency, (n,%)       .0281 

Missing/Unknown 9 0.13 13 0.04 3 0.09  

Elective 5883 85.31 30487 85.22 2945 85.66  

Urgent 1004 14.56 5274 14.74 490 14.25  
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Table 7. (4.3) - Continued 

 Atherectomy Stent Combination 

Stent 

Atherectomy 

p-

value 

Access Side, (n,%)       <.0001 

Missing/Unknown 81 1.17 415 1.16 46 1.34  

Right 3591 52.07 22795 63.72 1831 53.26  

Left 3224 46.75 12565 35.12 1561 45.40  

TASC Grade, (n,%)       <.0001 

Missing/Unknown 1672 24.25 6188 17.30 628 18.27  

A, Lesions would greatly 
benefit from endovascular 

management 

1142 16.56 8668 24.23 435 12.65  

B, Lesions would somewhat 
benefit from endovascular 

management 

1298 18.82 8032 22.45 631 18.35  

C, Lesions would have 
long-term benefits from 

surgical management 

1060 15.37 5870 16.41 750 21.82  

D, Lesions should only be 
treated by open surgery 

996 14.44 2954 8.26 614 17.86  

Protect Adjacent Artery 728 10.56 4062 11.35 380 11.05  

Concomitant Endovascular 
Procedure, (n,%) 

      <.0001 

No 5653 81.98 32786 91.65 2816 81.91  

Yes 1243 18.02 2988 8.35 622 18.09  

Concomitant Bypass, (n,%)       <.0001 

No 6893 99.96 35495 99.22 3433 99.85  

Yes 3 0.04 279 0.78 5 0.15  

Greater than 89% of the overall cohort was discharged to home following the procedure. 

Similar to pre-operative characteristics, a greater portion of atherectomy patients received 

anticoagulants (16.69%) and blood pressure/heart failure (57.90%) medications at 

discharge. Stent patients primarily received platelets (92.22%) and statins (72.32%) at 

discharge while combination stent and atherectomy patients primarily received cilostazol 

(2.97%). Post-operative and discharge characteristics are described in Table 9 (4.4).  
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Table 8. (4.4) - Comparison of discharge status between those with stent, 

atherectomy, and combination stent atherectomy 

 Atherectomy Stent Combination 

Stent 

Atherectomy 

p-

value 

N 6896  35774  3438   

Length of Stay, (mean, std) 1.63 4.47 2.21 8.55 1.51 7.57 <.0001 

Discharge Status, (n,%)       <.0001 

Missing/Unknown 28 0.41 73 0.20 6 0.17  

Home 6165 89.40 32022 89.51 3109 90.43  

Assisted Living 674 9.77 3361 9.40 309 8.99  

Dead 29 0.42 318 0.89 14 0.41  

Receipt of Any 
Anticoagulant at discharge 
(n,%) 

      <.0001 

Missing/Unknown 49 0.71 295 0.82 26 0.76  

No 5696 82.60 30629 85.62 2943 85.60  

Yes 1151 16.69 4850 13.56 469 13.64  

Receipt of Blood 
Pressure/Heart Failure 
Medication at discharge 
(n,%) 

      <.0001 

Missing/Unknown 2428 35.21 12585 35.18 1250 36.36  

No 475 6.89 3201 8.95 252 7.33  

Yes 3993 57.90 19988 55.87 1936 56.31  

Receipt of Platelets at 
discharge (n,%) 

      .0002 

Missing/Unknown 47 0.68 273 0.76 23 0.67  

No 800 11.60 2510 7.02 248 7.21  

Yes 6049 87.82 32991 92.22 3167 92.12  

Receipt of Cholesterol 
Medication – Statin at 
discharge (n,%) 

      <.0001 

Missing/Unknown 46 0.67 280 0.78 23 0.67  

No 2032 28.49 9621 26.81 1042 30.31  

Yes 4818 69.87 25873 72.32 2373 69.02  

Receipt of Claudication 
Medication – Cilostazol at 
discharge (n,%) 

      <.0001 

Missing/Unknown 2938 42.60 19668 54.98 1437 41.80  

No 3740 54.23 15044 42.05 1850 53.81  

Yes 218 3.16 1062 2.97 151 4.39  

The study cohort with long-term follow-up is described in Table 17 (A2.1) of the 

Appendix. 
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Model Selection 

Model selection for short-term MALE and long-term MALE were performed on separate 

imputed datasets.129 Through model selection, the following variables were identified for 

inclusion in the evaluation of short-term MALE: age, race, history of cerebrovascular 

disease, history of aortic aneurysm, living status, receipt of pre-operative dialysis, receipt 

of platelets pre-operatively, previous coronary intervention, number of arteries treated, 

artery type, presented leg symptoms, procedure urgency, TASC grade, receipt of a 

concomitant endovascular procedure, and discharge status. In addition to the identified 

variables through stepwise regression, the following variables were included due to their 

known association with the treatment and outcome: sex, pre-operative smoking status, pre-

operative ambulation status, and receipt of a concomitant bypass procedure. 

For the evaluation of long-term MALE, the following covariates were identified through 

model selection: age, sex, race, BMI category, history of COPD, living status, diagnosis of 

diabetes, receipt of pre-operative dialysis, receipt of blood pressure/heart failure 

medication pre-operatively, receipt of platelets pre-operatively, number of arteries treated, 

artery type, presented leg symptoms, procedure urgency, TASC grade, receipt of a 

concomitant endovascular procedure, and discharge status. Similar to the short-term 

MALE model, the following variables were included due to their known association with 

the treatment and outcome: pre-operative smoking status, pre-operative ambulation status, 

and receipt of a concomitant bypass procedure.  
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Risk of MALE 

A greater proportion of patients receiving atherectomy experienced a short-term MALE 

(5.22%), followed by patients receiving combination stent and atherectomy (3.90%) and 

patients receiving stent alone (2.81%). The prevalence of short-term endpoints of interest 

is summarized in Table 10 (4.5). 

Table 9 (4.5) - Comparison of short-term endpoints and long-term endpoints 

between those with stent, atherectomy, and combination stent atherectomy 

 Atherectomy Stent Combination Stent 

Atherectomy 

p-

value 

Short-Term Endpoints 

N=46108 6896  35774  3438   

Subsequent Treatment 
(n,%) 

      <.0001 

None 6790 98.46 35568 99.42 3391 98.63  

Yes 65 1.54 106 0.58 23 1.37  

Amputation (n,%)       <.0001 

No 6627 96.10 35016 97.88 3349 97.41  

Yes 269 3.90 758 2.12 89 2.59  

Mortality (n,%)       .1418 

No 6455 93.60 33605 93.94 3252 94.59  

Yes 441 6.40 2169 6.06 186 5.41  

MALE – Major Adverse 

Limb Event (n,%) 

      <.0001 

No 6536 94.78 34767 97.19 3304 96.10  

Yes 360 5.22 1007 2.81 134 3.90  

Long-Term Endpoints 

N=26350 3376  21189  1785   

Average Follow-Up Days 
(mean, std) 

823.39 774.66 1012.06 873.39 805.23 739.71 <.0001 

Retreatment (n,%)       <.0001 

No 2977 88.18 19165 90.45 1564 87.62  

Yes 399 11.82 2024 9.55 221 12.38  

Amputation (n,%)       <.0001 

No 2963 87.77 19642 92.70 1642 91.99  

Yes 413 12.23 1547 7.30 143 8.01  

MALE – Major Adverse 

Limb Event (n,%) 

      <.0001 

No 2661 78.82 17966 84.79 1466 82.13  

Yes 715 21.18 3223 15.21 319 17.87  

Death (n,%)        <.0001 

Yes 2827 83.74 18457 87.11 1531 85.77  

No 549 16.26 2732 12.89 254 14.23  
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The adjusted model indicated a significantly higher odds (OR=1.34; 95%CI:1.16-1.56) of 

short-term MALE in the atherectomy group compared to the stent group. The odds of short-

term MALE were not significantly different (OR=0.94;95%CI:0.77-1.14) when comparing 

the combination stent and atherectomy group to the stent group alone (Table 11 (4.6)). Full 

model results for short-term MALE are shown in Table 18 (A2.2) of the Appendix. 

Table 10. (4.6) - Unadjusted and adjusted odds ratios of short-term MALE and 

hazard ratios of long-term MALE 

Outcome: Short-term MALE 

Parameter  Odds Ratio 95% Confidence Limits P-value 

Unadjusted Model 

Treatment Stent REF    

 Atherectomy 1.90 1.68 2.15 <.0001 

 Stent and Atherectomy 1.40 1.17 1.68 <.0001 

Adjusted Model 

Treatment Stent REF    

 Atherectomy 1.34 1.16 1.56 <.0001 

 Stent and Atherectomy 0.94 0.77 1.14 .5264 

Outcome: Long-term MALE 

Parameter  Hazard Ratio 95% Confidence Limits P-value 

Unadjusted Model 

Treatment Stent REF    

 Atherectomy 1.46 1.35 1.58 <.0001 

 Stent and Atherectomy 1.22 1.08 1.36 .0008 

Adjusted Model 

Treatment Stent REF    

 Atherectomy 0.90 0.82 0.98 .0213 

 Stent and Atherectomy 0.92 0.82 1.04 .1689 

With regards to long-term MALE, the average follow-up time was greater than 18 months 

in all groups. Similar to short-term MALE, the atherectomy group experienced the highest 
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prevalence of MALE (21.18%), followed by the combination stent and atherectomy group 

(17.87%), and the stent only group (15.21%). The prevalence of long-term endpoints of 

interest are summarized in Table 10 (4.5). The cumulative incidence functions, shown in 

Figure 8 (4.2), also indicate a higher incidence of MALE in the atherectomy group, 

followed by the combination stent and atherectomy group, and the stent group. 

Figure 8. (4.2) - Cumulative Incidence Functions (CIF) for long-term MALE among 

atherectomy, stent, and combination stent atherectomy 

However, when accounting for competing risk and adjusting for confounders as well as 

other covariates of interest, the model indicated that the likelihood of experiencing long-
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term MALE in the atherectomy group was slightly protective (HR=0.90; 95%CI:0.82-0.98) 

when compared to the stent group. The hazard ratio for long-term MALE in the 

combination stent and atherectomy group was not significantly different compared to the 

stent group (HR=0.92; 95%CI:0.82-1.04). All hazard ratio estimates are shown in Table 

11 (4.6). Full model results for long-term MALE are shown in Table 19 (A2.3) of the 

Appendix. 

Subgroup and Sensitivity Analyses 

Subgroups for short-term MALE are summarized in Appendix Table 20 (A2.4). Subgroup 

analyses show that the increased risk of atherectomy and short-term MALE compared to 

combination stent and atherectomy remains consistent in the subgroups. The odds ratio in 

the combination stent and atherectomy group remains insignificant (Appendix Table 21 

(A2.5)). Subgroups for long-term MALE are summarized in Appendix Table 22 (A2.5). 

The majority of the subgroup analyses assessing long-term MALE were consistent with 

the primary analysis, other than atherectomy group became insignificant at times 

(Appendix Table 23 (A2.7)).  

Sensitivity analyses utilizing LASSO for variable selection produced findings that were 

consistent with the primary analyses for short-term MALE and hazard ratios for long-term 

MALE (Appendix Table 24 (A2.8)). Results of the bias analysis for short-term MALE 

suggest that an unmeasured confounder with an odds ratio of 6.0 or greater with the 

exposure or outcome (Appendix Table 25 (A2.9) and Appendix Table 26 (A2.10)). These 

identified odds needed to negate the findings of the adjusted analysis are in addition to the 
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confounders that are already accounted for in the current model. Given the measured 

confounders that are already accounted for in the registry, it is unlikely that there exists an 

unmeasured confounder of that magnitude beyond that simultaneously accounted for in the 

measured covariates.    

Discussion 

Immediately following a procedure and prior to discharge, combination stent and 

atherectomy was not significantly different from stent alone in terms of experiencing 

MALE. There was, however, an increased risk of MALE in patients receiving just 

atherectomy compared to those receiving stent only. Atherectomy was protective against 

MALE in the long-term compared to stent placement only when controlling for important 

covariates. These protective findings became insignificant in some subgroup analyses 

indicating that findings may not be robust and atherectomy may not be significantly 

different from treatment options in certain patient populations. The association between 

combination stent and atherectomy with long-term MALE was not significantly different 

from stent alone. The long-term findings differ from previous findings that show that 

atherectomy leads to an increased risk of MALE.73 A study by Ramkumar et al. queried 

the VQI dataset linked to Medicare claims and estimated a hazard ratio of 1.61 (95%CI: 

1.10-2.38). These discrepancies may be due to a small difference in the study cohort studied 

and the availability of longer follow-up times in Ramkumar’s study. The linkage between 

the VQI and Medicare data, restricted the study cohort to patients above the age of 65, but 
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also allowed for the capture of long-term outcomes occurring outside of the hospitals 

participating in the VQI registry, through the Medicare claims data.  

Patient selection may play an important role in determining which patients receive certain 

treatment options. Combination stent and atherectomy may be needed in patients with 

hardened plaque where the stent cannot be placed without plaque removal. Atherectomy 

prior to stent may be needed to increase the patency of the artery. On the short- and long-

term, when controlling for important covariates, these patients do not experience higher 

risks of MALE compared to those receiving only stent. This indicates that the combination 

of procedures may be, thus far, employed in the right population, and the exposure to two 

procedures does not increase or decrease the likelihood of an adverse event when compared 

to stent. While the combination of stent and atherectomy does not increase the likelihood 

of MALE, it is still important to ensure that both procedures are being employed in the 

population where it is truly necessary and where stent placement alone may not be 

sufficient.  The findings concerning atherectomy indicate that patients may be at a higher 

risk of MALE immediately following a procedure but may perform more favorably in the 

long-term. A meta-analysis of randomized clinical trials55 supports this finding; however, 

it also conflicts with emerging evidence from observational studies that show that 

atherectomy is not superior to stenting alone.73,130 More research is needed to further 

evaluate the risk of MALE in varying patient populations at varying time points. 

This study has several strengths. The VQI registry provides in-depth information regarding 

the patient and specifics about the treatment performed that are not captured in other 
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observational data sources, such as claims repositories. The national registry captures a 

broad variety of patients, unlike clinical trials that are hindered by small sample sizes. The 

extended follow-up time of patients provides information on the devices’ total product life 

cycle, which cannot be and is often not evaluated in clinical trials. It is also essential to 

consider the limitations associated with the study. Due to the data collection process and 

availability of the VQI data, the generated results are only representative of the years of 

data available and the patients included in the data. Moreover, the VQI dataset relies on 

physicians and hospitals to report the patient and treatment information. Hospitals cannot 

report data on the patient if the patient changes care locations following the index 

procedure. Thus, VQI cannot capture further follow-up if and when a patient has changed 

sites of care. Current efforts that are underway, such as the Vascular Implant Surveillance 

and Interventional Outcomes Network (VISION) Coordinated Registry Network (CRN), 

can be leveraged to address the limitations of the single data source and facilitate access to 

the longitudinal linked data sources needed for superior evidence generation.68 

The study adds to the sparse existing body of literature evaluating the safety of 

endovascular devices alone and to fill the gaps in the literature regarding their safety when 

they are used concomitantly. When seeking approval, stent and atherectomy devices are 

assessed separately in the regulatory space. The combined use of stent and atherectomy, 

though used in practice, is not assessed in the regulatory space. For these reasons real-

world data is needed to understand the effectiveness and safety of the combined use. 

Additional studies in various patient populations evaluating the combined use of stent and 
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atherectomy are needed to comprehensively evaluate the effectiveness of the combined use. 

The findings of this studies and additional future research may provide insight to clinicians, 

regulators, manufacturers, and patients on the actual benefit of performing the procedures 

concomitantly. 

Conclusions 

Among the 46108 patients receiving endovascular treatment for PAD in this study, those 

treated with atherectomy may be at a higher risk of MALE immediately following a 

procedure but may perform more favorably in the long-term. Patients receiving 

combination stent and atherectomy did not experience significantly different rates of 

MALE when compared to those receiving stent alone. These findings indicate that the 

appropriate patient population may be receiving the combined treatment. The combined 

treatment may not be exposing this patient population to increased unnecessary risk and 

instead may be needed to ensure the risk of amputation among these patients is similar to 

those receiving stent alone.  
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5. Specific Aim 3: Comparing Machine-Learning Methods for the 

Prediction of Major Adverse Limb Events and Mortality after a 

Percutaneous Intervention 

Abstract 

Background: Machine learning methods may generate robust predictive models for high-

risk patient populations. The objective was to formulate, test, and compare the performance 

of regression-based and machine learning models in the prediction major adverse limb 

events (MALE) and mortality among patients receiving treatment for lower extremity 

peripheral artery disease. 

Methods: Patients undergoing atherectomy, stent, and combination stent atherectomy for 

lower extremity peripheral artery disease were identified in the Vascular Quality Initiative 

registry. Thirty-nine variables summarizing demographic, medical history, pre-operative, 

indication-specific, and procedure-specific characteristics were utilized to predict MALE 

and mortality events. For both events, we compared the performance of four different 

prediction models: a generalized linear model (GLM), a Least Absolute Shrinkage and 

Selection Operator (LASSO) regularized GLM, a gradient boosted decision tree, and 

random forest model. The area under the curve (AUC) evaluated the effectiveness of each 

prediction model. For validation purposes, 5-fold cross-validation was repeated three 

times. Pairwise comparisons of the receiver operating characteristic curves (ROC), 

sensitivity, and specificity measures with Bonferroni adjustment for multiple testing 

applied were performed to compare the models' performance. 
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Results: Among 15964 identified patients, a MALE occurred in 26.02% of patients, and 

death occurred in 18.82% of patients. The most effective predictive model for MALE, as 

determined by the AUC, was the gradient boosted decision tree (AUC= 0.7539) followed 

by the LASSO regulated GLM (AUC= 0.749). The GLM model (0.006;p<.020) and 

gradient boosted model (0.010;p<.039) produced a significantly higher ROC than the 

random forest model. The most effective predictive model for mortality was the LASSO 

regularized GLM (AUC=0.7930) followed by the GLM model (AUC=0.7922). The GLM, 

LASSO regularized GLM model, and gradient boosted decision tree produced similar 

ROC. The LASSO model (0.014;p<.008) produced a significantly higher ROC than the 

random forest model.  

Conclusion: All models showed acceptable discrimination, with an AUC greater than 0.7,  

when predicting MALE and mortality among patients receiving treatment for lower 

extremity peripheral artery disease. The machine learning techniques outperformed 

traditional regression-based techniques and can be leveraged to generate robust predictive 

models within the clinical space of lower extremity peripheral artery disease.  
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Introduction 

Lower extremity peripheral artery disease (PAD) refers to the buildup of plaque 

within the peripheral arteries.33,34 This condition affects approximately 10% of the United 

States (US) population.35 If left untreated, the affected artery may narrow to the point where 

the extremity is no longer receiving enough blood at rest and can eventually lead to 

amputation or death. Severe cases of PAD require percutaneous interventions such as 

stenting, atherectomy, and combination stent and atherectomy. Successful 

revascularization can substantially improve a patient's quality of life; however, if 

unsuccessful, it may still lead to major adverse limb events (MALE) and death.45,46 MALE 

encompass above the ankle amputations and major reinterventions within the limb. 

 Regulatory bodies and clinicians have increasingly accepted and leveraged the use 

of real word evidence (RWE) generated from real-world data (RWD) to inform regulatory 

and clinical-decision making.6,63,64 RWD can not only be used to retrospectively assess the 

effectiveness and safety of revascularization procedures but can also be used to formulate 

models that help determine risk factors and probabilities of successful revascularization 

among patients needing percutaneous treatment. The results from robust predictive models 

can help regulatory processes by informing the future clinical studies for labeling or 

indications for use for a device, and clinical guidelines for the appropriate use of devices 

among patients. Predictive models can be generated using traditional regression-based 

techniques or machine-learning techniques. 
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Machine learning models may overcome a number of limitations associated with 

traditional regression-based models and may thus, be more suitable for high-quality and 

high-dimensional data.32,71 Machine learning predictive models have previously been 

developed within the cardiovascular space to predict readmissions and bleeding.131,132 It 

may thus be possible to expand predictive modeling capabilities into vasculature conditions 

of the lower limbs.  Furthermore, the vascular space has the advantage of having a mature 

national registry, known as the Vascular Quality Initiative (VQI). The VQI captures a range 

of patients with vascular disease and documents in-depth information regarding the patient, 

indication, and procedure characteristics not captured in claims databases. Registries are 

an important source of RWD and have been continuously used to inform clinical and 

regulatory decision making.63,68 Thus far, the VQI registry has primarily been used to 

evaluate the safety and effectiveness of vascular treatments.72,73 Given its capabilities and 

dimensionality, the VQI registry can further be leveraged and its use expanded beyond the 

assessment of safety and effectiveness to include predictive modeling. 

Robust predictive models allow for the determination of the role factors related to 

the patient, indication, devices, and procedures play in the unsuccessful revascularization 

among patients diagnosed with PAD. The identified factors may then inform regulatory 

decisions and clinical guidelines intended to reduce the likelihood of unsuccessful 

revascularization. The objective of this study was to formulate and test a model used to 

predict major adverse limb events (MALE) and mortality among patients receiving 

treatment for lower extremity PAD.  
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Methods 

Data Source 

This study utilized data from the Vascular Quality Initiative (VQI) registry on vascular 

procedures performed from January 1, 2010 through September 30, 2018. The VQI is 

governed by the Society for Vascular Surgeons (SVS) and captures data from over 500 

academic and community hospitals across the US and Canada. The dataset prospectively 

collects patient (e.g., demographics) and clinical data (e.g., comorbidities, device type, 

lesion length, procedure type). The clinical data are collected pre-, intra- and post-

operatively on several commonly performed vascular procedures.58  

Study Population 

Patients receiving atherectomy or stenting for symptomatic arterial occlusive disease in a 

lower extremity non-aortic vein from January 2010 through September 2018 were included 

in the study. Asymptomatic patients should not be receiving percutaneous treatment, and 

therefore any percutaneous treatment would be contra-indicated. Patients who have 

previously received a stent or atherectomy procedure were excluded to ensure that any 

outcomes identified were related to the current percutaneous intervention observed in the 

dataset. Patients with more than eight variables with missing data, who did not receive 

long-term follow-up for at least three years, and/or who already experienced an outcome 

of interest before the first identified procedure were also excluded from the study. The 

exposure index date was the date of their first identified procedure. 
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Outcome 

The primary study outcomes of interest were a MALE and all-cause mortality.61 MALE 

encompasses above the ankle amputations and major reinterventions, such as a bypass graft 

revision. MALE was assessed and recorded as an outcome if it occurred during the three-

year follow-up period; three years post hospital discharge, or post discharge mortality, 

whichever occurred first. Mortality was assessed as an outcome after a patient was 

discharged from the hospital until the end of the three-year follow-up period. 

Predictor Measures 

The dataset collects patient demographics including age, sex, race, ethnicity, height, 

weight, smoking status, primary insurer, and ambulatory status. Available history of 

medical conditions and procedures included: cerebrovascular disease, myocardial 

infarction, angina, congestive heart failure, coronary artery disease, chronic obstructive 

pulmonary disorder (COPD), previous aortic aneurysms, and vascular interventions such 

as coronary artery bypass surgery, carotid artery stenting (CAS), and carotid 

endarterectomy (CEA). Patient diagnoses and medical history characteristics were 

captured on the exposure index date. The dataset contains variables capturing pre-operative 

characteristics, including ongoing medical conditions and medication use occurring within 

36 hours to 30 days of the procedure. More specifically, these variables capture diagnoses 

of dysrhythmia, diabetes, and receipt of dialysis, anticoagulants, blood pressure/heart 

failure medication, platelets, statin, and cilostazol. The registry's available indication-

specific characteristics include ankle- and toe-brachial indexes, ambulation status, leg 
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symptoms, and TransAtlantic Inter-Society Consensus (TASC) Grade.115,116 Indication- 

and procedure-specific characteristics were captured on the index date. The ankle- and toe-

brachial index test (ranges between 0 and 1.30) measures blood flow by comparing the 

blood pressure measured at the ankle or toe with the blood pressure measured at the arm. 

The lower the index score, the higher the likelihood of blockage and pain due to restricted 

blood flow.114 The symptoms within each leg were characterized by the presence of 

claudication or critical limb ischemia. The TASC grade classifies lesions and determines 

the recommended treatment, either surgical or endovascular. Procedure-related 

characteristics included the treatment received, the setting in which the procedure was 

performed, the urgency of the procedure, the number and types of arteries treated, access 

side, and the receipt concomitant endovascular procedures or bypass procedures. Post-

operative variables were captured following the index date and included discharge status 

and receipt of anticoagulants, blood pressure/heart failure medication, platelets, statin, and 

cilostazol. 

Machine Learning Model Derivation and Validation 

Data Splitting 

The models were derived and validated using 5-fold cross-validation. During cross-

validation, the dataset is split into ten equal sets with the same event rate in each set. This 

entailed randomly selecting 80% of the data for training and reserving the remaining 20% 

of the data for testing. The event rate within the separated datasets was kept consistent. For 

each iteration, the test set is a different portion of the entire dataset. 
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Data Pre-Processing 

A total of 54 variables summarizing demographic, medical history, pre-operative, 

indication-specific, and procedure-specific characteristics were extracted from the dataset. 

Pre-processing involved calculating complex parameters such as body mass index from 

height and weight, identifying numerical versus categorical variables, and transforming 

variables. Variables describing symptoms from the specified treated leg were transformed 

into a single variable. For example, since patients were treated only on one side, the 

variable for leg symptoms on the left side and variable for leg symptoms on the right were 

combined to describe the leg symptoms regardless of the leg. Further pre-processing 

involved grouping medications into more descriptive and comprehensive categories such 

as anticoagulant, blood pressure – heart failure medications, and platelets. Variables with 

more than 30% of missingness were excluded from model derivation.133 This affected six 

variables. A total of 39 variables were included in the final model. For binary variables, 

missing values were either redefined as “no” values, or were marked as “yes” if it was 

explicitly recorded as such in the data. An additional category demarking missing variables 

was created for categorical variables without a “no” value. For example, for leg symptoms 

where neither claudication nor critical limb ischemia was indicated, a missing category was 

created. The creation of a separate category for missingness in categorical variables has 

been used within vascular data sources, leveraging machine learning.131,132 
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Model Training 

The MALE and mortality prediction models were built using logistic regression, logistic 

regression with the Least Absolute Shrinkage and Selection Operator (LASSO) 

regularization, gradient boosting, and random forest models (Figure 9 (5.1)). 

Figure 9. (5.1) - Methods Summary of models and outcomes assessed at 3 years 

MALE = Major Adverse Limb Event 

GENERALIZED LINEAR MODEL (GLM) REGRESSION 

GLM, a traditional regression-based model, can be used to generate a predictive model. 

This model is, however, subject to several important assumptions, including linearity and 

additivity assumptions. The linearity assumption forces the relationship between selected 

predictors and the outcome of interest to be linear. The additivity assumption imposes that 

the effect of predictive variables on the outcome of interest is additive. Models trained 

using GLM are generally easier to interpret; however, the required assumptions may 

significantly limit the flexibility and predictive capabilities of the model.71 

LOGISTIC REGRESSION WITH LASSO REGULARIZATION 

Regularization refers to the process of adding information to an ill-posed optimization 

problem to prefer one solution over others that would appear to be equally good without 
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the additional information.  A common form of regularization is to prefer the simplest 

estimator, all other things being equal. This reduces the data's dimensionality by 

determining which variables are most important for maximizing model accuracy and that 

only those variables are included in the model.30 This increases the model's efficiency by 

removing unnecessary or redundant variables in the model, thereby reducing the model's 

size and reducing overfitting.134 The LASSO regularization method ensures that the sum 

of the model parameters is less than a fixed value. The model then removes coefficients 

close to zero, thereby penalizing the absolute sum of regression coefficients.135 Only 

variables that have non-zero coefficients after the shrinking method remain in the final 

model. There are several advantages associated with the LASSO method, including 

increased interpretability due to the elimination of irrelevant variables that reduce 

overfitting. By removing the variables with coefficients close to zero, the LASSO method 

reduces the variance without a significant increase in bias.134 

GRADIENT BOOSTING MACHINES (GBM) 

GBMs utilize gradient boosting, an ensemble learning method, to leverage and weight 

information from multiple decision trees with varying predictive power. Decision trees 

resemble flow diagrams and continuously split data into various subsets depending on their 

probability of experiencing the outcome of interest. Boosting occurs when a new and more 

accurate iteration of a decision tree is created by taking into account the errors made by the 

previous iteration of the decision trees.136,137 Records that are correctly classified by the 

current ensemble will have greater weights, thus increasing the likelihood of them being 
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correctly classified in future iterations. GBM generally requires tuning of hyperparameters 

to help guide and define how the final model is structured.  A grid search was used for 

hyperparameter tuning. The grid search built a model for all possible hyperparameters or 

variable pre-specified parameters provided, including the number of trees, the maximum 

depth of the trees, the learning rate or shrinkage, and the minimum number of observations 

in the terminal nodes of the trees.138
  

RANDOM FOREST 

A Random Forest is an additional type of ensemble learning method that leverages 

information from multiple decision trees. The decision trees in the random forest method 

are generated using a bootstrap-resampled subset of the dataset with replacement using 

randomly selected covariates. The remaining data is used to estimate error and variable 

importance. The random forest then selects the most frequently used branches and 

sequences of branches to determine the final model.139 For tuning purposes, the parameters 

of the random forest were specified, including the number of trees and the number of 

candidate variables sample for each tree.140  

Model Evaluation and Comparison 

Following tuning, the final predictive model with the greatest area under the curve (AUC) 

within each model derivation method was selected.31 We used AUC and accuracy to 

evaluate the effectiveness of each model. Given that the outcomes are categorical variables, 

sensitivity, specificity, positive predictive values, and negative predictive values were 

calculated to further describe the generated predictive models. A probability cutoff value 
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of 0.5 was used to identify an event. Variable importance was used to identify the twenty 

most significant predictors within each model. For validation purposes, 5-fold cross-

validation was be repeated three times. Pairwise comparisons of the receiver operating 

characteristic curves (ROC), sensitivity, and specificity measures with Bonferroni 

adjustment for multiple testing applied to receiver  were performed to compare the models’ 

performance.141  

Sensitivity Analyses 

The probability cutoff to identify a case was varied from to 0.6. Varying the probability 

cutoff allows for the examination of the performance of models with more stringent criteria 

for identifying cases. 

All analyses were conducted in R. The data obtained were de-identified, and the study was 

determined to be exempt by the university's institutional review board (IRB). 

Results 

Study Population 

In the VQI database, 98868  patients underwent an atherectomy or stent placement 

procedure for a non-aortic vein from January 2010 through September 2018. After applying 

the exclusion criteria, 46108 patients remained with 15964 experiencing follow-up for 

three years (Figure 10 (5.2)).  
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Figure 10. (5.2) - CONSORT Diagram 
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Excluded Claims=3525

Excluded N=3136

Claims=46476

N=46146

Claims=46146

N=46146

Exclusion: Identifying the first procedure

Excluded Claims=330

Excluded N=0

Exclusion: More than 8 variables of interest missing

Excluded N=38

Claims=46108

N=46108

Final Population

Claims=15964

N=15964

Exclusion: Less than 3 years of long-term follow-up data 

available

Excluded N=30144
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The identified patient population was primarily between the ages of 60 and 69 (31.49%), 

male (56.77%), white (82.02%), living at home (96.71%), and fully ambulatory (81.55%). 

The patients had numerous risk factors, including being overweight (32.71%) or obese 

(30.33%), being a current (43.88%) or prior smoker (38.51%), living with COPD (25.06%) 

and diabetes (42.09%). A stent was placed in 80.79% of patients. A MALE occurred in 

26.02% of patients, and death occurred in 18.82% of patients (Table 12 (5.1)).  

Table 11. (5.1) - Baseline Characteristics of all study participants 

 Frequency (n) Percentage (%) 

N=15964   

Demographics   

Age Category   

<40 105 0.66 

40-49 770 4.82 

50-59 3209 20.10 

  60-69 5027 31.49 

70-79 4181 26.19 

80-89 2199 13.77 

>89 473 2.96 

Gender   

Missing/Unknown 1 0.01 

Male 9063 56.77 

Female 6900 43.22 

Ethnicity     

Missing/Unknown 49 0.31 

Non-Hispanic/Latino 15258 95.58 

Hispanic/Latino 657 4.12 

Race     

American Indian or Alaskan 78 0.49 

Asian 121 0.76 

Black or African-American 2215 13.87 

White 13093 82.02 

Missing/Unknown 457 2.86 

BMI Category     

Underweight 708 4.43 

Normal Weight 5192 32.52 

Overweight 5222 32.71 

Obese 4842 30.33 
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Table 11. (5.1) - Continued 

 Frequency (n) Percentage (%) 

Primary Insurer     

Missing/Unknown 2825 17.70 

Medicare 6718 42.08 

Medicaid 916 5.74 

Commercial 4953 31.03 

Military/VA 110 0.69 

Non-US Insurance 84 0.53 

Self-Pay 358 2.24 

Smoking Status     

Never 2811 17.61 

Prior 6148 38.51 

Current 7005 43.88 

Living Status     

Missing/Unknown 6 0.04 

Home 15439 96.71 

Nursing Home 519 3.25 

Medical History   

Cerebrovascular Disease     

No 15561 97.48 

Yes 403 2.52 

Myocardial Infarction     

No 13818 86.56 

Yes 2146 13.44 

Angina     

No 14848 93.01 

Yes 1116 6.99 

Congestive Heart Failure     

No 13834 86.66 

Yes 2130 13.34 

Chronic Obstructive Pulmonary Disease (COPD)     

No 11964 74.94 

Yes 4000 25.06 

Aortic Aneurysm     

No 15926 99.76 

Yes 38 0.24 

Previous Coronary Artery Bypass Surgery     

No 15264 95.62 

Yes 700 4.38 

Previous of Carotid Artery Stenting (CAS)/ Carotid 
Endarterectomy (CEA)   

  

No 15816 99.07 

Yes 148 0.93 
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Table 11. (5.1) - Continued 

 Frequency (n) Percentage (%) 

Pre-Operative Characteristics – Medical Conditions   

Pre-Operative Dysrhythmia     

No 15436 96.69 

Yes 528 3.31 

Pre-Operative Diabetes     

No 9244 57.91 

Yes 6720 42.09 

Pre-Operative Dialysis     

No 14982 93.85 

Yes 982 6.15 

Pre-Operative Characteristics – Medications   

Receipt of Any Anticoagulant     

No 13733 86.02 

Yes 2231 13.98 

Receipt of Blood Pressure/Heart Failure Medication     

No 5901 36.96 

Yes 10063 63.04 

Receipt of Platelets     

No 4431 27.76 

Yes 11533 72.24 

Receipt of Cholesterol Medication - Statin     

No 5874 36.80 

Yes 10090 63.20 

Indication-Specific Characteristics   

Pre-Operative Ankle-Brachial Index Category     

Missing/Unknown 3810 23.87 

No Blockage 298 1.87 

Mild Blockage 1150 7.20 

Moderate Blockage 7160 44.85 

Severe Blockage 2521 15.79 

Rigid Arteries 1025 6.42 

Ambulation     

Missing/Unknown 43 0.27 

Fully Ambulatory 13018 81.55 

Ambulatory with Assistance 2273 14.24 

Wheelchair 543 3.40 

Bedridden 87 0.54 

Leg Symptoms     

Missing/Unknown 12 0.08 

Claudication 7950 49.80 

Critical Limb Ischemia 8002 50.13 
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Table 11. (5.1) - Continued 

 Frequency (n) Percentage (%) 

TASC Grade     

Missing/Unknown 2475 15.50 

A, Lesions would greatly benefit from endovascular 
management 

4066 25.47 

B, Lesions would somewhat benefit from 
endovascular management 

3461 21.68 

C, Lesions would have long-term benefits from 
surgical management 

2613 16.37 

D, Lesions should only be treated by open surgery 630 3.95 

Protect Adjacent Artery 2719 17.03 

Procedure-Specific Characteristics   

Treatment   

Atherectomy 2084 13.05 

Stent 12897 80.79 

Combination Stent and Atherectomy 983 6.16 

Number of Arteries Treated     

1 7411 46.42 

2 5591 35.02 

>=3 2962 18.55 

Type of Artery Treated   

Iliac 7190 45.04 

Femoropopliteal 7848 49.16 

Tibial 926 5.80 

Setting   

Missing/Unknown 13441 84.20 

Outpatient 1114 6.98 

Inpatient 1273 7.97 

Ambulatory Center 66 0.41 

Office 70 0.44 

Urgency   

Missing/Unknown 11 0.07 

Elective 13633 85.40 

Urgent 2320 14.53 

Access Side     

Missing/Unknown 180 1.13 

Right 10045 62.92 

Left 5739 35.95 

Concomitant Endovascular Procedure     

No 15395 96.44 

Yes 569 3.56 

Concomitant Bypass   

No 15932 99.80 

Yes 32 0.20 
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Table 11. (5.1) - Continued 

 Frequency (n) Percentage (%) 

Discharge-Specific Characteristics   

Discharge Status     

Missing/Unknown 20 0.13 

Home 14440 90.45 

Assisted Living 1504 9.42 

Receipt of Any Anticoagulant at discharge     

No 13844 86.72 

Yes 2120 13.28 

Receipt of Blood Pressure/Heart Failure Medication at 
discharge   

  

No 6394 40.05 

Yes 9570 59.95 

Receipt of Platelets at discharge     

No 1289 8.07 

Yes 14675 91.93 

Events of Interest   

Major Adverse Limb Event (MALE)   

No 11810 73.98 

Yes 4154 26.02 

Death   

No 12959 81.18 

Yes 3005 18.82 

Prediction of MALE 

In the prediction of MALE, the gradient boosted model generated the greatest accuracy of 

0.7675 (95%CI:0.752-0.782), the greatest AUC of 0.754, a sensitivity of 0.210, and 

specificity of 0.963. The LASSO regularized GLM and the GLM generated similar 

accuracies (0.766) and similar AUC (0.749 and 0.748). The random forest model produced 

the lowest AUC (.7350), lowest sensitivity (0.210), and highest specificity (.963). The 

model metrics for the prediction of MALE are summarized in Table 13 (5.2). 
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Table 12. (5.2) - Summary of Model Results for the Outcome Major Adverse Limb 

Event 

Outcome: Major Adverse Limb Event 

 Generalized 

Linear 

Model 

LASSO 

Regularized 

Generalized 

Linear 

Model 

Gradient 

Boosted 

Decision 

Tree 

Random 

Forest 

Accuracy; (95% CI) 0.7663 
(0.7512, 
0.7809) 

0.7663 
(0.7512, 
0.7809) 

0.7675 
(0.7525, 
0.7821) 

0.7669 
(0.7519, 
0.7815) 

NIR .74 .74 .74 .74 

P-value [Accuracy>NIR] <.0001 <.0001 <.0001 <.0001 

Kappa .2645 .261 .244 .2216 

AUC .7483 .7492 .7539 .7350 

Sensitivity .28193 .27590 .24337 .20964 

Specificity .93649 .93861 .95174 .96274 

Positive Predictive Value .60937 .61230 .63924 .66412 

Negative Predictive 
Value 

.78775 .78673 .78164 .77611 

*NIR= No Information Rate; AUC=Area Under the Curve 

Common leading predictors among all models were procedure setting, artery type, age 

category, primary insurance type, pre-operative conditions, pre-operative medications, and 

number of arteries treated. Stent as a treatment type was only identified as a leading 

predictor in the gradient boosted model. The twenty leading predictors for each model are 

graphed in Figure 11 (5.3). 
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Figure 11 (5.3) - Variable Importance for Major Adverse Limb Event Models 
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Comparisons of ROC, sensitivity, and specificity of the models are summarized in Table 

14 (5.3) and are shown in Appendix Figure 13 (A3.1) and Appendix Figure 14 (3.2). 

Table 13. (5.3) - Difference in ROC, Sensitivity, and Specificity with Bonferroni 

Adjusted p-values for the Outcome Major Adverse Limb Event 

Outcome: Major Adverse Limb Event 

 ROC Sensitivity Specificity 

 Difference p-value Difference p-value Difference p-

value 

GLM vs. 
LASSO 

-0.000989 1.00 -0.002540 1.00 0.003416 1.00 

GLM vs. XGB -0.004355 1.00 -0.017852 <0.001 0.039518 <0.001 

GLM vs. RF 0.005895 0.01956 -0.026461 <0.001 0.082932 <0.001 

LASSO vs. 
XGB 

-0.003366 1.00 -0.015312 <0.001 0.036102 <0.001 

LASSO vs. RF 0.006884 0.64787 -0.023920 <0.001 0.079517 <0.001 

XGB vs. RF 0.010251 0.03996 -0.008609 <0.001 0.043414 <0.001 
GLM = Generalized Linear Model; LASSO = Lasso Regularized Generalized Linear Model; XGB = 
Gradient Boosted Decision Tree; RF = Random Forest 

In terms of ROC, the difference between the GLM and LASSO regularized GLM was not 

significant. The difference in ROC statistic was significantly different when comparing the 

random forest model to the GLM model (0.006;p=0.019) and gradient boosted model 

(0.010;p=.040), respectively.  In terms of sensitivity, almost all models produced 

significantly different sensitivities and specificities. The greatest difference in sensitivity 

(-0.026;p<.001) and specificity (0.083;p<.001) was observed when comparing the GLM 

model to the random forest model.  

Prediction of Mortality 

When predicting mortality, the LASSO regularized generalized linear model produced the 

greatest AUC (0.7930). The LASSO regularized generalized linear model produced a 
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specificity measure of 0.296 and a sensitivity of 0.955. The generalized linear model 

generated an accuracy of 0.8305 (95%CI:0.817-0.843), AUC of 0.792. The GLM also 

produced the greatest specificity of 0.303 and the lowest sensitivity of 0.953. The gradient 

boosted decision tree model produced an AUC of .7881, a specificity of .288, and a 

sensitivity of .961. The random forest model produced the lowest AUC (.7808), the lowest 

specificity (.163), and a sensitivity of .985. The model metrics for the prediction of 

mortality are summarized in Table 15 (5.4).  

Table 14. (5.4) - Summary of Model Results for the Outcome Mortality 

Outcome: Mortality 

 Generalized 

Linear 

Model 

LASSO 

Regularized 

Generalized 

Linear 

Model 

Gradient 

Boosted 

Decision 

Tree 

Random 

Forest 

Accuracy; (95% CI) 0.8305 
(0.817, 
0.8434) 

0.8308 
(0.8174, 
0.8437) 

0.834 
(0.8209, 
0.847) 

0.8299 
(0.8164, 
0.8428) 

NIR 0.8117 .8117 .8117 0.8117 

P-value 
[Accuracy>NIR] 

.003 .003 <.001 .004 

Kappa .3156 .3120 .3150 .2096 

AUC .7922 .7930 .7881 .7808 

Specificity .30283 .29617 .28785 0.16306 

Sensitivity .95291 .95484 .96102 0.98456 

Positive Predictive 
Value 

.59868 .60339 .63139 0.71014 

Negative Predictive 
Value 

.85492 .85399 .85332 0.83530 

*NIR= No Information Rate; AUC=Area Under the Curve 

Common leading predictors among all models were age category, primary insurance 

type, BMI category, pre-operative diabetes, pre-operative dialysis, a history of congestive 
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heart failure, procedure setting, leg symptoms, and pre-operative smoking. Treatment 

type was not identified as a leading predictor in any of the models. The twenty leading 

predictors for each model are graphed in Figure 12 (5.4).  
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Figure 12. (5.4) - Variable Importance for Mortality 
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Pairwise comparisons with Bonferroni adjustment for multiple testing showed that the 

GLM, LASSO regularized GLM model, and gradient boosted decision tree produced 

similar ROC. The LASSO model (0.014;p<.008) produced a significantly higher ROC than 

the random forest model. In terms of sensitivity and specificity, the differences between 

the models were significant. The greatest difference in sensitivity (-0.023;p<.001) and 

specificity (0.135;p<.001) was between the LASSO regularized GLM and random forest 

model. A comparison of ROC, sensitivity, and specificity of the models predicting 

mortality are summarized in Table 16 (5.5) and are shown in Appendix Figure 16 (A3.4), 

Figure 17 (A3.5) and Appendix Figure 18 (A3.6). 

Table 15. (5.5) - Difference in ROC, Sensitivity, and Specificity with Bonferroni 

Adjusted p-values for the Outcome Mortality 

Outcome: Mortality 

 ROC Sensitivity Specificity 

 Difference p-value Difference p-

value 

Difference p-value 

GLM vs. 
LASSO 

-0.001190 1.0 -
0.0029583 

.5044 0.017350 0.02159 

GLM vs. 
XGB 

0.003138 1.0 -
0.0033766 

.2262 0.022461 0.03034 

GLM vs. RF 0.012734 1.0 -
0.0260095 

1.00 0.152104 1.00 

LASSO vs. 
XGB 

0.004328 0.058074 -0.004183 <.001 0.005111 <.001 

LASSO vs. 
RF 

0.013924 0.008389 -
0.0230512 

<.001 0.134753 <.001 

XGB vs. RF 0.009595 0.261462 -
0.0226329 

<.001 0.129643 <.001 

GLM = Generalized Linear Model; LASSO = Lasso Regularized Generalized Linear Model; XGB = 
Gradient Boosted Decision Tree; RF = Random Forest 
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Sensitivity Analyses 

When the cutoff probability was varied to identify cases, the AUC decreased to 0.5837 in 

the GLM model predicting MALE. Among the other machine learning models, the AUC 

varied between 0.535 to 0.575. When predicting mortality, the AUC of the GLM model 

decreased to .603 and varied between 0.485 and 0.601 among the machine learning models. 

The discriminatory ability of all models greatly decreased indicating that the cutoff 

probability is influential in determining the optimal model type and is applicability in 

predicting MALE and mortality. The results of the sensitivity analyses are summarized in 

Appendix Table 27 (A3.1). 

Discussion 

This study examined four models, using traditional-based regression models and machine 

learning models, to predict MALE and mortality following a percutaneous intervention. 

When predicting MALE, the gradient boosted decision tree performed better than GLM 

and other machine learning models. The gradient boosted machine did not produce a 

significantly higher ROC than the GLM or LASSO regularized GLM model. In terms of 

predicting mortality, the LASSO regularized GLM model performed better than the GLM 

model and other machine learning models. The LASSO regularized GLM model produced 

the greatest AUC and a significantly higher ROC than the random forest model.  

A similar study using regression-based predictive models to predict MALE and 

amputation-free survival among patients receiving infrainguinal bypass within the VQI 
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generated a discriminatory ability or AUC ranging between 0.65 and 0.72.142 These values 

are similar to the AUC statistics produced by the models in this study.  

The identified leading predicting variables in all models were primarily related to PAD's 

risk factors and symptoms, commonly occurring comorbidities, and indication-specific 

characteristics. The identified leading predictors related to the symptomology of PAD 

included leg symptoms. Identified PAD risk factors included BMI category and age 

category. Identified medical conditions included diabetes, chronic kidney disease, and 

congestive heart failure.42,102–104  Identified indication-specific characteristics included the 

type of artery treated. Treatment type was only indicated as a leading predictor in one 

model, indicating that patient and procedure-related characteristics may play a more 

significant role in treatment outcomes than the treatment itself. 

While all models showed acceptable discrimination, the machine learning models did not 

always perform significantly better in terms of AUC than more traditional regression-based 

baseline models.143 All models had low specificity. The model performance may improve 

with more available predictors and a higher event rate. The models should be regenerated 

as more years of data are made available, and more events thus captured.144 Leveraging 

linked datasets may further facilitate the capture of more events of interest. Linking to 

claims may provide further predictors by identifying more current medical conditions and 

prescription medications. Moreover, claims may help identify additional outcomes outside 

of the hospital systems reporting to the VQI.145,146 The increased predictors and event rates 

may increase the discriminatory power of the models. Efforts, such as the Vascular Implant 
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Surveillance and Interventional Outcomes Network (VISION) Coordinated Registry 

Network (CRN), may facilitate access to the longitudinal linked data sources needed to 

generate stronger predictive models.68 

A predictive model that can detect important latent relationships between predictor 

variables and that is not hindered by strong assumptions regarding the functional form of 

the relationship between the available predictors and outcomes of interest can play crucial 

roles in clinical and regulatory decision making. A robust and validated predictive model 

can serve as an additional clinical decision-tool to assess the likelihood of a patient 

experiencing MALE or mortality. The tool may identify high-risk patients and leading 

predictive factors of adverse outcomes such as medical comorbidities, pre-operative, and 

discharge factors. Identified high-risk patients may benefit from additional post-operative 

monitoring. Insight into the leading predictive factors may provide clinical teams with an 

opportunity to identify potential gaps in care and potential targeted interventions that 

mitigate known increased risks. Identifying high-risk patients can also inform 

communications between clinicians and patients. Informing patients of their increased risk 

may allow them to implement lifestyle changes, such as smoking cessation, that may 

further contribute to an increased risk of MALE and death. Predictive models can support 

regulatory decision making by promptly identifying complex patient populations where 

devices or a combination of devices may not be performing as intended. Device labeling 

may need to be amended to warn against the use of devices among these populations. 
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This study has several strengths. It follows a unique and systematic approach to formulate, 

test and compare the performance of models used to predict major adverse limb events 

(MALE) and mortality among patients receiving treatment for lower extremity peripheral 

artery disease. It leverages the VQI registry, which captures a variety of patients 

phenotypes and crucial variables related to the patient and procedure that may greatly 

inform predictive models, and that are not available in other data sources. Some limitations 

relate to the nature of the data source. Due to the data collection process and availability of 

the VQI data, the predictive model is generalizable only to the patients captured the years 

of data available and will not be current. Moreover, the VQI dataset relies on physicians 

and hospitals to report the patient and treatment information. Thus, event data may not be 

captured among patients who change care locations following a revascularization 

procedure.  

Conclusions 

All models predicting MALE and mortality following a revascularization procedure 

showed acceptable discrimination in determining events. The machine learning techniques 

outperformed traditional regression-based techniques when predicting MALE and 

mortality. The cross-validated generated machine-learning models used were either 

significantly more than, or as discriminative as the traditional regression-based models. 

This study supports the use of predictive modeling within the clinical space of lower 

extremity peripheral artery disease. Future machine learning models may employ 

additional data, ensuring full representation of the target population, and secure linkage to 
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other data sources to further inform and increase the generated predictive models' 

discriminatory ability.  
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6. Summary, Strengths, Limitations, and Implications for Research 

and Clinical Practice 

Summary 

This three-phase research study consisted of one qualitative study and two retrospective 

quantitative studies. The first aim strived to lay the foundation of the methodology needed 

for the robust generation of OPC. In the second aim,  the identified statistical approaches 

in the first aim were applied within a real-world dataset to evaluate and compare commonly 

used vascular devices. The final aim further leveraged a real-world dataset to generate 

robust predictive models that may assess the role of patient, treatment, and procedure-

related factors in the probability of patients, diagnosed with PAD and receiving 

percutaneous interventions, experiencing an adverse outcome. 

The Conceptual Framework for OPC Generation 

Faced with the pressures of the 21st Century Cures Act and the Food and Drug 

Administration Reauthorization Act to decrease the approval time of devices while 

strengthening post-market surveillance, the FDA has explored the use of novel regulatory 

approaches such as OPC to meet these growing demands.1–5 OPC simultaneously 

streamline the device approval process by providing numerical targets as comparisons in 

single-armed clinical trials for devices seeking approval, and enhance post-market active 

surveillance by dynamically assessing the performance of approved devices in a real-world 

setting.74  Leveraging published literature, clinical-area specific guidance, stakeholder 

engagement, and feedback from an advisory committee, a conceptual framework 
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consisting of five core elements was developed. The five core elements include the: (1) 

Identification of Medical Devices for the Development of OPC, (2) Engagement of Key 

Stakeholders, (3) Selection of Data Source, (4) Performance of Appropriate Statistical 

Analyses, (5) Reporting of Findings. Each element has varying components that must be 

considered in the context of the device for which the OPC is being generated, the 

stakeholders involved, the regulatory landscape, and the availability of a high-quality data 

source. 

Identified Challenges to OPC Generation 

Anticipated challenges during the OPC generation process primarily relate to the 

availability of resources such as data sources, stakeholder willingness, and financial 

support. More specifically, (1) the availability of accessible and high-quality data sources, 

(2) the willingness and ability of stakeholders to engage and reach consensus, (3) the 

identification and measurement of meaningful outcomes, and (4) access to funding. These 

challenges are expected given that many stakeholders including device manufacturers, 

regulatory bodies, patients, and clinicians employ OPC in various forms for their respective 

decision-making. Furthermore, the generation of an OPC is a lengthy multi-step process 

with serious implications that requires substantial funding, time, and availability of high-

quality data with the ability to produce accurate and reliable measures. 

Evaluating Combination Stent and Atherectomy 

The conceptual framework for OPC generation outlines the appropriate statistical 

approaches that should be considered when assessing meaningful endpoints of devices 
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within a real-world data source. Within the vascular space, the combination of stent and 

atherectomy in the treatment of patients with PAD presents a use of device where real-

world data is needed for its assessment.  Atherectomy is commonly employed in practice 

prior to stenting in order to prepare the vessel.57 In a premarket setting, stent and 

atherectomy devices are assessed separately. Thus, the combined use of stent and 

atherectomy is not evaluated. The second aim, therefore, evaluated the risk of short- and 

long-term MALE following the receipt of stent, atherectomy, and the combination of stent 

and atherectomy within the VQI. The findings suggest that following a procedure and prior 

to discharge, combination stent and atherectomy was not significantly different from stent 

alone in terms of experiencing MALE. There was, however, an increased risk of MALE in 

patients receiving just atherectomy compared to those receiving stent only. In the long-

term, atherectomy was barely protective against MALE compared to stent placement when 

controlling for important covariates. These protective findings were, however, negated in 

subgroup analyses. The association between combination stent and atherectomy with long-

term MALE was not significantly different from stent alone.  

Applying Predictive Models within a Vascular Space 

The gradient boosted decision tree performed better than GLM and other machine learning 

models when predicting MALE. In terms of predicting mortality, the LASSO regularized 

GLM model performed better than the GLM model and other machine learning models. 

The identified leading predicting variables in all models were primarily related to PAD's 

risk factors and symptoms, commonly occurring comorbidities, and indication-specific 
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characteristics that were also identified in previous literature as crucial factors to successful 

treatment.42,102–104  Treatment type was only indicated as a leading predictor in one model. 

The machine learning models did not always perform significantly better in terms of AUC 

than more traditional regression-based baseline models.143  

Strengths 

In the first aim, the employed methodology ensures that the developed OPC framework 

captures key elements identified by a variety of sources, including published literature and 

a wide variety of stakeholders involved in varying aspects of the development and 

evaluation of medical devices. This ensures that the framework accounts for differing 

perspectives and guides the creation of a high-quality OPC with wide applicability. Unlike 

previous frameworks and guidances that have been tailored to specific clinical areas, the 

developed framework is generalizable to Class III devices requiring OPC and can be further 

adapted to specific devices or clinical areas. 

Aims 2 and 3 have several strengths related to the dataset employed. The VQI registry 

provides in-depth information regarding patient phenotypes and crucial variables related 

to the patient, procedure, and treatment that are not captured in other observational data 

sources, such as claims repositories, and may greatly impact the performance of a device 

and the discriminability of predictive models. The national registry captures a broad variety 

of patients, unlike clinical trials that are hindered by small sample sizes. The extended 

follow-up time of patients provides information on the devices’ total product life cycle, 

which cannot be and is often not evaluated in clinical trials. Aim 2 follows a systematic 
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approach to compare the risks of MALE following the use of combination stent and 

atherectomy. Aim 3 also follows a systematic approach to formulate, test and compare the 

performance of models used to predict MALE and mortality among patients receiving 

treatment for lower extremity PAD. 

Limitations 

The development process of the framework has several limitations. Stakeholders were 

engaged through discussions; thus, the stakeholders may solely provide input from their 

professional perspective only. This input may not represent the perspective of all 

stakeholders or all individuals representing the stakeholder. Furthermore, the discussions 

were not audio recorded. Relying on notetaking may introduce recorder bias where the 

notetaker determines what is important or significant enough to record in the notes. While 

the stakeholder types involved in or affected directly by OPC creation were captured, some 

stakeholder types indirectly involved, such as device engineers, were not included. Finally, 

given the limited literature on OPC generation identified to inform a portion of the 

framework, it is important to note that these recommendations may evolve as more OPC 

studies and clinical-area specific guidance are published. 

In aims 2 and 3, it is important to note the limitations related to the nature of the data source. 

Due to the data collection process and availability of the VQI data, the generated results 

are only representative of the years of data available and the patients included in the data. 

Moreover, the VQI dataset relies on physicians and hospitals to report the patient and 

treatment information. Hospitals cannot report data on the patient if the patient changes 
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care locations following the index procedure. Thus, VQI cannot capture further follow-up 

or event data among patients who change care locations following a revascularization 

procedure. 

Implications for Research and Clinical Practice 

This conceptual framework for OPC generation provides the needed foundation for 

organizations developing clinical area specific guidances, government agencies providing 

guidance related to OPC for regulatory purposes, and for investigators interested in 

contributing to OPC generation. Patients, clinicians, health systems, and payers are able to 

utilize the generated OPC to inform treatment- and reimbursement-related decisions. 

Registry representatives, data analysts, and informaticians can leverage and strengthen 

their data sources to accurately inform OPC, thus expanding the use and strengthening the 

impact of their data sources.  

Given that the combined use of stent and atherectomy, though used in practice, is not 

assessed in the regulatory space, the findings from the second specific aim provide insight 

into the effects of the combined use on MALE. The findings suggest that there is not a 

significant increase in odds of MALE, which may indicate that the appropriate patient 

population may be receiving the combined treatment. The combined treatment may not be 

exposing this patient population to increased unnecessary risk and instead may be needed 

to ensure the risk of amputation among these patients is similar to those receiving stent 

alone. Additional studies in various patient populations evaluating the combined use of 

stent and atherectomy are needed to continue the comprehensive evaluation of the 
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effectiveness of the combined use and add to the paucity of literature. The findings of these 

studies and additional future research may provide further insight and the needed evidence 

to demonstrate to clinicians, regulators, manufacturers, and patients that the benefit of 

performing the procedures concomitantly outweighs any risks and does not constitute 

unnecessary costly care. 

Leveraging the VQI dataset further, demonstrated its ability to generate models with 

acceptable discrimination in determining meaningful outcomes including MALE and 

mortality. This supports the use of predictive modeling within the clinical space of lower 

extremity PAD. Continuously generating robust predictive models that can detect 

important latent relationships between predictor variables may play a crucial role in clinical 

and regulatory decision making. A robust and validated predictive model can serve as an 

additional clinical decision-tool to assess the likelihood of a patient experiencing MALE 

or mortality, may identify high-risk patients and leading predictive factors of adverse 

outcomes, and may reveal patients that could benefit from additional post-operative 

monitoring. These insights may inform communications between clinicians and patients 

and provide clinical teams with an opportunity to identify potential gaps in care and 

potential targeted interventions that mitigate known increased risks. These targeted 

interventions are crucial given that the models showed that patient and procedure-related 

characteristics may play a more significant role in treatment outcomes than the treatment 

itself. Predictive models can support regulatory decision making by promptly identifying 

complex patient populations where devices or a combination of devices may not be 
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performing as intended. In addition, device labeling may need to be amended to warn 

against the use of devices among these populations. 

Finally, the findings from specific aims 2 and 3 stress the importance of current efforts that 

are underway, such as the Vascular Implant Surveillance and Interventional Outcomes 

Network (VISION) Coordinated Registry Network (CRN). The VISION-CRN aims to 

promote the systematic collaboration and linking of existing datasets such as the VQI to 

claims and electronic health records. The linked datasets may increase follow-up time, 

provide further predictors by identifying more current medical conditions and prescription 

medications, and further facilitate the capture of more events of interest outside of the 

hospital systems reporting to the VQI.145,146 This allows the registry to expand and further 

serve as the type of high-quality data source required for the generation of relevant OPC 

needed to enhance the overall regulatory process through active surveillance. The extended 

follow-up time may capture further events and generate superior evidence on the total 

product lifecycle of combination stent and atherecomty.68 Access to an increased number 

of predictors and event rates may increase the discriminatory power of prediction models. 

The generated robust OPC, more comprehensive assessment of total product lifecycle of 

devices, and superior predictive clinical models may aid in the continuous endeavor of 

regulators, clinicians, and patients to ensure that only the highest-quality devices enter the 

market, are made readily available to patients, and are held to the highest rigors of post-

market surveillance throughout. 
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Conclusion 

The developed framework provides a step-wise guide to the generation of an OPC within 

Class III medical devices. The framework consists of five core elements: (1) Identification 

of Medical Devices for the Development OPC, (2) Engagement of Key Stakeholders, (3) 

Selection of Data Source, (4) Performance of Appropriate Statistical Analyses, (5) 

Reporting of Findings. This framework may provide the needed foundation for 

organizations, government agencies, and investigators involved in the development of 

official guidances and OPC generation. In a retrospective analysis within the VQI registry, 

findings suggest that patients receiving combination stent and atherectomy do not 

experience significantly different rates of MALE from stent alone.  These findings may 

indicate that the appropriate patient population is receiving the combined treatment and 

that the combined treatment may be needed to ensure the risk of amputation among these 

patients is similar to those receiving stent alone. When generating and comparing 

predictive models predicting both MALE and mortality among patients receiving treatment 

for lower extremity PAD within the VQI dataset, all models showed acceptable 

discrimination, with an AUC greater than 0.7. The machine learning techniques 

outperformed traditional regression-based techniques and can be leveraged to generate 

robust predictive models within the clinical space of lower extremity peripheral artery 

disease. 
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Appendix I. Aim 1 

Stakeholder Type: Industry 

1. What should the elements of the framework be? 

The framework needs an element on the importance of determining the appropriate safety 

and effectiveness endpoints. It is crucial that functional outcome measures, such as patient 

reported outcomes, should be used. It is also important to emphasize the importance of 

long-term outcomes and to incorporate essential outcomes including, radiographic 

imaging, to assess the outcomes correctly. The registries need to be set up to include to be 

able to include radiographic imaging. 

2. Comments on current elements of the framework: 

The existing elements are comprehensive. It is important to include the analysis of different 

subsets of patients. Discuss in the framework the stratification by important patient 

characteristics such as the diameter of blood vessels. Stratification by patient population 

can, however, lead to sample size issues.  Furthermore, stress the importance of endpoint 

selection that is relevant to the OPC, the device, and the patient. 

3. From the stakeholder’s perspective, which element of the framework is most 

crucial? 

The most crucial element of the framework is the stakeholder input that makes the effort 

of creating an OPC a collaborative effort. This is crucial to choosing the endpoints that 

feed into the OPC There needs to be an open discussion between the device manufacturer 
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and the regulatory agency to determine what is a clinically and statistically meaningful 

difference when comparing two devices. For postmarket assessment using OPC, the 

manufacturer needs to be involved, and the FDA's role can increase depending on the type 

of device and patient population. The data quality aspect of the framework is also crucial. 

Choosing the right data source is important and international registries should be leveraged 

whenever possible. International registries may also be the only option if no registry for 

the device currently exists in the United States. 

4. Which stakeholders are crucial to the creation of OPC? 

The most crucial stakeholders are the FDA, industry, surgeons/clinicians, and patients. 

5. From the stakeholder’s perspective, what is the biggest challenge in the creation of 

OPC? 

The creation of OPC only work in a space where the outcomes are well established and can 

be captured. Sometimes we have to rely solely on literature to determine these endpoints. 

For postmarket approval studies, registries may not be available. 

6. Is there anything that is essential to discuss or take into account in the creation of 

the framework? 

The framework must contain mention of a multistakeholder collaborative, agreement on 

the data source, a priori decision making on methodology.  
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Stakeholder Type: Kaiser Permanente – Registry and Health System Representative 

1. What should the elements of the framework be? 

Elements of the framework should include mention of the involvement of stakeholders 

(industry, regulators, data owners), and the required achievement of consensus regarding 

methodology. Before discussions begin, the literature needs to review current existing 

OPC, cumulative survival rates, how other registry results compare with each other, how 

PROs have been incorporated thus far, if a minimally clinically important difference was 

incorporated, and if any meta-analyses were performed to determine thresholds, and the 

impact of thresholds. There also needs to be a mention that OPC need to be established 

internationally and not just the United States.  

2. Comments on current elements of the framework: 

Add the need for a standardized library to identify devices such as unique device identifiers 

(UDI). Several different libraries have been established within clinical areas (i.e., IPL for 

prothesis catalog numbers), but they need to be harmonized to link registries. 

3. From the stakeholder’s perspective, which element of the framework is most 

crucial? 

The most crucial element is the engagement of stakeholders. 

4. Which stakeholders are crucial to the creation of OPC? 

Stakeholders should include industry, regulatory agencies, notified bodies, and clinical 

bodies. 
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5. From the stakeholder’s perspective, what is the biggest challenge in the creation of 

OPC? 

The biggest challenge is finding high-quality data. It is difficult to assess data integrity. 

Furthermore, it is challenging to come to a consensus about an international benchmark 

when all stakeholders have different interests and priorities. 

6. Is there anything that is essential to discuss or take into account in the creation of 

the framework? 

There needs to be a clear section within the reporting of findings that discusses how an 

OPC is operationalized once it is established.  
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Stakeholder Type: Patient and Patient Caregiver 

1. What should the elements of the framework be? 

The framework should include the dissemination of the results to patients in plain language. 

It is also important to assess how familiar patients are with the device to evaluate how well 

information about the risks and effects of the device are communicated to them. Patient 

engagement needs to be included to assess the actual improvement of devices but also the 

unintended consequences since some unexpected side effects may occur. Patients can also 

aid in determining which outcomes are due to the device and which outcomes may be due 

to co-occurring illnesses. 

2. Comments on current elements of the framework: 

The framework needs to include the communication and dissemination of results to patients 

in plain language. 

3. From the stakeholder’s perspective, which element of the framework is most 

crucial? 

Stakeholder/patient engagement, as well as reporting of findings in plain language, are the 

most crucial elements of the framework. 

4. Which stakeholders are crucial to the creation of OPC? 

Patients with medical devices are crucial stakeholders in the creation of OPC. 

5. From the stakeholder’s perspective, what is the biggest challenge in the creation of 

OPC? 
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Understanding the varying illnesses between patients, the subtle differences between 

devices, and their effects on outcomes is the biggest challenge associated with the creation 

and interpretation of an OPC. 

6. Is there anything that is essential to discuss or take into account in the creation of 

the framework? 

The framework needs to include a portion that allows patients to communicate with other 

stakeholders their perceived effectiveness of the device. 
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Stakeholder Type: VQI and Maine Medical Center - Registry Representative and Clinician 

1. What should the elements of the framework be? 

The framework should include stakeholder engagement. Furthermore, the selection and 

assessment of soft and hard endpoints should be included. Soft endpoints show that the 

device is failing before an event occurs. It allows us to get a more accurate assessment of 

how the device is performing and the time to failure. If this is capturable, then we should 

attempt to capture it. 

2. Comments on current elements of the framework: 

The current elements of the framework are good. 

3. From the stakeholder’s perspective, which element of the framework is most 

crucial? 

The most crucial element is stakeholder engagement and selection of endpoints. 

4. Which stakeholders are crucial to the creation of OPC? 

Physicians, patients, regulatory agencies, device manufacturers, payers, and industry 

members are crucial stakeholders to the creation of OPC. 

5. From the stakeholder’s perspective, what is the biggest challenge in the creation of 

OPC? 

The biggest challenge is finding good data that captures long-term outcomes. 
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6. Is there anything that is essential to discuss or take into account in the creation of 

the framework? 

It is important to discuss critical endpoints. Some endpoints may be assessed that may not 

be relevant. When an endpoint is captured, it should also be considered how the endpoint 

was captured. For example, was the patency of a stent determined through a clinical exam 

or using ultrasound. It is also important to consider the indication for the procedure and 

note that provider preferences play a huge role in treatment decision-making and device 

selection processes. 
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Stakeholder Type: Food and Drug Administration - Statistician 

1. What should the elements of the framework be? 

An essential element of the framework should be the engagement of stakeholders. An 

example of a stakeholder would be the Medical Device Innovation Consortium (MDIC - a 

group of manufacturers) and AdvaMed since their devices will be used to create the OPC 

and will be compared against the created OPC. 

2. Comments on current elements of the framework: 

In the first element for Identification of Medical Devices for the Development of OPC, the 

maturity of the device and its role in the ability to create OPC and availability of data need 

to be discussed. The devices that should be included in the OPC needs to be devices 

beforehand. There needs to be a consensus between all the stakeholders on what endpoints 

will contribute it the combined estimate upfront so the correct protocol can be developed. 

The protocol must also include how missingness of data will be handled and how the type 

of missingness will be determined. 

3. From the stakeholder’s perspective, which element of the framework is most 

crucial? 

Medical device identification, stakeholder input, and statistical analyses are important 

elements of the framework. 

4. Which stakeholders are crucial to the creation of OPC? 
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Industry, device manufacturers, and regulators are the most crucial stakeholders in the 

creation of OPC. 

5. From the stakeholder’s perspective, what is the biggest challenge in the creation of 

OPC? 

The biggest challenge in the creation of the OPC is the building of a consensus between 

the stakeholders for the device selection process, selection of endpoints, and the 

development of the protocol. 

6. Is there anything that is essential to discuss or take into account in the creation of 

the framework? 

The framework needs to discuss in detail what is needed for a device an OPC to be 

developed. This includes the availability of a rich dataset, the technology must be rich and 

well understood, the endpoints of interest must be known, and everyone must feel 

comfortable creating an OPC for the device.  
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Stakeholder Type: American College of Cardiology – Data Coordination Representative 

1. What should the elements of the framework be? 

The framework should discuss the identification of devices that should be used to create 

the OPC and the importance of identifying these devices through unique identifiers within 

data. A discussion on the data used and how a denominator is determined should also be 

included. If we only use adverse event reporting systems, then we will never have a true 

denominator. 

2. Comments on current elements of the framework: 

Very good and comprehensive. 

3. From the stakeholder’s perspective, which element of the framework is most 

crucial? 

Data quality and engagement of stakeholders are crucial elements of the framework. 

4. Which stakeholders are crucial to the creation of OPC? 

The FDA, device manufacturers, clinical experts, patients, payers such as CMS, and 

hospital health systems are important stakeholders. Hospital health systems include people 

collecting and inputting the data, so they need to be able to understand and explain to the 

patient how the data is being utilized. Also, they can describe any added burden associated 

with an increase in data collection. 

5. From the stakeholder’s perspective, what is the biggest challenge in the creation of 

OPC? 
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The biggest challenge associated with the creation of OPC is being in agreement or coming 

to a consensus between device manufacturers when there is competition. It is also 

important to determine patient populations and acceptable differences in a timely manner. 

Furthermore, deciding on how data will be captured and what data will be captured to 

establish the OPC can also be challenging to do in a timely manner when the data is being 

captured prospectively. 

6. Is there anything that is essential to discuss or take into account in the creation of 

the framework? 

Data quality should be included in the framework. This is linked to the buy-in from all 

stakeholders since if all stakeholders agree and decide to input data, then the quality of the 

data will increase as well. 
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Stakeholder Type: Mercy Health  – Health System Representative and Clinician 

1. What should the elements of the framework be? 

The framework should touch upon the selection criteria for the devices used to establish 

the OPC, the importance of robust data, the identification of pertinent clinical outcomes, 

and the benefits of using harmonized linked data. 

2. Comments on current elements of the framework: 

Good elements. No comment. 

3. From the stakeholder’s perspective, which element of the framework is most 

crucial? 

The most crucial elements in the framework are the selection of the right devices, and the 

selection of the data source used to create the OPC. 

4. Which stakeholders are crucial to the creation of OPC? 

The FDA, device manufacturers, and clinicians are crucial to any stakeholder advisory 

board for the creation of an OPC. 

5. From the stakeholder’s perspective, what is the biggest challenge in the creation of 

OPC? 

The biggest challenge associated with the creation of OPC is identifying a high-quality 

data source that can be used and then selecting the appropriate methods and outcomes. 
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6. Is there anything that is essential to discuss or take into account in the creation of 

the framework? 

The involvement of patients during the selection of appropriate outcomes or endpoints 

should be included. 
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Stakeholder Type: TMJ Association – Patient and Patient Representative 

1. What should the elements of the framework be? 

The elements should include a discussion on the quality of the data used and stakeholder 

engagement. 

2. Comments on current elements of the framework: 

Good elements that include both cited above. 

3. From the stakeholder’s perspective, which element of the framework is most 

crucial? 

Engagement of stakeholders and, more specifically, the patient is the most crucial element 

in the framework. The stakeholder advisory board should also involve professional 

organizations. Patients need to be able to tell their stories, speak about their experiences, 

and need to be willing to put data into a registry without fearing consequences. 

4. Which stakeholders are crucial to the creation of OPC? 

The FDA, patients, clinicians, device manufacturers, and professional organizations are 

crucial stakeholders. 

5. From the stakeholder’s perspective, what is the biggest challenge in the creation of 

OPC? 

Data quality is a challenge, bringing everyone to the table, and everyone at the table 

agreeing on the goals and outcomes are the biggest challenges to the creation of OPC. 
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6. Is there anything that is essential to discuss or take into account in the creation of 

the framework? 

None reported. 
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Stakeholder Type: PATIENTS Program – Patient, Community Outreach Specialist, and 

Nurse 

1. What should the elements of the framework be? 

The elements of the framework should discuss the effectiveness of the device, the longevity 

of the device, how to take into account patient characteristics, and other chronic conditions 

the patient may have. 

2. Comments on current elements of the framework: 

The elements are good. 

3. From the stakeholder’s perspective, which element of the framework is most 

crucial? 

The following elements of the framework are important: Engagement of stakeholders, the 

data source used, the statistical analyses used to account for patient characteristics, and the 

reporting of findings. With regards to statistical analyses, they need to make sure that the 

outcomes found are mainly due to the device and not other causes that have to do with 

patient characteristics. 

4. Which stakeholders are crucial to the creation of OPC? 

The recipients of devices/patients, educators, or individuals who interact with the patient 

(such as a provider), and device manufacturers are crucial stakeholders for the creation of 

OPC. 
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5. From the stakeholder’s perspective, what is the biggest challenge in the creation of 

OPC? 

The biggest challenge is disseminating the results correctly in a manner that all patients 

can understand how the OPC was determined, what it will be used for, and how it will 

affect their current care and future treatment. 

6. Is there anything that is essential to discuss or take into account in the creation of 

the framework? 

The framework needs to discuss the simplicity required in the reporting of the results and 

being as transparent as possible. 
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Stakeholder Type: Clinician and Data Informatician 

1. What should the elements of the framework be? 

It is important to discuss from the outset what the scope of the investigation is, the types 

of devices that will be used to create the OPC, the specific population that will be assessed, 

the intended consequences and unintended consequences of the device that will be 

captured. Furthermore, the role of overlapping conditions should be assessed. Endpoints 

specific to the assessment of the efficacy, safety, and quality of the device should be 

assessed. Quality refers to the process, and compliance with the protocol for the 

preparation, implantation, procedure, and post-operative procedure of the device. This will 

allow for the separation of outcomes due to the device versus the organization versus the 

process and care of the device. Quality allows one to measure and understand the process 

of the relationship to the device. The cost and resources associated with the device should 

also be discussed. 

2. Comments on current elements of the framework: 

Comprehensive elements of the framework, however, quality as an endpoint and the 

discussion around cost and resources should be included. 

3. From the stakeholder’s perspective, which element of the framework is most 

crucial? 

The discussion of the risk-benefit ratio that all sides are willing to accept before the 

assessment of the device is important. A good safety profile of a device is important, 



146 

 

 

however, it does not matter if the device is not effective, so this should be determined from 

the very beginning.  

4. Which stakeholders are crucial to the creation of OPC? 

The following stakeholders are crucial to the discussion: clinicians, manufacturers, 

patients, epidemiologists, and regulatory agencies. Patients should help with input on 

important endpoints. PROs should be used for a complete evaluation of the device. 

Epidemiologists are needed to ensure that the methodology used was correct. 

5. From the stakeholder’s perspective, what is the biggest challenge in the creation of 

OPC? 

The biggest challenge to creating OPC is getting good quality and optimal data. The 

challenge is determining how to get the information you need without further burdening 

the system. 

6. Is there anything that is essential to discuss or take into account in the creation of 

the framework? 

Adding a PRO component or any assessment of functional status is crucial. If PRO 

measurements are not available, then there needs to be transparency discussing this and 

what should happen next to address this gap. The quality component of the device 

evaluation should also be included.  
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Stakeholder Type: Patient 

1. What should the elements of the framework be? 

The framework should include the evaluation of the shown improvement and whether the 

improvement is major or minor, short-term versus long-term, etc. The tradeoff between 

post-surgery or implantation recovery time and the short-term or long-term benefit should 

be evaluated. Furthermore, the information that is found should be properly disseminated 

to the patient and their caregiver. 

2. Comments on current elements of the framework: 

The current elements are very good. The reporting of findings should include dissemination 

to not only the patient but also the caregiver. Information on how the device compared to 

other devices, as well as not receiving the device, should be provided. 

3. From the stakeholder’s perspective, which element of the framework is most 

crucial? 

The element regarding the engagement of the stakeholders is most crucial. All people must 

be in play. 

4. Which stakeholders are crucial to the creation of OPC? 

The device manufacturers that have good data on their device, patients, primary doctors 

that refer and know their patients the best, and well as the specialized surgeon that implants 

the device. 
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5. From the stakeholder’s perspective, what is the biggest challenge in the creation of 

OPC? 

Finding clinicians that have the patients’ best interest at heart is one of the main challenges. 

For this reason, primary care physicians that know their patients best should be used and 

not just the specialized physician. 

6. Is there anything that is essential to discuss or take into account in the creation of 

the framework? 

The framework should include the importance of discussing the findings of the OPC not 

only with the patient but also with someone associated with the patient. This allows the 

patients to discuss their treatment options with their associate alone and make an informed 

decision. 
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Stakeholder Type: Data Coordinated/ Data Analyst 

1. What should the elements of the framework be? 

The elements of the framework should include a discussion regarding the importance of 

device maturity and the clinical area that requires an OPC. There is much debate around 

when a device is mature enough and whether an OPC is needed. OPCs should only be 

developed in mature devices where appropriate endpoints can be captured. The 

methodology or statistical methods should be described in detail. Bayesian methodology 

should be used because it is intuitive. Clinical trial data should be used to create an OPG, 

while real-world evidence should be used to create OPC. 

2. Comments on current elements of the framework: 

They are great. The reporting of findings should include how the OPC should be used when 

it is the comparison in a one-armed trial. How the one-armed trial should be designed 

should also be discussed. The triggers that show that an OPC should be created or updated 

should be discussed. The number of devices entering the market and the number of adverse 

events reported can play a role in deciding when a device should be updated. 

3. From the stakeholder’s perspective, which element of the framework is most 

crucial? 

All elements are important, but the identification of the medical device and the 

transparency associated with the reporting of findings may be most crucial. 

4. Which stakeholders are crucial to the creation of OPC? 
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The FDA, industry, and patients are stakeholders that are crucial to the creation of OPC. 

5. From the stakeholder’s perspective, what is the biggest challenge in the creation of 

OPC? 

Getting people to agree, come to a consensus on what clinical area would benefit from the 

creation of OPC, what devices need OPC and more specifically, what devices should be 

used to create the OPC. 

6. Is there anything that is essential to discuss or take into account in the creation of 

the framework? 

The role of data quality, appropriate statistical analyses, and how the OPC are going to be 

used in single-armed trials need to be discussed. The development of single-armed trials 

that use OPC as the comparator should be discussed. 
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Stakeholder Type: Data Informatics – The Office of the National Coordinator for Health 

Information Technology (ONC) 

1. What should the elements of the framework be? 

No input because not involved in research. Identify the data source, know all the possible 

data sources, know how to access, and make sure the state of the data is known. 

2. Comments on current elements of the framework: 

The elements are fine. 

3. From the stakeholder’s perspective, which element of the framework is most 

crucial? 

Data quality is the most crucial, and trying to get data from point A to point B. The data 

should have widely used data models that are harmonized and connected in some way. This 

will allow for the seamless query and exchange of data. 

4. Which stakeholders are crucial to the creation of OPC? 

Stakeholders should include subject matter experts, clinicians, clinical groups, and data 

informatics.  

5. From the stakeholder’s perspective, what is the biggest challenge in the creation of 

OPC? 

Challenges include being able to include device identifiers and figuring out how to match 

people from registries to claims. 
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6. Is there anything that is essential to discuss or take into account in the creation of 

the framework? 

The data should have specific standards, including the Fast Healthcare Interoperability 

Resources (FHIR) standard, to make sure that the data can be harmonized and linked. 
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Stakeholder Type: FDA Health Technology Lead 

7. What should the elements of the framework be? 

The framework should discuss the role of the level of maturity in creating OPC vs. OPG. 

In some cases, an OPG may be a better start before a true OPC is created. The framework 

should also discuss differentiating between safety and efficacy and how this plays into our 

assessment of the benefit-risk profile. For the analysis of safety and efficacy endpoints, 

composite outcomes should be considered if the prevalence of outcomes of interest is low. 

 We need to know enough about a given device and its alternative treatment to create 

the appropriate OPC. The limitations of an OPC being used in a single-armed trial should 

be discussed. 

8. Comments on current elements of the framework: 

They are good. Referring to send resources on can further inform the appropriate statistical 

analysis section. 

9. From the stakeholder’s perspective, which element of the framework is most 

crucial? 

The selection of a data source and assessing its reliability is a crucial framework. 

10. Which stakeholders are crucial to the creation of OPC? 

The FDA, manufacturers, payers, professional societies in clinical care and patients are 

stakeholders that are crucial to the creation of OPC. 
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11. From the stakeholder’s perspective, what is the biggest challenge in the creation of 

OPC? 

Getting people to agree, come to a consensus is the biggest challenge due to “turf wars” 

between specialties. Furthermore, finding high quality and reliable is an additional 

challenge.  

12. Is there anything that is essential to discuss or take into account in the creation of 

the framework? 

Nothing that was not already discussed but will reach out if more comes to mind. 
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Stakeholder Type: FDA Health Technology Lead 

1. What should the elements of the framework be? 

The elements of the framework should include discussion about the patient population, the 

type of outcome being assessed, and the proficiency of the learning curve. The patient 

population discussions should include a discussion about the clinical area being assessed, 

the patient groups' needs, and the different needs within different populations by age 

groups. For the type of outcomes, PROs may be needed for subjective outcomes, and 

validates scales should be leveraged. Finally, there should be discussion regarding the 

learning curve and proficient of the surgeon and its role in objectively assessing the device. 

2. Comments on current elements of the framework: 

Great elements. There should be some discussion regarding the durability of the OPC. 

3. From the stakeholder’s perspective, which element of the framework is most 

crucial? 

The elements all build off of each other, and all the elements are important, however, the 

communication element may be the most important. It needs to be clear how decisions 

were made throughout the study. 

4. Which stakeholders are crucial to the creation of OPC? 

Any stakeholder with an interest in the device should be included. 

5. From the stakeholder’s perspective, what is the biggest challenge in the creation of 

OPC? 
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The biggest challenge is reaching an agreement within all engaged stakeholders. 

6. Is there anything that is essential to discuss or take into account in the creation of 

the framework? 

It should be made clear that OPCs are constantly evolving, so they need to be updated 

regularly. 
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Stakeholder Type: Data Coordinator 

1. What should the elements of the framework be? 

It is important to use an evidence-based medicine approach, to discuss all the limitations 

of the study, of the device, and the evidence. The potential of the developed OPC and well 

as its limitations should also be discussed. Finally, all approaches used to limit the bias 

should be discussed. 

2. Comments on current elements of the framework: 

Great. 

3. From the stakeholder’s perspective, which element of the framework is most 

crucial? 

All have differing importance but are all overall important. Data quality seems to be the 

biggest issue. 

4. Which stakeholders are crucial to the creation of OPC? 

The involvement of the FDA adds credibility to the OPC. Clinicians should also be 

involved. 

5. From the stakeholder’s perspective, what is the biggest challenge in the creation of 

OPC? 
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Challenges include pushing FDA leadership into action and the FDA convincing other 

regulators that the OPC is an acceptable alternative way of approving devices and making 

regulatory decisions. 

6. Is there anything that is essential to discuss or take into account in the creation of 

the framework? 

Stakeholder involvement should be discussed extensively. 
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Stakeholder Type: FDA Health Technology Lead 

1. What should the elements of the framework be? 

The framework should touch upon what patient population the OPC would apply to. There 

needs to be flexibility around the OPC so that it can be applied to different subpopulations. 

The OPC needs to be transparent and appropriate expectations should be put in place for 

the device while allowing for adaptions for different populations. Secondly, OPC creation 

can only occur if the right buy-in is present. Shortcuts in who is involved should not be 

taken in order to reach consensus. Finally, patient-level analyses should take place. This 

includes subgroup analyses, so we know how devices function within different populations 

and if we have clearly defined and standardized outcomes. 

2. Comments on current elements of the framework: 

Good. The framework should add that if one of these criteria or elements of the framework 

cannot be met, then researchers should stop the process and go back to ensure that the 

element can occur. 

3. From the stakeholder’s perspective, which element of the framework is most 

crucial? 

All of them but the engagement of the stakeholders may be the most crucial. 

4. Which stakeholders are crucial to the creation of OPC? 

Crucial stakeholders include physicians, FDA, international regulators, and manufacturers. 
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5. From the stakeholder’s perspective, what is the biggest challenge in the creation of 

OPC? 

The greatest challenge for OPC creation is the availability of meaningful data and 

stakeholder’s willingness to share the data. 

6. Is there anything that is essential to discuss or take into account in the creation of 

the framework? 

The OPC should not be industry-driven, or else it is no longer objective. Stakeholders are 

needed to make sure that the OPC is meaningful. Limitations of the OPC and the 

framework overall should be discussed, but overall a standardized approach to the creation 

of OPC is needed. 
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Stakeholder Type: Patient 

1. What should the elements of the framework be? 

The framework should not just take into account the product lifecycle but also the patient's 

lifecycle. This means that different subpopulations of patients and their medical history 

with devices should be taken into account. Furthermore, there should be an emphasis on 

identifying and measuring the unintended consequences of the device to broaden the 

patient experience. Finally, there should be an emphasis on accurate communication with 

the patient beyond just labeling since the patient will never see the label included with the 

medical device. 

2. Comments on current elements of the framework: 

The framework should include further discussion on subjective endpoints, including 

unintended consequences, capturing the patient experience, and avoiding the misalignment 

of success metrics. A success metric should include ensuring that the path forward with 

living with the device is what the patient had in mind when consenting to the insertion of 

the device. 

3. From the stakeholder’s perspective, which element of the framework is most 

crucial? 

The engagement of stakeholders is the most crucial element followed by the selection of 

data source since patient-generated data would aid in increasing the quality of the data. 

4. Which stakeholders are crucial to the creation of OPC? 
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Crucial stakeholders are medical device manufacturers, compliance/regulatory bodies, 

physician/provider organizations, patients, and patient caregivers. 

5. From the stakeholder’s perspective, what is the biggest challenge in the creation of 

OPC? 

Addressing the misalignment between what the FDA standards of what an effective device 

is compared to what patient groups believe what constitutes an effective device. 

6. Is there anything that is essential to discuss or take into account in the creation of 

the framework? 

There should be an opportunity throughout the framework for stakeholders to provide 

feedback, evaluations, and iterations of the process of the framework.  
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Stakeholder Type: Device Manufacturer 

1. What should the elements of the framework be? 

The elements should include discussion concerning standardized outcomes and their 

definitions. There needs to be an agreement reached on appropriate performance measures 

knowing that devices are reiterated multiple times throughout (approximately every 18 

months). Outcomes and adverse events of interest may apply to the first iteration of the 

device but not the final iteration, so this must be adapted. Furthermore, how the endpoints 

are measured should be standardized. This forces the OPC to be flexible even though the 

outcomes may change or should be stated as a limitation of the OPC. For the selection of 

the device, it should be taken into account that devices with the same indication in the same 

clinical area may have different main outcomes and adverse events of interest. Finally, 

patient preferences should be taken into account, and clinicians that practice daily should 

be included. This is crucial to determine what performance criteria should be assessed. 

2. Comments on current elements of the framework: 

Good. The patient perspective should be further emphasized. 

3. From the stakeholder’s perspective, which element of the framework is most 

crucial? 

Crucial elements are: 1. Engagement of Key Stakeholders (namely patients), Identification 

of Medical Devices for the Development of OPCs, and Reporting of Findings (particularly: 
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who has access to that data and their interpretation in the early days of a medical 

technology). 

4. Which stakeholders are crucial to the creation of OPC? 

Patients and practicing clinicians, not just clinicians in professional societies, should be 

included. 

5. From the stakeholder’s perspective, what is the biggest challenge in the creation of 

OPC? 

The biggest challenge in the creation of OPC occurs when there is disagreement over which 

OPCs to create. The created OPC should reflect patient priorities. 

 

6. Is there anything that is essential to discuss or take into account in the creation of 

the framework? 

Discussion regarding patient preferences should be included. 
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Stakeholder Type: Payer/HTA 

1. What should the elements of the framework be? 

The elements should touch upon what safety measures should be assessed at different time 

points. It should also assess efficacy measures and patient-centered outcomes as designated 

by patient preferences. The covariates should measure the minimum criteria of providers 

and institutions. 

2. Comments on current elements of the framework: 

This is a process-oriented framework. Stakeholder engagements can become complicated, 

and it should be discussed what each stakeholder's role is and who gives input on what 

portion of the protocol. 

3. From the stakeholder’s perspective, which element of the framework is most 

crucial? 

Engagement of key stakeholders is the most crucial element of the framework. 

4. Which stakeholders are crucial to the creation of OPC? 

Regulators, patient groups, patient representatives, societies, clinicians, payers may be 

included, and HTA bodies, among many, should be included as stakeholders. 

5. From the stakeholder’s perspective, what is the biggest challenge in the creation of 

OPC? 

Engaging stakeholders and selecting of data sources are the biggest challenge. 
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6. Is there anything that is essential to discuss or take into account in the creation of 

the framework? 

Patient centeredness needs to be mentioned, and patient preferences should be included. 
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Stakeholder Type: Payer/HTA 

1. What should the elements of the framework be? 

The elements should include discussion on the engagement of stakeholders, including 

patients, providers, payers, etc. to evaluate the comparative effectiveness data. The 

framework should be broadly applicable to all devices and should discuss how efficacy and 

safety are achieved through the selected device. 

2. Comments on current elements of the framework: 

The framework should touch upon whether it is focused on performance improvements or 

evaluating the safety and efficacy of the device. The framework should also mention 

unmeasured confounder (i.e., how the device is used). For data sources, we need UDI in 

claims. The framework should discuss, similar to the ARIA FDA Sentinel, what the 

framework or OPC can do and be operationalized. Finally, the framework needs stopping 

rules. 

3. From the stakeholder’s perspective, which element of the framework is most 

crucial? 

The selection of the data source is the most crucial element. If the data is incomplete or 

low quality, then one can easily get a wrong inference. 

4. Which stakeholders are crucial to the creation of OPC? 

Patients, payers, providers, health systems should be included as stakeholders; however, it 

is highly dependent on the question being asked. 
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5. From the stakeholder’s perspective, what is the biggest challenge in the creation of 

OPC? 

Two challenges are coming to a consensus on the protocol (i.e., question, the definition of 

exposure, etc.) and the ability to find a dataset that has the quality needed to answer the 

question. 

6. Is there anything that is essential to discuss or take into account in the creation of 

the framework? 

The assessment of what is quality data needs to be addressed. The NESTcc release and 

Duke Margolis frameworks should be examined and potentially referenced. 
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Stakeholder Type: Payer/HTA 

1. What should the elements of the framework be? 

The framework should discuss how to capture meaningful information and utilization. It 

should examine in whom the devices would work best, who would derive the greatest 

benefit. It should examine claims, services, etc. on a broader level to understand resource 

use further and measure direct and indirect costs. This will help us understand the value of 

the medical device. 

2. Comments on current elements of the framework: 

Discussion concerning identifying the appropriate target population and the issues 

surrounding coding the identification of the population should be addressed. There should 

be the engagement of stakeholders before any analysis is performed and the source of the 

data should be emphasized. 

3. From the stakeholder’s perspective, which element of the framework is most 

crucial? 

The selection of the data source and the discussion regarding statistical analyses (i.e., 

sample size, timeline, data collection, etc.) are crucial. The discussion around meaningful 

endpoints (i.e., productivity) should also be discussed. 

4. Which stakeholders are crucial to the creation of OPC? 

Payers are potential crucial stakeholders to the creation of OPC. 
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5. From the stakeholder’s perspective, what is the biggest challenge in the creation of 

OPC? 

It will be challenging to define the metrics that matter, getting access to data, and getting 

data over the appropriate timeframe to make appropriate long-term consequences. 

6. Is there anything that is essential to discuss or take into account in the creation of 

the framework? 

It is crucial that the source and elements of the data are disclosed. Transparency and the 

correct buy-in is needed. Patient subgroups should be explored so that physicians and 

payers can leverage the OPC to set patients' expectations regarding their quality of life and 

daily living after the implantation of a device. 
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Stakeholder Type: Payer/HTA 

1. What should the elements of the framework be? 

A discussion around what performance means should be included. Performance assumes 

that the device is doing what it is intended to do. Different performance measures are not 

generalizable to all devices. When we attempt to identify a device that could benefit from 

a performance measure, we need to ensure that we know enough about the device, what 

outcomes matter for that device, and if those outcomes are measurable. We also have to 

make sure that we have access to the appropriate data source. 

2. Comments on current elements of the framework: 

The framework may not be generalizable all Class III medical devices. It is important to 

discern between performance (i.e., durability, functioning) and outcomes (i.e., safety and 

efficacy). When choosing and assessing a device it is also important to take into account 

the prevalence of the procedure and its pitfalls. 

3. From the stakeholder’s perspective, which element of the framework is most 

crucial? 

None. They are all separately important. 

4. Which stakeholders are crucial to the creation of OPC? 

Stakeholders should include clinicians/surgeons, payers, other providers (i.e., physical 

therapists), and patients. 
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5. From the stakeholder’s perspective, what is the biggest challenge in the creation of 

OPC? 

There is a challenge in figuring out which clinical areas would benefit the most from OPC 

or where the OPC would be most useful and appropriate. It is also challenging to have to 

identify a coherent group of stakeholders. 

6. Is there anything that is essential to discuss or take into account in the creation of 

the framework? 

It is important to acknowledge that performance is sperate from outcomes. Performance 

criteria are different from clinical value and are only appropriate where the clinical context 

is very well understood. 
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Stakeholder Type: Device Manufacturer 

1. What should the elements of the framework be? 

The elements of the framework should include the requirement of a clear understanding of 

the condition of interest, a clear understanding of the outcomes most important to the 

patients, incorporation of patient preferences, input from clinicians and patients, and a 

rigorous way of selecting endpoints. 

2. Comments on current elements of the framework: 

The current elements of the framework look good. 

3. From the stakeholder’s perspective, which element of the framework is most 

crucial? 

Engagement of the key stakeholder is the most crucial outcome. 

4. Which stakeholders are crucial to the creation of OPC? 

Patients, clinicians, regulators, payers, and industry partners should be the stakeholders 

engaged through the OPC creation process. 

5. From the stakeholder’s perspective, what is the biggest challenge in the creation of 

OPC? 

The biggest challenge to OPC creation is the alignment of stakeholder opinion on what is 

important. Furthermore, the evaluation of a therapy is not always straightforward and can 

become very complex. 
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6. Is there anything that is essential to discuss or take into account in the creation of 

the framework? 

It is important to discuss why OPC are useful and why we want to invest the time and 

resources to create OPC. 
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Stakeholder Type: Payer/HTA 

1. What should the elements of the framework be? 

The framework should consider the reliability of the data elements within the data sources 

used to create the OPC. Some data elements are reliable (i.e., age and sex) while others are 

not (i.e., ethnicity and race). The method used to obtain the data element, whether it is 

demographic or clinical, should be considered. Unmeasured confounding, such as the 

method of data collection, should be considered. This may require the use of validated data 

elements. Furthermore, the nature of the question is crucial to identifying the appropriate 

data sources. When registries are selected, they should be audited. When claims-based data 

sources, methods of payment should be considered since value-based or bundled payment 

models may affect which procedures are reported. 

2. Comments on current elements of the framework: 

The elements seem to be correct. It is important to evaluate the outcomes and the data 

sources when selecting the medical device to be identifying since being able to reliably 

capture the outcomes is crucial. 

3. From the stakeholder’s perspective, which element of the framework is most 

crucial? 

All of the elements are crucial and required. 

4. Which stakeholders are crucial to the creation of OPC? 
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Clinicians and payers should be included stakeholders since clinicians can help assess what 

outcomes are relevant, and the payer must find the study compelling if they plan on using 

it as a basis for reimbursement decision-making. 

5. From the stakeholder’s perspective, what is the biggest challenge in the creation of 

OPC? 

The biggest challenge to OPC creation is aligning the priorities of all the stakeholders. The 

captured outcomes need to be compelling, and the burden of capturing data elements 

should be taken into account. 

6. Is there anything that is essential to discuss or take into account in the creation of 

the framework? 

None. 
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Stakeholder Type: Payer/HTA 

1. What should the elements of the framework be? 

The framework should include a discussion regarding what the OPC should be compared 

to once it is established. This will provide guidance on how the OPC can be used and what 

it can appropriately be compared to. This becomes more complicated when there are a large 

number of similar devices already on the market. For creating OPCs in new devices, 

enough data may not be available to do so. External entities need to be involved in setting 

the standards. 

2. Comments on current elements of the framework: 

No comment. 

3. From the stakeholder’s perspective, which element of the framework is most 

crucial? 

The most crucial element of the framework is the Identification of Medical Devices for the 

Development of OPC. There are some instances where creating OPC may not be feasible 

since the device is used only for rare conditions or for very specific subpopulations. The 

selection of the data source element is also crucial since it will most likely be a significant 

limitation to creating these OPC in some devices. 

4. Which stakeholders are crucial to the creation of OPC? 

Stakeholders involved should include the FDA, MDIC, manufacturers, patients/patient 

advocacy groups, and providers/professional clinical societies. 
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5. From the stakeholder’s perspective, what is the biggest challenge in the creation of 

OPC? 

Selecting a data source will most likely be the greatest challenge. Sufficiently robust data 

is needed. Uniform data all collected in one place is also needed. 

6. Is there anything that is essential to discuss or take into account in the creation of 

the framework? 

It is important to create OPC with a  degree of granularity. Payers, such as CMS, would 

greatly benefit from age-specific subgroup analyses, for example. 
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Stakeholder Type: Payer/HTA 

1. What should the elements of the framework be? 

It is important to discuss the practicality of the measurement. Questions to ask are: how 

easy is it to gather the information, how do we get the data, and how do we define the 

endpoint? It is important to ensure that endpoint is clearly defined, patient-centered, and 

may not necessarily be clinical outcomes always. 

2. Comments on current elements of the framework: 

It is important to include a discussion regarding the role of OPC in the premarket. This will 

explain better why the graph is a circle rather than a straight line. 

3. From the stakeholder’s perspective, which element of the framework is most 

crucial? 

The most crucial element is the reporting of findings elements. There needs to be 

transparency regarding data collection and implementation. 

4. Which stakeholders are crucial to the creation of OPC? 

The stakeholders that are crucial to the creation of OPC are dependent on the device being 

evaluated; however, it should generally include: industry, patients, payers, clinicians, 

clinical professional societies, FDA, and other research agencies such as AHRQ and NIH. 

These research agencies have the ability to identify good research, which would be 

important for the research question and the methodology. 
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5. From the stakeholder’s perspective, what is the biggest challenge in the creation of 

OPC? 

The biggest challenge would be finding the resources in terms of funding, data sources, 

and analysts able to do the data analyses. 

6. Is there anything that is essential to discuss or take into account in the creation of 

the framework? 

The framework should present from the beginning, a clear idea of the purposed of the OPC 

and elaborate as a secondary purpose its potential on the premarket side. 
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Appendix II. Aim 2 

Table 16. (A2.1) - Comparison demographics between those with stent, atherectomy, 

and combination stent atherectomy with long-term follow-up 

 Atherectomy Stent Combination 

Stent 

Atherectomy 

p-

value 

N=26350 3376  21189  1785   

Demographic        

Age (mean, std) 69.50 11.53 66.98 11.21 68.90 11.07 <.0001 

Age Category (n,%)       <.0001 

<40 27 0.80 143 0.67 7 0.39  

40-49 117 3.47 1001 4.72 55 3.08  

50-59 530 15.70 4495 21.21 306 17.14  

60-69 1022 30.27 6926 32.69 572 32.04  

70-79 944 27.96 5531 26.10 513 28.74  

80-89 607 17.98 2608 12.31 274 15.35  

>89 129 3.82 485 2.29 58 3.25  

Sex (n,%)       .1294 

Missing/Unknown 0 0.00 2 0.01 0 0.00  

Male 1946 57.64 11969 56.49 1060 59.38  

Female 1430 42.36 9218 43.50 725 40.62  

Ethnicity (n,%)       <.0001 

Missing/Unknown 6 0.18 103 0.49 3 0.17  

Non-Hispanic/Latino 3195 94.64 20264 95.63 1694 94.90  

Hispanic/Latino 175 5.18 822 3.88 88 4.93  

Race (n,%)       <.0001 

American Indian or Alaskan 37 1.10 67 0.32 8 0.45  

Asian 35 1.04 189 0.89 9 0.50  

Black or African-American 644 19.08 2728 12.87 305 17.09  

White 2519 74.61 17521 82.69 1419 79.50  

Missing/Unknown/Other 141 4.18 684 3.23 44 2.46  

BMI Category (n,%)       <.0001 

Underweight 11 3.29 966 4.56 67 3.75  

Normal Weight 955 28.29 6850 32.33 563 31.54  

Overweight 1097 32.49 7036 33.21 613 34.34  

Obese 1213 35.93 6337 29.91 542 30.36  

Primary Insurer (n,%)       <.0001 

Missing/Unknown 312 9.24 3013 14.22 131 7.34  

Medicare 1789 52.99 8573 40.46 939 52.61  

Medicaid 188 5.57 1346 6.35 110 6.16  

Commercial 994 29.44 7298 34.44 564 31.60  

Military/VA 29 0.86 153 0.72 12 0.67  

Non-US Insurance 2 0.06 318 1.50 0 0.00  

Self-Pay 62 1.84 488 2.30 29 1.62  
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Table 16. (A2.1) - Continued 

 Atherectomy Stent Combination 

Stent 

Atherectomy 

p-

value 

Smoking Status (n,%)       <.0001 

Missing/Unknown 413 12.23 2003 9.45 235 13.17  

Yes 2223 65.85 12331 58.20 1044 58.49  

No 740 21.92 6855 32.35 506 28.35  

Living Status (n,%)       <.0001 

Missing/Unknown 14 0.41 16 0.08 3 0.17  

Home 3228 95.62 20670 97.55 1727 96.75  

Nursing Home 134 3.97 503 2.37 55 3.08  

Coronary Artery Disease 
(n,%) 

      .0067 

Missing/Unknown 1 0.03 8 0.04 0 0.00  

No 2674 79.21 17206 81.20 1403 78.60  

Yes 701 20.76 3975 18.76 382 21.40  

Chronic Obstructive 
Pulmonary Disease (COPD) 
(n,%) 

      <.0001 

Missing/Unknown 4 0.12 6 0.03 0 0.00  

No 2660 78.79 15659 73.90 1341 75.13  

Yes 712 21.09 5524 26.07 444 24.87  

Aneurysm (n,%)       .3480 

Missing/Unknown 33 0.98 266 1.26 17 0.95  

No 3329 98.61 20800 98.16 1759 98.54  

Yes 14 0.41 123 0.58 9 0.50  

Previous Coronary 
Intervention (n,%) 

      .0002 

No 3109 92.09 19821 93.54 1637 91.71  

Yes 267 7.91 1368 6.46 148 8.29  

Conditions  

Pre-Operative Dysrhythmia 
(n,%) 

      <.0001 

Missing/Unknown 1968 58.29 14437 68.13 961 53.84  

No 1129 33.44 5823 27.48 694 38.88  

Yes 279 8.26 929 4.38 130 7.28  

Pre-Operative Diabetes (n,%)       <.0001 

Missing/Unknown 1 0.03 5 0.02 0 0.00  

No 1536 45.50 13083 61.74 996 55.80  

Yes 1839 54.47 8101 38.23 789 44.20  

Pre-Operative Dialysis (n,%)       <.0001 

No 3054 90.46 20329 95.94 1680 94.12  

Yes 322 9.54 860 4.06 105 5.88  
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Table 16. (A2.1) - Continued 

 Atherectomy Stent Combination 

Stent 

Atherectomy 

p-

value 

Medication Usage  

Receipt of Any 
Anticoagulant (n,%) 

      <.0001 

Missing/Unknown 1198 35.49 6203 29.27 734 41.12  

No 1641 48.61 12393 58.49 809 45.32  

Yes 537 15.91 2593 12.24 242 13.56  

Receipt of Blood 
Pressure/Heart Failure 
Medication (n,%) 

      <.0001 

Missing/Unknown 811 24.02 4792 22.62 448 25.10  

No 476 14.10 3553 16.77 252 14.12  

Yes 2089 61.88 12844 60.62 1085 60.78  

Receipt of Platelets (n,%)       .3292 

Missing/Unknown 2 0.06 7 0.03 2 0.11  

No 943 27.93 5687 25.84 476 26.67  

Yes 2431 72.01 15495 73.13 1307 73.22  

Receipt of Cholesterol 
Medication - Statin (n,%) 

      <.0001 

Missing/Unknown 1 0.03 6 0.03 2 0.11  

No 1266 37.50 7376 34.81 653 36.58  

Yes 2109 62.47 13807 65.16 1130 63.31  

Receipt of Claudication 
Medication - Cilostazol (n,%) 

      <.0001 

Missing/Unknown 1968 58.29 14441 68.18 962 53.89  

No 1318 39.04 6219 29.35 753 42.18  

Yes 90 2.67 529 2.50 70 3.92  

Functionality Measures  

American Society of 
Anesthesiologists Class 
(n,%) 

      <.0001 

Missing/Unknown 1549 45.88 7331 34.60 884 49.52  

Healthy 35 1.04 270 1.27 19 1.06  

Mild Systemic diseases 481 14.25 3729 17.60 269 15.07  

Severe Systemic Diseases 1137 33.68 8930 42.14 548 30.70  

Severe Systemic Diseases – 
Threat to Life 

174 5.15 918 4.33 65 3.64  

Moribund – Not expected to 
survive without operation 

0 0 11 0.05 0 0.00  
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Table 16. (A2.1) - Continued 

 Atherectomy Stent Combination 

Stent 

Atherectomy 

p-

value 

Pre-Operative Ankle-
Brachial Index Category 
(n,%) 

      <.0001 

Missing/Unknown 798 23.64 4858 22.93 412 23.08  

No Blockage 130 3.85 333 1.57 29 1.62  

Mild Blockage 344 10.19 1563 7.38 131 7.34  

Moderate Blockage 1374 40.70 10010 47.24 863 48.35  

Severe Blockage 368 10.90 3417 16.13 246 13.78  

Rigid Arteries 362 10.72 1008 4.76 104 5.83  

Pre-Operative Toe-Brachial 
Index Category (n,%) 

      <.0001 

Missing/Unknown 2935 86.94 17850 84.24 1575 88.24  

No Blockage 3 0.09 21 0.10 1 0.06  

Mild Blockage 13 0.39 61 0.29 1 0.06  

Moderate Blockage 142 4.21 1022 4.82 66 3.70  

Severe Blockage 267 7.91 2131 10.06 134 7.51  

Rigid Arteries 16 0.47 104 0.49 8 0.45  

Long-Term Functional Status 
(n,%) 

      <.0001 

Missing/Unknown 1888 55.92 13477 63.60 998 55.91  

Full Functionality 689 20.41 4366 20.61 377 21.12  

Light work 342 10.13 1764 8.33 183 10.25  

Self-Care 284 8.41 1072 5.06 166 9.30  

Assisted Care 154 4.56 461 2.18 50 2.80  

Bed Bound 19 0.56 49 0.23 11 0.62  

Long-Term Ambulation 
(n,%) 

      <.0001 

Missing/Unknown 626 18.54 2835 13.38 325 18.21  

Fully Ambulatory 1989 58.92 14951 70.56 1160 64.99  

Ambulatory with Assistance 477 14.13 2363 11.15 216 12.10  

Wheelchair 243 7.20 909 4.29 66 3.70  

Bedridden 41 1.21 131 0.62 18 1.01  

Number of Arteries Treated 
(n,%) 

      <.0001 

1 1742 51.60 9866 46.56 700 39.22  

2 989 29.30 7676 36.23 596 33.39  

>=3 645 19.11 3647 17.21 489 27.39  

Type of Artery Treated       <.0001 

Missing/Unknown 0 0.00 1 0.00 0 0.00  

Iliac 80 2.37 11890 56.11 267 14.96  

Femoropopliteal 2575 76.27 8780 41.44 1434 80.34  

Tibial 721 21.36 518 2.44 84 4.71  
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Table 16. (A2.1) - Continued 

 Atherectomy Stent Combination 

Stent 

Atherectomy 

p-

value 

Leg Symptoms, (n,%)       <.0001 

Missing/Unknown 6 0.18 35 0.17 3 0.17  

Claudication 1422 42.12 11847 55.91 936 52.44  

Critical Limb Ischemia 1948 57.70 9307 43.92 846 47.39  

Acute Ischemia, (n,%)       .0386 

Missing/Unknown 3328 98.58 20806 98.19 1765 98.88  

Viable 27 0.80 138 0.65 7 0.39  

Threatened 21 0.62 241 1.14 13 0.73  

Non-Viable 0 0.00 4 0.02 0 0.00  

Tissue Loss, (n,%)       <.0001 

Missing/Unknown 2775 82.20 19627 92.63 1558 87.28  

Grade 1, shallow 415 12.29 1044 4.93 153 8.57  

Grade 2, Deep 160 4.74 402 1.90 59 3.31  

Grade 3, Extensive 26 0.77 116 0.55 15 0.84  

Infection, (n,%)       <.0001 

Missing/Unknown 2779 82.32 19624 92.61 1558 87.28  

Grade 0, None 367 10.87 992 4.69 159 8.91  

Grade 1, Mild 135 4.00 316 1.49 36 2.02  

Grade 2, Moderate 79 2.34 205 0.97 24 1.34  

Grade 3, Severe 16 0.47 52 0.25 8 0.45  

Setting, (n,%)       <.0001 

Missing/Unknown 1971 58.38 14437 68.13 962 53.89  

Outpatient 752 22.27 3845 18.15 412 23.08  

Inpatient 418 12.38 2723 12.85 188 10.53  

Ambulatory Center 140 4.15 68 0.32 23 1.29  

Office 95 2.81 116 0.55 200 11.20  

Urgency, (n,%)       .0748 

Missing/Unknown 5 0.15 8 0.04 2 0.11  

Elective 2919 86.46 18446 87.05 1540 86.27  

Urgent 452 13.39 2735 12.91 243 13.61  

Access Side, (n,%)       <.0001 

Missing/Unknown 33 0.98 208 0.98 7 0.39  

Right 1787 52.93 13663 64.48 964 54.01  

Left 1556 46.09 7318 34.54 814 45.60  

TASC Grade, (n,%)       <.0001 

Missing/Unknown 729 21.59 3219 15.19 313 17.54  

A, Lesions would greatly 
benefit from endovascular 

management 

644 19.08 5526 26.08 272 15.24  

B, Lesions would somewhat 
benefit from endovascular 

management 

657 19.46 4777 22.54 351 19.66  

C, Lesions would have long-
term benefits from surgical 

management 

548 16.23 3491 16.48 359 20.11  
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Table 16. (A2.1) - Continued 

 Atherectomy Stent Combination 

Stent 

Atherectomy 

p-

value 

D, Lesions should only be 
treated by open surgery 

336 9.95 1264 5.97 248 13.89  

Protect Adjacent Artery 462 13.68 2912 13.74 242 13.56  

Concomitant Endovascular 
Procedure, (n,%) 

      <.0001 

No 2913 86.29 20098 94.85 1500 84.03  

Yes 463 13.71 1091 5.15 285 15.97  

Concomitant Bypass, (n,%)       <.0001 

No 3374 99.94 21076 99.47 1783 99.89  

Yes 2 0.06 113 0.53 2 0.11  
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Table 17. (A2.2) - Full Model Results for Odds Ratio modeling short-term MALE 

Parameter 
 

Estimate Standard 

Error 

95% Confidence Limits P-value 

Intercept  -2.4520 0.3009 -3.0417 -1.8622 <.0001 

Age Category <40 REF     

 40-49 0.1327 0.1186 -0.0997 0.3651 0.2631 

 50-59 -0.1503 0.0759 -0.2991 -0.0015 0.0477 

 60-69 -0.1783 0.0650 -0.3058 -0.0509 0.0061 

 70-79 -0.1474 0.0662 -0.2771 -0.0176 0.0260 

 80-89 -0.0682 0.0745 -0.2143 0.0779 0.3600 

 >89 0.0352 0.1204 -0.2008 0.2713 0.7699 

Artery Type Iliac REF     

 Femoropopliteal -0.0913 0.0396 -0.1689 -0.0138 0.0210 

 Tibial 0.2868 0.0607 0.1678 0.4058 <.0001 

Concomitant Bypass No REF      
Yes 0.1712 0.1364 -0.0961 0.4386 0.2093 

Concomitant 
Endovascular 

No REF     

 
Yes 0.3420 0.0362 0.2710 0.4129 <.0001 

Discharge Status Home REF     

 Assisted Living 0.0423 0.0762 -0.1071 0.1917 0.5790 

 Dead 0.3762 0.1267 0.1279 0.6245 0.0030 

Sex Male REF      
Female 0.0103 0.0280 -0.0446 0.0652 0.7129 

Leg Symptoms Claudication REF      
Critical Limb 
Ischemia 0.1553 0.0335 0.0896 0.2210 <.0001 

Living Status Home REF      
Nursing Home -0.1115 0.0707 -0.2501 0.0271 0.1148 

COPD No REF      
Yes -0.4636 0.2273 -0.9093 -0.0180 0.0414 

Coronary Intervention No REF     

 Yes 0.2081 0.0453 0.1194 0.2970 <.0001 

Number of Arteries 
Treated 

1 REF     

 2 0.2829 0.0374 0.2097 0.3561 <.0001 

 3 or More 0.6226 0.0395 0.5452 0.7001 <.0001 

Pre-operative 
Ambulation 

Fully Ambulatory REF     

 Ambulatory with 
Assistance 0.0298 0.0987 -0.1636 0.2232 0.7628 

 Wheelchair -0.1314 0.1218 -0.3702 0.1073 0.2806 

 Bedridden 0.0650 0.2142 -0.3547 0.4848 0.7614 

Pre-Operative Dialysis No REF      
Yes 0.1020 0.0493 0.0054 0.1987 0.0385 

Pre-Operative Platelet No REF      
Yes -0.0843 0.0295 -0.1421 -0.0264 0.0043 
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Table 17. (A2.2) - Continued 

Parameter  Estimate Standard 

Error 
95% Confidence Limits P-value 

Smoking Status Never REF     

 Prior 0.0606 0.0386 -0.0151 0.1362 0.1165 

 Current -0.0436 0.0437 -0.1294 0.0421 0.3189 

Race White REF     

 American Indian 
or Alaskan 0.3872 0.2279 -0.0594 0.8339 0.0893 

 Asian -0.0420 0.1951 -0.4244 0.3404 0.8294 

 Black or African 
American -0.0523 0.0927 -0.2339 0.1293 0.5725 

 Other -0.0954 0.1243 -0.3390 0.1483 0.4429 

TASC Grade A REF     

 B -0.2423 0.0626 -0.3653 -0.1192 0.0001 

 C -0.0578 0.0588 -0.1732 0.0577 0.3263 

 D 0.5453 0.0570 0.4335 0.6570 <.0001 

 Protect Adjacent 
Artery 0.2851 0.0574 0.1726 0.3977 <.0001 

Treatment Stent REF     

 Atherectomy 0.2182 0.0530 0.1143 0.3222 <.0001 

 Combination 
Stent and 
Atherectomy -0.1408 0.0651 -0.2683 -0.0133 0.0304 

Urgency Non-Urgent REF     

 Urgent 0.1623 0.0341 0.0954 0.2292 <.0001 
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Table 18. (A2.3) - Full Model Results for hazard ratios modeling long-term MALE 

Parameter 
 

Estimate Standard 

Error 

Hazard 

Ratio 

95% Confidence 

Limits 

P-value 

Age Category <40 REF      

 40-49 0.1309 0.1527 1.1399 0.8450 1.5377 0.1309 

 50-59 -0.2002 0.1446 0.8185 0.6165 1.0867 -0.2002 

 60-69 -0.4076 0.1443 0.6653 0.5014 0.8827 -0.4076 

 70-79 -0.6385 0.1461 0.5281 0.3966 0.7032 -0.6385 

 80-89 -0.8289 0.1505 0.4366 0.3250 0.5864 -0.8289 

 >89 -1.2241 0.1852 0.2940 0.2045 0.4227 -1.2241 

Artery Type Iliac REF      

 Femoropopliteal 0.7128 0.0399 2.0396 1.8861 2.2056 <.0001 

 Tibial 0.9147 0.0712 2.4959 2.1710 2.8695 <.0001 

BMI Category Underweight REF      

 Normal Weight -0.0056 0.0800 0.9944 0.8501 1.1632 0.944 

 Overweight -0.1170 0.0807 0.8896 0.7595 1.0421 0.1472 

 Obese -0.1722 0.0813 0.8418 0.7179 0.9872 0.0341 

Concomitant 
Bypass 

No REF      

 
Yes 0.1656 0.2576 1.1801 0.7123 1.9550 0.5203 

Concomitant 
Endovascular 

No REF      

 
Yes -0.1153 0.0643 0.8911 0.7857 1.0107 0.0727 

Discharge 
Status 

Home REF      

 Assisted Living 0.2847 0.0566 1.3294 1.1899 1.4853 <.0001 

 Dead -7.3000 0.9951 0.0007 0.0001 0.0048 <.0001 

Sex Male REF       
Female 0.0567 0.0325 1.0583 0.9929 1.1280 0.0817 

Leg Symptoms Claudication REF       
Critical Limb 
Ischemia 

0.6207 0.0370 1.8603 1.7301 2.0001 <.0001 

Living Status Home REF       
Nursing Home -0.1938 0.1037 0.8239 0.6724 1.0095 0.0616 

COPD No REF       
Yes -0.1554 0.0390 0.8561 0.7930 0.9242 <.0001 

Number of 
Arteries 
Treated 

1 REF      

 2 -0.0916 0.0364 0.9125 0.8497 0.9799 0.0118 

 3 or More -0.0941 0.0447 0.9102 0.8338 0.9935 0.0352 

Pre-operative 
Ambulation 

Fully 
Ambulatory 

REF      

 Ambulatory with 
Assistance 

0.0969 0.0452 1.1017 1.0084 1.2037 0.0319 

 Wheelchair -0.0442 0.0934 0.9568 0.7968 1.1490 0.6363 

 Bedridden -0.0224 0.2156 0.9778 0.6408 1.4921 0.9171 
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Table 18. (A2.3) - Continued 

Parameter  Estimate Standard 

Error 
Hazard 

Ratio 
95% Confidence 

Limits 
P-value 

Pre-Operative 
Blood 
Pressure/Heart 
Failure 

No REF      

 
Yes -0.0506 0.0453 0.9507 0.8695 1.0394 0.2653 

Pre-Operative 
Diabetes 

No REF      

 
Yes 0.3846 0.0337 1.4690 1.3751 1.5693 <.0001 

Pre-Operative 
Dialysis 

No REF      

 
Yes 0.2089 0.0598 1.2323 1.0960 1.3855 0.0005 

Pre-Operative 
Platelet 

No REF      

 
Yes -0.0966 0.0345 0.9079 0.8486 0.9713 0.005 

Smoking 
Status 

Never REF      

 Prior -0.0147 0.0456 0.9854 0.9012 1.0776 0.7477 

 Current 0.0131 0.0475 1.0132 0.9232 1.1120 0.7828 

Race White REF      

 American Indian 
or Alaskan 

0.0164 0.1927 1.0165 0.6968 1.4829 0.9321 

 Asian 0.1424 0.1580 1.1530 0.8459 1.5716 0.3675 

 Black or African 
American 

0.1343 0.0412 1.1437 1.0549 1.2399 0.0011 

 Other 0.0080 0.0820 1.0080 0.8584 1.1837 0.9227 

TASC Grade A REF      

 B 0.1499 0.0504 1.1617 1.0522 1.2827 0.0031 

 C 0.2877 0.0512 1.3334 1.2059 1.4743 <.0001 

 D 0.2701 0.0673 1.3101 1.1481 1.4949 <.0001 

 Protect Adjacent 
Artery 

0.3444 0.0518 1.4112 1.2749 1.5620 <.0001 

Treatment Stent REF      

 Atherectomy -0.1082 0.0470 0.8974 0.8185 0.9840 0.0213 

 Combination 
Stent and 
Atherectomy 

-0.0835 0.0607 0.9199 0.8167 1.0361 0.1689 

Urgency Non-Urgent REF      

 Urgent -0.2966 0.0419 0.7433 0.6847 0.8070 <.0001 
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Table 19. (A2.4) - Subgroups for short-term MALE 

  Atherectomy Stent Combination Stent 

Atherectomy 

Subgroup n % n % n % 

Sex Female 2896 42.00 15475 43.26 1398 40.66 

Male 4000 58.00 20299 56.74 2040 59.34 

Above 80 No 5251 76.15 30195 84.40 2731 79.44 

Yes 1645 23.85 5579 15.60 707 20.56 

Urgency Non-Urgent 5891 85.43 30499 85.25 2948 85.75 

Urgent 1005 14.57 5275 14.75 490 14.25 

Number of 

Arteries 

Treated 

1 Artery 3575 51.84 16617 46.45 1359 39.53 

More than 1 
Artery 

3321 48.16 19157 53.55 20799 60.47 

Leg 

Symptoms 

Critical Limb 
Ischemia 

4173 60.51 16675 46.61 1727 50.23 

Claudication 2723 39.49 19099 53.39 1711 49.77 

Artery 

Type 

Femoropopliteal 5112 74.13 14483 40.48 2727 79.32 

Tibial 1643 23.83 884 2.47 186 5.47 
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Table 20. (A2.5) - Odd ratios for short-term MALE among subgroups 

  Odds Ratio 95% Confidence Limits P-Value 

Sex 

Female      

Treatment Stent REF    

 Atherectomy 1.33 1.06 1.68 .0137 

 Stent and Atherectomy 1.05 0.79 1.41 .7357 

Male      

Treatment Stent REF    

 Atherectomy 1.37 1.12 1.66 .0018 

 Stent and Atherectomy 0.85 0.65 1.11 .2425 

Age 

Under 80      

Treatment Stent REF    

 Atherectomy 1.34 1.12 1.60 .0011 

 Stent and Atherectomy 0.96 0.77 1.20 .7101 

Over 80      

Treatment Stent REF    

 Atherectomy 1.37 1.03 1.81 .0291 

 Stent and Atherectomy 0.84 0.57 1.27 .4189 

Urgency 

Non-Urgent      

Treatment Stent REF    

 Atherectomy 1.38 1.16 1.64 .0003 

 Stent and Atherectomy 0.95 0.75 1.20 .6640 

Urgent      

Treatment Stent REF    

 Atherectomy 1.35 1.01 1.81 .0420 

 Stent and Atherectomy 0.98 0.67 1.44 .9160 

Number of Arteries Treated 

1      

Treatment Stent REF    

 Atherectomy 1.92 1.39 2.66 <.0001 

 Stent and Atherectomy 1.42 0.89 2.27 .1425 
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Table 20. (A2.5) - Continued 

  Odds Ratio 95% Confidence Limits P-Value 

1 or more      

Treatment Stent REF    

 Atherectomy 1.22 1.03 1.44 .0222 

 Stent and Atherectomy 0.90 073 1.12 .3337 

Leg Symptoms 

Critical Limb Ischemia      

Treatment Stent REF    

 Atherectomy 1.26 1.06 1.50 .0073 

 Stent and Atherectomy 0.88 0.70 1.12 .3004 

Claudication      

Treatment Stent REF    

 Atherectomy 1.73 1.27 2.36 .0005 

 Stent and Atherectomy 1.15 .81 1.63 .4414 

Artery Type 

Femoropopliteal      

Treatment Stent REF    

 Atherectomy 1.18 0.99 1.42 .0681 

 Stent and Atherectomy 0.92 0.73 1.17 .5092 

Tibial      

Treatment Stent REF    

 Atherectomy 1.48 1.05 2.08 .0236 

 Stent and Atherectomy 0.57 0.27 1.20 .1375 
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Table 21. (A2.6) - Subgroups for long-term MALE 

  Atherectomy Stent Combination Stent 

Atherectomy 

Subgroup n % n % n % 

Sex Female 1430 42.36 9219 43.51 725 40.62 

Male 1946 57.64 11970 56.49 1060 59.83 

Above 80 No 2640 78.20 18096 85.40 1453 81.40 

Yes 736 21.80 3093 14.60 332 18.60 

Urgency Non-Urgent 2923 86.58 18453 87.09 1542 86.39 

Urgent 453 13.42 27.6 12.91 243 13.61 

Number of 

Arteries 

Treated 

1 Artery 1742 51.60 9866 46.56 700 39.22 

More than 1 
Artery 

1634 48.40 11323 53.44 1085 60.78 

Leg 

Symptoms 

Critical Limb 
Ischemia 

1951 57.79 9315 43.96 849 47.56 

Claudication 1425 42.21 11874 56.04 936 52.44 

Artery 

Type 

Femoropopliteal 2575 76.27 8781 41.44 1434 80.34 

Tibial 721 21.36 518 2.44 84 4.71 
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Table 22. (A2.7) - Hazard ratios for long-term MALE among subgroups 

  Hazard Ratio 95% Confidence Limits P-Value 

Sex 

Female      

Treatment Stent REF    

 Atherectomy 0.82 0.71 0.94 .0052 

 Stent and Atherectomy 0.88 0.73 1.05 .1626 

Male      

Treatment Stent REF    

 Atherectomy 0.96 0.85 1.08 .4996 

 Stent and Atherectomy 0.95 0.81 1.11 .5419 

Age 

Under 80      

Treatment Stent REF    

 Atherectomy 0.88 0.80 0.98 .0149 

 Stent and Atherectomy 0.92 0.81 1.04 .1806 

Over 80      

Treatment Stent REF    

 Atherectomy 0.97 0.78 1.21 .8179 

 Stent and Atherectomy 0.90 0.65 1.24 .5063 

Urgency 

Non-Urgent      

Treatment Stent REF    

 Atherectomy 0.87 0.79 0.97 .0101 

 Stent and Atherectomy 0.89 0.78 1.02 .0894 

Urgent      

Treatment Stent REF    

 Atherectomy 0.99 0.81 1.22 .9309 

 Stent and Atherectomy 1.03 0.80 1.33 .7828 

Number of Arteries Treated 

1      

Treatment Stent REF    

 Atherectomy 0.85 0.74 0.97 .0146 

 Stent and Atherectomy 0.91 0.76 1.09 .3178 
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Table 22. (A2.7) - Continued 

  Hazard Ratio 95% Confidence Limits P-Value 

1 or more      

Treatment Stent REF    

 Atherectomy 0.93 0.82 1.06 .2567 

 Stent and Atherectomy 0.91 0.78 1.07 .2668 

Leg Symptoms 

Critical Limb Ischemia      

Treatment Stent REF    

 Atherectomy .91 0.82 1.02 .1067 

 Stent and Atherectomy .97 .84 1.12 .6747 

Claudication      

Treatment Stent REF    

 Atherectomy .85 .72 0.99 .0480 

 Stent and Atherectomy .82 .66 1.00 .0505 

Artery Type 

Femoropopliteal      

Treatment Stent REF    

 Atherectomy .87 .79 .97 .0118 

 Stent and Atherectomy .92 .81 1.05 .2270 

Tibial      

Treatment Stent REF    

 Atherectomy .94 .76 1.18 .6075 

 Stent and Atherectomy .76 .48 1.21 .2477 
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Table 23. (A2.8) - Sensitivity Analysis: Adjusted odds ratio for short-term MALE 

and adjusted hazard ratios for long-term MALE using the LASSO variable 

selection method 

Parameter  Odds Ratio 95% Confidence Limits P-value 

Short-Term MALE 

Treatment Stent REF    

 Atherectomy 1.36 1.17 1.57 <.0001 

 Stent and 
Atherectomy 

0.94 0.77 1.14 .5044 

Parameter  Hazard Ratio 95% Confidence Limits P-value 

Long-term MALE 

Treatment Stent REF    

 Atherectomy 0.88 0.81 0.97 .0068 

 Stent and 
Atherectomy 

0.91 0.81 1.03 .1334 
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Table 24. (A2.9) - Sensitivity Analysis: Bias analysis for odds ratio for short-term 

MALE comparing stent and atherectomy 

 



199 

 

 

Table 25. (A2.10) - Sensitivity Analysis: Bias analysis for odds ratio for short-term 

MALE comparing stent and combination atherectomy and stent 
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Appendix III. Aim 3 

Table 26. (A3.1) - Sensitivity Analyses varying the probability cutoff of identifying 

an event  to .6 

Outcome: Major Adverse Limb Event 

 Generalized 

Linear 

Model 

LASSO 

Regularized 

Generalized 

Linear 

Model 

Gradient 

Boosted 

Decision 

Tree 

Random 

Forest 

Accuracy; (95% CI) .7685 
(0.7535, 
0.783) 

.7647 
(0.7496, 
0.7793) 

.7635 
(0.7483, 
0.7781) 

0.7547 
(0.7394, 
0.7695) 

NIR 0.74 0.74 0.74 0.74 

P-value 
[Accuracy>NIR] 

<.0001 <.0001 .0012 0.0297 

Kappa .2177 .1961 .1535 0.0978 

AUC .5837 .5746 .5557 0.5346 

Sensitivity .19880 .17831 .12289 0.07590 

Specificity .96867 .97079 .98857 0.99323 

Positive Predictive 
Value 

.69038 .68203 .79070 0.79747 

Negative Predictive 
Value 

.77481 .77076 .76232 0.75361 
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Table 26. (A3.1) - Continued 

Outcome: Mortality 

 Generalized 

Linear 

Model 

LASSO 

Regularized 

Generalized 

Linear 

Model 

Gradient 

Boosted 

Decision 

Tree 

Random 

Forest 

Accuracy; (95% CI) 0.833 
(0.8196, 
0.8458) 

0.834 
(0.8206, 
0.8467) 

0.7368 
(0.7487, 
0.7784) 

0.8224 
(0.8087, 
0.8355) 

NIR 0.8117 .8117 .8117 0.8117 

P-value 
[Accuracy>NIR] 

<.0001 <.0001 1 0.06387 

Kappa .2743 .2703 -.0399 .1049 

AUC .6032 .6006 .4852 .5340 

Sensitivity .23461 .22629 0.038270 0.07155 

Specificity .97183 .97491 0.932073 .99653 

Positive Predictive 
Value 

.65888 .67622 .115578 .82692 

Negative Predictive 
Value 

.84553 .84453 .86883 .8229 

*NIR= No Information Rate; AUC=Area Under the Curve 
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Figure 13. (A3.1) - ROC Curves for Major Adverse Limb Event Models 
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Figure 14. (A3.2) - Graphical Comparison of ROC, Sensitivity and Specificity, for 

the outcome Major Adverse Limb Event 
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Figure 15. (A3.3) -  Comparison of ROC curves, sensitivity, and Specificity for the 

outcome MALE 
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Figure 16. (A3.4) - ROC Curves for Mortality 
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Figure 17. (A3.5) - Graphical Comparison of ROC, Sensitivity and Specificity, for 

the outcome Mortality 
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Figure 18. (A3.6) - Comparison of ROC curves for the outcome Mortality 
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