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Abstract 

Purpose:  The goal is to evaluate effectiveness of a pre-procedural voiding protocol and post-

procedural urinary retention algorithm toward eliminating unnecessary indwelling catheter use 

and associated hematuria among patients undergoing atrial fibrillation ablation or transaortic 

catheter valve replacement. 

Methods:  This was a retrospective study of patients who underwent the aforementioned 

procedures under anesthesia care and the standard practice protocol for these procedures is the 

use of indwelling urinary catheters. In a single site high-volume ambulatory cardiac 

catheterization lab in Southwest Florida, a convenience sample of patients was studied over a 24- 

month period. Tools were designed for the data to be collected both pre and post-practice 

change.  De-identified data from the EMR was gathered and descriptive and Chi-square analysis 

was completed to determine if the practice change would lower the noninfectious complication 

rate. 

Results:  Study data included 1,287 participants. Prior to implementation, 5.5% of patients with 

indwelling catheters experienced hematuria. After implementation, 3.7% of post-practice 

participants required straight or indwelling catheter insertion according to the urinary retention 

algorithm. Among these, no instance of hematuria was reported.  

Discussion:  This study did find that patients could successfully undergo atrial fibrillation 

ablation or transaortic catheter valve replacement without the use of indwelling urinary catheters.  

This research demonstrated a decrease in catheter usage and noninfectious complications 

associated with the use of indwelling urinary catheters.  

Conclusions: As the length of procedures shorten related to technology and practitioner 

proficiency, indwelling urinary catheter use may become unnecessary.  A prospective study 

would be needed to assess for accuracy of documentation, as well as the needs to explore patient 

bladder capacity and post-operative urinary retention (POUR) to improve urinary retention 

algorithms for improved patient outcomes.  Nurses in ambulatory settings are uniquely poised to 

challenge long-standing practices toward eliminating complications and improving patient 

outcomes.   

 Major Professor:  Alicia Craig-Rodriguez, DNP, MBA, APRN, FNP-BC  
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 Healthcare-associated infections (HAI) account for 40% of hospital-acquired infections 

and have been linked to increased morbidity, mortality, and preventable costs (Buckley, 

Clements, & Hopper, 2015; Gokula et al., 2012; Krein & Saint, 2015; Olson-Sitki, Kirkbride & 

Forbes, 2015; Quinn, 2015; Schuur, Chamber, & Hou, 2014; Siddiq & Darouich, 2012). The 

most prevalent HAI is catheter-associated urinary tract infections (CAUTI) (Schuur, Chambers, 

& Hou, 2012). Additionally, the Centers for Medicare and Medicaid Services (CMS) and the 

federal Agency for Healthcare Research and Quality have identified catheter-associated urinary 

tract infections (CAUTI) as a “preventable patient safety event or never events” (Alexaitis & 

Broome, 2014; Conway & Larson, 2012; Gokula et al., 2013; Knudson, 2014; Mori, 2014; 

Olson-Sitki et al., 2015; Tominaga et al., 2014). The Joint Commission 2017 National Patient 

Safety Goal (NPSG) of  “preventable patient safety event or never event” is a non-

reimbursement for hospitals for treatment of CAUTI, as part of the “Pay-for-Performance 

measure” (Alexaitis & Broome, 2014; Cutright, 2011; Gokula et al., 2013; Justus, Wilfong, & 

Daniel, 2016; Olson-Sitki et al., 2015; Quinn, 2015; Ramanathan & Duane, 2014; The Joint 

Commission, 2017; Tominaga et al., 2014). National guidelines for prevention of hospital-

acquired infections such as CAUTI, or other noninfectious urinary catheter complications are 

best prevented by the elimination or decreased use of indwelling urinary catheters (The Joint 

Commission, 2017). The Centers for Disease Control and Prevention (CDC) has developed 

guidelines and recommendations for the use and placement of indwelling urinary catheters 

(CDC, 2009).  Some of the recommendations by the CDC (2009) for indwelling urinary catheter 

placement include the following:   

a. Hourly monitoring of critically ill patients with fluid status concerns 
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b. Ongoing monitoring of patients who are chemically paralyzed, or have neurogenic 

bladder dysfunction  

c. Acute urinary retention with or without bladder outlet obstruction; chronic urinary 

retention with bladder outlet obstruction 

d. Incontinence with stage III, IV, or unstable pressure ulcer  

e. Management of gross hematuria 

f. Urological studies or surgeries on contiguous structures of the genitourinary tract 

g. Anticipated prolonged surgery duration 

h. Anticipated large infusion volume or the use of diuretics during surgery 

i. If there is a need for intraoperative monitoring of urinary output. 

Inappropriate use includes: 

a. Inconvenience of incontinence 

b. The need for urinary sampling 

c. Standard practice, perceived workload, and safety concerns for falls or pressure ulcer 

prevention.   

  Patients undergo atrial fibrillation/cardiac ablation or minimalistic transcatheter aortic 

valve replacement (TAVR) procedures daily while under general anesthesia or moderate 

anesthesia sedation and the standard practice protocol for these procedures is the use of 

indwelling urinary catheters.  Anesthesia hemodynamic monitoring of fluid intake and output is 

used to ensure the stability of the patient, and standards require the use of an indwelling urinary 

catheter for accurate monitoring.  Customary practice for patients undergoing atrial fibrillation 

ablation procedures is uninterrupted use of anticoagulation medication, whereas the TAVR 

patient’s anticoagulants are usually held up to five days before the procedure.  The use of 
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anticoagulation medication increases the risks for noninfectious/hematuria complications due to 

risk of trauma during placement hematuria (Aaronson, Wu, Blaschko, McAninch & Garcia, 

2011; Hollingsworth et al., 2013; Jansen et al., 2012; Leuck et al., 2012).   

 Complications from indwelling urinary catheters are not limited to just urinary infections 

or CAUTI; there are also noninfectious or traumatic complications that can occur from 

placement of the indwelling urinary catheter. Some serious noninfectious complications include 

trauma, urethral stricture, false passage, and gross hematuria (Aaronson, Wu, Blaschko, 

McAninch & Garcia, 2011; Hollingsworth et al., 2013; Jansen et al., 2012; Leuck et al., 2012).   

A protocol of pre-procedural voiding and the use of bladder ultrasound scanning may be an 

alternative option for the population undergoing procedures, but there is a risk of postoperative 

urinary retention (POUR) (Baldini, Bagry, Aprikian, Carli, & Phil, 2009; Bjerregaard, Hornum, 

Troldborg, Bodoe, Bagi, & Kehlet, 2016; Chaube & Brahmachari, 2013).  

 To address the complications of  “preventable patient safety event or never events” 

related to indwelling catheters, practice teams have used evidence-based research and CDC 

recommendations to develop guidelines for urinary retention and an algorithm to guide practice 

decisions. One such algorithm (Appendix C) was developed in a hospital in Southwest Florida 

and implemented in February 2017.  In this practice location, past practice for handling urinary 

retention was based on physician orders and varied from department to department or unit 

practice.  This recent algorithm was designed by a group of quality control nurses and a Doctor 

of Nursing Practice student.  The algorithm was developed using current CDC recommendations, 

best practices of similar facilities, and evidence-based research for managing urinary retention.  

This practice change was implemented in the cardiac catheterization lab for the aforementioned 
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procedures and included the elimination of routine indwelling urinary catheter placement when 

using the urinary retention algorithm.  

Purpose of the Project 

 The purpose of the project was to evaluate the safety and effectiveness of a pre-

procedural voiding protocol and the use of a new urinary retention algorithm that eliminated the 

routine use of indwelling urinary catheters for patients undergoing atrial fibrillation ablations or 

transaortic catheter valve replacements. This elimination of the use of indwelling urinary 

catheters was implemented to help eliminate the risks of hematuria complications from 

indwelling catheter placement of this population of patients.  

The clinical question is:  

Does the use of pre-procedural voiding in conjunction with the hospital urinary retention 

algorithm assess a patient’s ability to tolerate an atrial fibrillation/cardiac ablation or minimalist 

TAVR procedure, without the use of an indwelling urinary catheter, to reduce noninfectious 

complications?  

The objectives of this project were to:  

1. Evaluate the effectiveness of using the urinary retention algorithm, in collaboration with 

pre-procedural voiding, in reducing the need for procedural urinary catheterization. 

2. Identify risk factors which may prevent avoidance of catheterization among patients 

including: 

a. postoperative urinary retention (POUR); and 

b. whether the use of diuretics, age, gender, type of anesthesia and medications used 

during procedure, prolonged procedural duration, or large procedural volume 
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correlate with the need for indwelling urinary catheter.   (identify risk factors that 

could lead to indwelling urinary catheter utilization) 

Review of Literature  

Background 

 Indwelling urinary catheter use has been a standard practice or protocol for many 

procedures by healthcare professionals, yet the rationale has not always been evidence-based.   

Standard protocol or practices employed by cardiologists and electrophysiologists for patients 

undergoing general anesthesia require bedrest status post procedure order and the use of an 

indwelling urinary catheter.  Adherence to these long standing protocols by cardiologists and 

electrophysiologists creates an impediment in the efforts to reduce the use of indwelling urinary 

catheters for general anesthesia procedures.  Current evidence reveals that 15 to 25 % of patients 

receive indwelling catheters during their hospitalization stay (Colli, Tojuola, Patterson, 

Ledbetter, & Wake, 2013; Leuck et al., 2012; Janzen et al., 2013).  Although noninfectious 

catheter complications have not garnered as much national attention as catheter- associated 

urinary tract infections (CAUTI), an appreciable number of patient safety concerns have been 

identified to warrant a closer look at this preventable complication (Aaronson, et al., 2011; 

Baldini, et al., 2009; Bjerregaard, et al., 2016; Chaube, et al., 2013; Hollingsworth et al., 2013; 

Jansen et al., 2012; Leuck et al., 2012). 

 The practice of indwelling urinary catheters utilization for these procedure was the 

original standard of care based on physician recommendations and orders, the length of  time for 

the procedures, the amount of infused fluid, the use of general anesthesia, and physician training 

and practice.  The aforementioned procedures have evolved in terms of decreased length of time 

for the procedure.  Current evidence supports a change in standard practice and the 
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implementation of hospital algorithm in order to decrease indwelling urinary catheter usage to 

decrease noninfectious and infectious complications associated with catheters use (Aaronson, et 

al., 2011; Baldini, et al., 2009; Bjerregaard, et al., 2016; Chaube, et al., 2013; Hollingsworth et 

al., 2013; Jansen et al., 2012; Leuck et al., 2012).  

 Noninfectious Complications.  In addition to causing unnecessary urinary tract 

infections, the use of indwelling urinary catheters may also result in noninfectious complications 

such as false passage, gross hematuria, urine leakage, pain, and traumatic injury resulting from 

accidental removal (Aaronson et al., 2011; Janzen et al., 2013; Leuck et al., 2012).  These 

complications increase the length of stay for patients, and ultimately increase the cost of 

treatment (Aaronson et al., 2011).  An increased incidence of noninfectious complications is 

related to the age of population with use of indwelling catheters (Aaronson et al., 2011).  There is 

limited evidence regarding noninfectious complications as compared to CAUTI, yet the available 

research provides compelling data to indicate the need to further explore the preventable 

complications related to indwelling urinary catheters. 

 Indwelling Catheter Reduction.  Although appropriate indications for the use of 

indwelling catheters include urinary retention, inappropriate usage continues simply for 

convenience (Krein, Kowalski, Harrod, Forman, Saint, 2013; Krein & Saint, 2015; Olson-Sitki, 

et al., 2015).  Many quality improvement projects, guidelines, models, and nurse-driven 

protocols have been developed in an effort to reduce the use of indwelling urinary catheters, 

which would decrease CAUTI rates, associated costs and length of stay (LOS) (Alexaitis and 

Broome, 2014; Buckley, Clements, & Hopper, 2015).  Alternative methods to indwelling 

catheter usage require education, nurse-driven protocols, stop-orders, and physician/nurse 

reminders to help decrease catheter usage (Alexaitis et al., 2014; Buckley et al., 2015; Krein & 
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Saint, 2015; Saint et al., 2015).  Reductions in urinary catheter project plans include criteria for 

bladder scanning and intermittent catheterization, as well as the use of condom catheters and 

external female urination devices (Alexaitis et al., 2013; Saint et al., 2006).  These protocols can 

improve patient outcomes with the support of organizational leadership and the clinical practice 

team, including physicians and nurses.  

 Post-Operative Urinary Retention (POUR).  Postoperative urinary retention (POUR) 

can be a serious complication of surgical procedures (Bjerregaard et al., 2016).  Patients at risk 

for developing POUR are identified by the lack of ability to void in the presence of a full 

bladder, which is approximately four to six hundred milliliters (Baldini, Bagry, Aprikian, & 

Carli, 2009; Saniela, Griebling, & Silverstein, 2009).   Medications during surgery can interfere 

with bladder function, which increases risk of POUR; these include anticholinergic agents, beta-

blockers, opioids, and analgesics (Baldini et al., 2009; Edmond, 2006; McLeod, Southerland, 

Bond, 2013).  To avoid complications related to general anesthesia and POUR, steps should be 

followed to ensure a decrease in potential risks. Patients should void prior to surgery, and 

postoperative patients should void or be catheterized eight to ten hours from their last void. 

Indwelling urinary catheters should only be used for procedures expected to last longer than 5-6 

hours based on the assumption that the patient will not be able to void one to two hours 

postoperatively (Pavlin, Pavlin, Gunn, Taraday, & Koerschgen, 1999).   

 Barriers.  There are many barriers to reducing urinary catheter use.  These include a lack 

of nurse and physician engagement (Krein, Kowalski, Harrod, Forman, Saint, 2013; Krein & 

Saint, 2015; Olson-Sitki, et al., 2015), family or patient request or insistence on catheter 

placement (Krein, Kowalski, Harrod, Forman, Saint, 2013; Olson-Sitki, et al., 2015), inconsistent 

catheter insertion practice (Dingwall & McLafferty, 2007; Krein, Kowalski, Harrod, Forman, 
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Saint, 2013; Olson-Sitki, et al., 2015), inappropriate catheter utilization (Krein, Kowalski, 

Harrod, Forman, Saint, 2013; Krein & Saint, 2015; Olson-Sitki, et al., 2015), and reluctance to 

change existing standard practice and procedures, culture, and habits (Krein, Kowalski, Harrod, 

Forman, Saint, 2013; Krein & Saint, 2015; Olson-Sitki, et al., 2015).  A knowledge gap 

regarding appropriate uses of indwelling urinary catheters is evident by both infectious and 

noninfectious complications documented (Dingwall & McLafferty, 2007; Krein, Kowalski, 

Harrod, Forman, Saint, 2013; Krein & Saint, 2015; Olson-Sitki, et al., 2015).  Reduction 

strategies are needed to decrease CAUTI and noninfectious complications, and education by the 

advanced practice nurse can have the most impact in the reduction of the use of indwelling 

catheters and appropriate catheterization usage.  Although research does support the need to 

decrease the usage of indwelling catheters, very few studies have addressed this need.  Overall, 

the evidence demonstrates the need for more research and for the implementation of a practice 

change aiming to reduce noninfectious complications related to indwelling urinary catheters in 

the patients undergoing defined under general anesthesia procedures (Aaronson, et al., 2011; 

Baldini, et al., 2009; Bjerregaard, et al., 2016; Chaube, et al., 2013; Hollingsworth et al., 2013; 

Jansen et al., 2012; Leuck et al., 2012).  

Conceptual and Theoretical Framework 

 Many conceptual and theoretical frameworks can be utilized for this quality improvement 

project. Kotter’s theory of change is a well-known eight-step plan for implementing change in 

practice (McEwen & Wills, 2011).  Quality improvement frameworks include Deming or Juran, 

where processes are used to maintain and improve quality (McEwen & Willis, 2011). Evidence-

based practice using the Iowa Model to promote excellence in health care is an excellent model 

to help identify a problem and evaluate evidence to create a practice change.  Donabedian’s 



FOLEY ELIMINATION INITIATIVE   11 

 

structure-process-outcome model is another conceptual framework that is frequently used in 

nursing quality improvement measures (Zaccagnini & White, 2014).  This was a quality 

improvement project designed to evaluate the practice change and effectiveness of pre-

procedural voiding and the use of a facility’s urinary retention algorithm for procedures that have 

utilized indwelling urinary catheters in the past based on routine practice rather than medical 

necessity.  A combination of Donabedian’s Conceptual Framework (Figure 1) and Kotter’s 

Theory (Figure 2) was utilized for practice change and quality improved outcomes.  When 

examining the core problem of the routine practice of indwelling urinary catheter use and its 

association with noninfectious complications, the central issue was a standard practice that did 

not have evidence-based research to support the continued practice.  When a proposed change in 

standard practice is supported by evidence-based data, these changes can be successfully 

implemented to align with the institution’s best practice and patient safety guidelines.  This first 

starts with creating a climate for change, engaging the organization and physicians, and finally 

implementing and sustaining the change of practice (McEwen & Wills, 2011).   

 

Figure 1 - Donabedian’s Structure-Process-Outcome Model – Conceptual Framework 

•Nurses-Driven Practice 
Change

•Physicians - buy-in

Structure

•Evaluation of Current 
Practice

•Use of EBP for Practice 
Change

•Barriers / Culture 

Process
•Improved Outcomes

•Decreased 
Complications with 
Nurse-Driven Practice 
Change

Outcome



FOLEY ELIMINATION INITIATIVE   12 

 

 

 

Figure 2 -  Kotter's Figure 1: Theory of Change – 8 step model 
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records during the post procedural change that eliminated the standard use of the indwelling 

urinary catheter.  

Sample 

 The sampling of patients included a retrospective chart review of the patients who 

underwent atrial fibrillation ablations or transcatheter aortic valve replacement (TAVR) 

procedures during a twenty-four month period in 2016-2018 at a single site location.  The study 

population consisted of two groups: (1) retrospective pre-practice implementation, and (2) 

retrospective post-practice implementation.  Hospital data coordinators received patient 

identification for the aforementioned procedures from the procedure charting system or the valve 

clinic coordinator who input data for national registries.  Aforementioned patients were 

identified by the data coordinators from the hospital who complete national registries.  These 

patient history numbers were given to the honest brokers/hospital staff for the period of the 

retrospective data collection.   

Setting 

 The retrospective data used in this study was retrieved from a cardiac catheterization 

laboratory in one hospital in the southwest region of Florida. This hospital is a non-profit, 

Magnet designated, teaching and research healthcare facility.  The unit/laboratory consists of 

fifteen prep/recovery bays, three cardiac catheterization labs, three electrophysiology labs, and a 

hybrid procedural room, which completes approximately 9,700 cases annually.  Procedures 

completed by the invasive cardiac catheterization laboratory include: cardiac catheterization; 

coronary intervention; 24-hour staffed ST-Elevation Myocardial Infarction (STEMI) program; 

peripheral intervention; TAVR/mitral clip; transesophageal echocardiogram; cardioversion; 

electrophysiology study and ablations: atrial fibrillation, atrial flutter, ventricular tachycardia, 
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supraventricular tachycardia, antrioventricular node; and cardiac implants: injectable loop 

recorders, pacemakers, and automatic implantable cardioverter-defibrillator.  

Instruments 

 Data Collection Tools – Retrospective Pre-Practice Change. The retrospective data for 

the previous twenty-four months was retrieved from the electronic medical record (EMR) by 

honest brokers (designated hospital staff who completed the data extraction). The data collected 

during this concurrent project included: de-identified patient numbers, basic patient 

demographics – age and gender, indwelling urinary catheter placement, urine color and quality, 

type of procedure, length of procedure, type of anesthesia and medication administered during 

procedure, the use of diuretics, and any blood thinning products at home or during the case 

(Appendix A).   

 Data Collection Tools – Retrospective Post-Practice Change. The retrospective post-

practice change data was retrieved from the electronic medical record (EMR) by hospital staff. 

The data collected during this project included: de-identified patient numbers, basic patient 

demographics such as age and gender, type of procedure, length of procedure, type of anesthesia 

and medication administered during procedure, the use of diuretics, and any blood thinning 

products at home or during the case, void post procedure or implantation of urinary retention 

algorithm (use of bladder scanner, use of straight catheter, or placement of indwelling urinary 

catheter) (Appendix B).   

 Urinary Retention Algorithm.  Hospital-approved standard urinary retention algorithm 

(Appendix C) was used in the data collection to stratify sampling for additional aims and 

analysis of the independent variables during this project.  Current staff had received competency 

training of the use of the current urinary retention algorithm as provided by the hospital.  
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Procedure 

Retrospective Chart Review 

 This included a retrospective chart review in the electronic medical record (EHR) of 

patients who underwent atrial fibrillation ablation or TAVR procedure during a twenty-four 

month period from a single site location.  The data was obtained from the EMR by honest 

brokers/hospital staff that provided de-identified data to the Principal Investigator (PI) to be used 

for data analysis.  The chart reviewers collected specific data as requested (Appendix A, B).  

Charts selected from the electronic health records (EHRs) for the aforementioned procedures 

were identified by the hospital data coordinators who complete national data registries, and 

provided a convenience sampling of all available charts with the appropriate procedures were 

selected to facilitate the chart review from the twenty-four month period.   

Data collection for Retrospective pre-practice change included: 

a. Demographics: Gender, Age 

b. Procedure type and length/time of procedure time 

c. Type of anesthesia used (general or moderate anesthesia care (MAC) 

d. Amount of intravenous fluid infused 

e. Use of diuretics on procedural day: pre-procedure (at home or in pre-op) 

or intra-procedure (during procedure) 

f. Anti-coagulation type and usage (used on day of procedure or last dose 

received in the pre-operative period) – pre-operative & intra-operative 

g. Indwelling catheter output  

h. Indwelling complication noted for hematuria (blood in urine) 

i. Color 
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j. Insertion issues 

k. Consult to Urology (pre-operative or post-operatively) 

 Data collection for Retrospective post-practice change included: 

a. Demographics: Gender, Age 

b. Procedure type and length/time of procedure time 

c. Type of anesthesia used (general or moderate anesthesia care (MAC)) 

d. Amount of intravenous fluid infused 

e. Use of diuretics on procedural day: pre-procedure (at home or in pre-op) 

or intra-procedure (during procedure) 

f. Anti-coagulation type and usage (used on day of procedure or last dose 

received in the pre-operative period) – pre-operative & intra-operative 

g. Patient able to void on own post procedure 

h. Initiation of Urinary Retention Algorithm 

i. Use of straight catheter or indwelling urinary catheter 

j. Complication noted for hematuria (blood in urine) 

 The project honest brokers/hospital staff were selected by the PI and approved by the 

leadership of the department.  The hospital staff accessed the EMR and retrieved the patients 

from the provided list of aforementioned patients.  The patients were then given a project 

identification number to be used in the project and placed the unique project number on the data 

collection sheet.  The project number was also placed on the hospital patient list; this hospital list 

was not provided to the PI of the project.  The staff utilized the EMR for the collecting of the 

requested data.  Collected data was retrieved through the documents tab in the hospital EMR and 

in the scan documents tab for the paper charting from the procedure by the nursing staff.  The 
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data collected was placed on the Institutional Review Board (IRB) approved data collection 

sheets (Appendix A, B).   

Approvals 

 Institutional Review Board approval was received from the project facility and Florida 

State University, prior to the initiation of the practice evaluation/quality improvement project.  

This project was also reviewed by the facility’s Nursing Research and Evidence-Based Practice 

Council prior to submission and approval by facility’s IRB. 

Protection of Human Subjects 

 The data collection sheets were given a unique, de-identifiable number that correlated 

with the patient’s hospital identifiers and were kept separately from patient records.  The de-

identified data sheets were given to the PI from the honest brokers/hospital staff after 

completion.  All patient health information was de-identified and protected by a unique code on 

all project documents.  The information was recorded in a manner wherein the patients could not 

be identified, directly or through identifiers linked to the patient.  All collected data related to 

this project remained under lock and key in the PI office for the duration of the evaluation.  The 

PI was the only individual having access to the locked documents and the data analysis was 

completed on a private, locked and password protected computer.  

Approved Tools.  The Principal Investigator (PI) conducted training session for the staff on the 

IRB approved data collection sheets (Appendix A, B), the hospital approved urinary retention 

algorithm (Appendix C), and the Health Insurance Portability and Accountability Act (HIPAA) 

compliance by completing Healthstream training on Patient Privacy and Data Security within the 

last 12 months of the project.  

Data Collection and Analysis 
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 Retrospective chart review was conducted from a twenty-four month period at a single 

hospital location from July 2016 – June 2018. Each patient record was digitally recorded 

verbatim from data collection tools.  The data was obtained by the honest brokers/hospital staff 

through EMR access to both the documentation tab and scan doc tab. The demographic 

information and other similar data point collected consistently for both group included: patient’s 

age, gender, procedure type, diuretic use day of the procedure, anti-coagulation medication 

(name, dose, last dose taken), intravenous volume infused, duration of procedure (start and stop 

time), anesthesia type (general or moderate anesthesia care (MAC), and intravenous agents used 

during the case (propofol, beta-blocker, fentanyl, diuretic, morphine, pepcid, dilaudid, heparin, 

anticholinergic/atropine, protamine, isopril).  In the pre-practice change group, additional data 

collected included: indwelling urinary catheter placed by (nurse, urologist), consult of urologist, 

number of attempts during placement of the indwelling urinary catheter, Foley catheter size, and 

urinary output. Additionally, in the pre-practice group data collection included the color and 

characteristic of the urine at different intervals of the patient’s procedure: pre-operative, intra-

operative, and post-operative, these descriptive data points were consistent to the EMR 

characteristics. Supplemented from the pre-practice change to the post-practice implementation 

group included: pre-operative voiding; ability to void post-operatively; urinary retention 

algorithm implementation in recovery or on the floor; implementation of either an indwelling 

urinary catheter or straight catheter; color and characteristics of the urine after use of a catheter; 

who placed the catheter, size of catheter; and if an urologist consult was needed.   

 Data was originally entered into Microsoft Excel and was transferred for analyses using 

Statistical Package for the Social Sciences (SPSS).  Descriptive analyses were calculated for all 

the chart-reviewed variables and some were reported in percentages.  A Pearson’s Chi-Square 
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was used to show a statistical significance with a positive outcome for the practice change 

population.  The P-value of 0.05 was used to determine statistical significance.  

 Data quality checks were performed for the retrospective chart reviews and included a 

random selection of records by the department’s team lead, who compared approximately 7-10% 

of the EMRs to the data collection sheets for accuracy of the data collection team.  Additionally, 

after the data was entered into Microsoft Excel it was reviewed for complete and accurate input 

of all data points.   

Findings/Results 

Demographic Data 

 The data collected for the defined twenty-four month period obtained a total of 1,287 

(n=1,287) patient charts during the retrospective review.  Of the 1,287 records, there were 830 

patients (64.5%) in the pre-practice implementation group and 457 patients (35.5%) in the post-

practice implementation group (Table 1A).  Of the 830 patients in the pre-practice change, 206 

(24.8%) were Atrial Fibrillation Cryotherapy Ablations; 566 (68.2%) were Atrial Fibrillation 

Radiofrequency Ablations; 10 (1.2%) were MAC TAVRs; and 48 (5.8%) were General 

Anesthesia TAVRs.  In comparison to post-practice change (457), 54 (11.8%) were Atrial 

Fibrillation Cryotherapy; 78 (17.1%) were Atrial Fibrillation Radiofrequency Ablations; 298 

(65.2%) were MAC TAVRs; and 27 (5.9%) were General Anesthesia TAVRs (Table 2B).    

 The gender demographic totals were 748 (58.1%) males as compared to 539 (41.9%) 

females in the total combined groups of n=1,287 patients (Table 2A; Figure 3).  Additionally, 

comparing the groups and gender, the pre-practice change (n=830) included 461 (55.5%) males 

and 369 (44.5%) females; the post-practice change (n=457) included 287 (62.8%) males and 170 

(37.2%) females (Table 2B; Figure 4).   
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Figure 3 – Gender Total – Pre & Post Practice Change 

 

 

Figure 4 - Gender Distribution by Group 

 The age distribution among the total aforementioned procedures and groups ranges from 

24 to 94, with the mean age of 73.03 (SD=10.448) (Figure 4; Table 3A, 3B, 3C).  The majority 

of the procedures performed were in individuals between the ages of 61 and 90 years (Table 3A).   

The pre-practice implementation age range was from 28 to 93, with a mean age of 70.01 

(SD=9.675), and the post-practice implementation age range was 24 to 94, with a mean age 

range of 78.62 (SD=9.468) (Table 3B, 3D).   
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Figure 5 Total Demographics by Age Range 

 

 

Figure 6 Age Range Demographics by Group  

Post-Practice Change Data – Usage of Algorithm / Catheter Utilized  

 Of the 457 patients in the post-practice implementation group, 440 (96.3%) did not need 

intervention and 17 (3.7 %) required the use of the urinary retention algorithm and 

catheterization (Figure 7, Table 4).  Those who required catheterization included 1 (5.9%) 
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cryotherapy atrial fibrillation ablation patient, 4 (23.5%) radiofrequency atrial fibrillation 

ablation patients, 10 (58.8%) MAC TAVR patients, and 2 (11.8%) general anesthesia TAVR 

patients (Table 5).  When comparing the type of catheter used for the intervention, data revealed 

that 10 patients received a straight catheter and 7 patients had indwelling catheters placed as a 

result of the hospital algorithm (Figure 8; Table 5, 6).    

 

Figure 7 – Complications & Urinary Catheter Usage 
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 The post practice change gender data demonstrated that of the patients who required the 

use of  the algorithm and intervention with  either a straight or indwelling catheter, 10 (59%) 

were females and 7 (41%) were males (Figure 9; Table 6 & 7A).  Distribution of the age range in 

these 17 patients revealed 1 (5.9%) in the 41-50 age range; 2 (11.8%) were in the 61-70 age 

range; 7 (41.2) were in the 71-80 age range; 6 (35.3%) were in the 81-90 age range; and 1 (5.9%) 

in the 91-100 age range (Figure 10, Table 6 & 7B).  Additionally, comparing the gender and age, 

data demonstrated that the 7 males range in ages from 72 to 85, with a mean age of 76.43, 

whereas the 10 females range in ages from 48 to 92 with a mean age of 77.40 (Table 3D).  

Comparing the length of cases in this group showed that 4 (23.5%) of cases were less than 60 

minutes long; 7 (41.2%) were in the range of 61-90 minutes; 4 (23.5%) were between 91-120 

minutes; 1 (5.9%) was between 151-180 minutes; and 1 (5.9%) was between 181-210 minutes 

(Table7C).  Finally, when assessing the fluid volume input of these 17 patients, the infusions 

range from 400mL to 1000mL, with a mean of 717.647 (SD=194.4071) (Table 7D).   

 

Figure 9 Post-Practice Change Need for Catheter by Gender 
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Figure 10 Age Range of Catheter Use 

Data Analysis and Discussion 

 The purpose of the project was to evaluate the safety and effectiveness of a pre-

procedural voiding protocol and the use of a new urinary retention algorithm to eliminate the 
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hematuria based upon the results of this practice change evaluation.  The data revealed with the 

post-procedural practice change and the implementing of pre-procedural voiding in conjunction 

with the utilization of the hospital algorithm, only 17 patients required either a straight or 

indwelling urinary catheter with zero reports of hematuria.   

 When examining the variables of the data collected to identify risk factors which may 

increase risk of POUR and result in urinary catheter placement or increased risk of hematuria; 

the data had no common identifiable trends for risk factors among the patient data collect for the 

any increase risks (Table 6).  One possible explanation to this could be that the MAC patients are 

more awake post-operative as compare to patients who undergo general anesthesia.  The variable 

data revealed that more females as compared to males required intervention as well as the MAC 

TAVRs (Figure 8; Table 7A).  Another possible explanation could be the patients are required to 

be on bed rest post-practice and females may have difficulty using a female urinal while 

remaining flat.   

     Noninfectious complications from indwelling catheters as a result of insertion or 

trauma were not reported after the implementation of pre-procedural voiding and the use of the 

hospital algorithm. The negative impact of noninfectious complications on patients prior to the 

practice change and based on the CDC guidelines, influenced the implementation of the 

elimination of the standard practice of placing indwelling catheters unnecessarily.  The focus of 

this study was on the post-practice practice change success rate, and the decrease of non-

infectious complications.  Results of this practice change demonstrate a positive effect on the 

reduction of use of indwelling urinary catheters and the decrease of complications.    

Project Limitation and Suggestions for Improvement 
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 There were a number of limitations for this project.  First, this project was conducted at a 

single location and only targeted patients who had undergone atrial fibrillation ablation or 

TAVRs were included in the study.  Second, this project utilized a convenience sample from a 

single hospital, which can be a limitation due to demographics.  Additionally, the inclusive dates 

were not equal; therefore more patients were in the pre-practice change group as compared to the 

post-practice change group.  The retrospective chart review included twenty-four months, and 

the practice changes were implemented in the last 7 months of the inclusive dates.  Finally, 

accuracy of data collection based on chart reviews varied between EMR documentation and 

personnel documentation in the EMR; this was the largest area of discrepancy found in the 

patient charts.  Suggestions for improvement in the study would be to have a more succinct and 

objective description of the variables being documented in the EMR.  One risk with too many 

variables with the description of urinary color and characteristics is that it involves a subjective 

perception by nurses, as well as the timing of EMR documentation.  

Future Implications  

 Research.   The use of indwelling urinary catheters has been utilized as part of standard 

of care for patients having a cardiac ablation or TAVR procedures.  The infectious and 

noninfectious complications related to indwelling catheters have been studied extensively and 

suggest that the reduction in use does decrease complications of indwelling urinary catheters 

(Aaronson et al., 2011).  Results of this study cannot be generalized due to the small number of 

patients who required intervention post-practice change with the urinary retention algorithm; for 

this reason, more randomized clinical trials should be performed to examine the practices of pre-

procedural voiding as compared to the use of indwelling urinary catheters.  Additionally, bladder 

capacity of patients may need to be evaluated to ensure that the urinary retention algorithms are 
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best practice for volume and interventions.  Finally, accuracy of data reported can help improve 

study result outcomes.   

 Education and Practice.  With additional research that supports the elimination of 

indwelling urinary catheters, more appropriate utilization will be seen in the future.  Promotion 

of many nurse-driven protocols will continue to reduce the use of urinary catheters, which will 

continue to decrease CAUTI rates, decrease LOS and its associated costs (Alexaitis and Broome, 

2014; Buckley, Clements, & Hopper, 2015).  As alternative methods for voiding become more 

available and nurse-driven practice changes increase in dissemination, the result will be fewer 

inappropriate catheter placements and better patient outcomes (Alexaitis et al., 2014; Buckley et 

al., 2015; Krein & Saint, 2015; Saint et al., 2015).  Barriers continue to impede complete 

reduction in usage, but with the addition of protocols, education, and support by nurses and 

physicians, patient outcomes will be improved.  

Conclusion 

 Based on the CDC recommendations, this DNP project was initiated and implemented to 

determine whether the nurse driven change would improve patient outcomes and decrease risks 

of hematuria.  This practice change was successful in improving noninfectious complications and 

decreased the usage of indwelling urinary catheters on the aforementioned procedures.  The 

results of this study demonstrate statistically significant reductions in noninfectious 

complications with no reported hematuria during the study post-practice change implementation.  

There was a decrease in complication rate of indwelling urinary catheter and the use of a nurse-

developed hospital urinary retention algorithm.   

Indwelling urinary catheters, for decades, have been the standard practice for many 

procedures.  As evidence-based guidelines and streamlined procedures evolve over time, new 
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best practices must drive the elimination of unnecessary and outdated practices.  Nurses can lead 

positive changes in their practice areas by implementing evidence-based quality improvement 

projects or protocols to improve quality and patient outcomes.      
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Appendix A 

Data Collection Tool – Retrospective Pre-Practice Change 

Project patient ID:      

Demographic Data: Age:  Gender: Male (1) Female (2) 

 

Procedure type: AFIB Cryotherapy 

Ablation (1) 

Radiofrequency 

Atrial Ablation (3) 

Minimalistic (MAC) 

TAVR (2) 

General TAVR (4) 

 

Day of procedure diuretic use pre-op/at home:   Yes (1)      No (2) 

 

Anti-coagulation medication:  Dose:  Last dose date:  

 

Pre-op: 

 

Indwelling Urinary Catheter Placed by: Nurse (1) Urologist (2)      # of attempt by nurse:________ 

  

Foley Cath Size: 12Fr (1) 14Fr (2) 16Fr (3) 18Fr (4) 
 Consult 

Urologist: 

Yes (1) No (2) 

 

Color of Urine: 
  Clear (1)   Yellow (2)   Amber (3)   Bloody (4)   Brown (5)   Orange (6) 

  Cherry-colored (7)   Pink (8)   Pink-tinged (9)   Red (10)   Straw-colored (11)   Tea-colored (12) 

 

Urine Character: 
Clear (1)      Bloody (2)      Clots Present (3)      

Cloudy (4)      Concentrated (5)      Sediment Present (6) 

   

 

Intra-procedure/Post-op: 

 

IV volume infused (pre-op to in-time to recovery): mL 

 
Type of anesthesia: General (1) MAC (2) 
 

Intravenous 

agents used 

during 

procedure: 

Propofol (1) Fentanyl (2)    Morphine (3) Dilaudid (4) Anticholinergic 

(Atropine) (5)   
Isopril (6) 

Beta-Blocker (7)

  
Diuretic (8) Pepcid (9) Heparin (10) Protamine (11)  

 

Duration of procedure (time from case start to end): Start:  End:  
 

Output from indwelling urinary catheter (mL): mL 
 

Color of Urine: 
  Clear (1)   Yellow (2)   Amber (3)   Bloody (4)   Brown (5)   Orange (6) 

  Cherry-colored (7)   Pink (8)   Pink-tinged (9)   Red (10)   Straw-colored (11)   Tea-colored (12) 

   

Urine Character: 
Clear (1)      Bloody (2)      Clots Present (3)      

Cloudy (4)      Concentrated (5)      Sediment Present (6) 
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Appendix B 

Data Collection Tool – Retrospective Post-Practice Change 

Project patient ID:      

Demographic Data: Age:  Gender: Male (1) Female (2) 

 

Procedure type: AFIB Cryotherapy 

Ablation (1) 

Radiofrequency 

Atrial Ablation (3) 

Minimalistic (MAC) 

TAVR (2) 

General TAVR (4) 

 

Day of procedure diuretic use pre-op/at home:   Yes (1)      No (2) 

 

Anti-coagulation medication:  Dose:  Last dose date:  

 

Pre-op: 

 

   

Intra-procedure: 

 

IV volume infused (pre-op to in-time to recovery): mL 

 
Type of anesthesia: General (1) MAC (2) 
 

Intravenous 

agents used 

during 

procedure: 

Propofol (1) Fentanyl (2)    Morphine (3) Dilaudid (4) Anticholinergic 

(Atropine) (5)   
Isopril (6) 

Beta-Blocker (7)

  

Diuretic (8) Pepcid (9) Heparin (10) Protamine (11)  

 

Duration of procedure (time from case start to end): Start:  End:  
 

Post-op: 

Able to void on own in recovery:   Yes (1)      No (2) 

 
Urinary Retention algorithm implemented in recovery: Yes (1) No (2) 
Urinary Retention algorithm implemented on floor: Yes (1) No (2) 
Recovery or Floor:   Straight Cath (1) Foley cath placement (2) 

 

 

 

  
 

Patient voided prior to procedure:   Yes (1)      No (2) 

Color of Urine: 
  Clear (1)   Yellow (2)   Amber (3)   Bloody (4)   Brown (5)   Orange (6) 

  Cherry-colored (7)   Pink (8)   Pink-tinged (9)   Red (10)   Straw-colored (11)   Tea-colored (12) 

Urine Character: 
Clear (1)      Bloody (2)      Clots Present (3)      

Cloudy (4)      Concentrated (5)      Sediment Present (6) 

Indwelling Urinary Catheter Placed by: Nurse (1) Urologist (2)      # of attempt by nurse:________ 

Foley Cath Size: 12Fr (1) 14Fr (2) 16Fr (3) 18Fr (4) 
 Consult 

Urologist: 

Yes (1) No (2) 
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Appendix C 

Facility Urine Retention Algorithm 
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Table 1A 

Total Demographics of Participants – Pre & Post Practice Change n=1,287 

  

Frequency      

n= 
Percent 

Pre-Practice Change 830 64.5% 

Post-Practice Change 457 35.5% 

Total 1287   

 

Table 1B  

Demographics of Participants by Procedure – Pre & Post Practice Change n=1,287 

  

Cryo 

Ablation     

n = 

Cryo 

% 

RF 

Ablation      

n = 

RF   

% 

MAC 

TAVR       

n = 

MAC 

% 

Gen 

TAVR        

n =  

Gen 

% 

Total 

Patients      

n = 

Pre-

Practice 

Change 

206 24.8% 566 68.2% 10 1.2% 48 5.8% 830 

Post-

Practice 

Change 

54 11.8% 78 17.1% 298 65.2% 27 5.9% 457 

Total 260   644   308   75   1,287 
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Table 2A 

Total Gender Demographics of Participants – Pre & Post Practice Change n=1,287 

  

Gender    

n= 
 Gender % 

Pre-Practice Change 830   

Male 461 55.5% 

Female 369 44.5% 

Post-Practice Change 457   

Male 287 62.8% 

Female 170 37.2% 

Total Male 748 58.1% 

Total Female 539 41.9% 

 

Table 2B  

Gender Demographics of Participants by Group & Procedure n=1,287 

  

Cryo 

Ablation     

n = 

Cryo 

% 

RF 

Ablation      

n = 

RF   

% 

MAC 

TAVR       

n = 

MAC 

% 

Gen 

TAVR        

n =  

Gen 

% 

Total 

Patien

ts      

n = 

Pre-

Practice 

Change 

206 24.8% 566 68.2% 10 1.2 48 5.8 830 

Male 107 23.2% 321 69.6% 7 1.5% 26 5.6% 461 

Female 99 26.8% 245 66.4% 3 0.8% 22 6% 369 

Post-

Practice 

Change 

54 11.8% 78 29.8% 298 65.2% 27 5.9% 457 

Male 28 9.8% 46 16% 191 66.6% 22 7.7% 287 

Female 26 15.3% 32 18.8% 107 62.9% 5 2.9% 170 

Total 260 20.2% 644 50%  308  23.9% 75  5.8% 1,287 
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Table 3A  

Age Demographics of Participants N=1,287 

  

Cryo 

Ablation     

n = 

Cryo 

% 

RF 

Ablation      

n = 

RF   

% 

MAC 

TAVR       

n = 

MAC 

% 

Gen 

TAVR        

n =  

Gen 

% 

Total 

Patients      

n = 

Pre-

Practice 

Change 

206   566   10   48   830 

  2 1.0% 1 0.2% 0 0.0% 0 0.0% 3 

31-40 3 1.5% 0 0.0% 0 0.0% 0 0.0% 3 

41-50 9 4.4% 17 3.0% 0 0.0% 0 0.0% 26 

51-60 31 15.0% 68 12.0% 0 0.0% 0 0.0% 99 

61-70 66 32.0% 179 31.6% 0 0.0% 9 18.8% 254 

71-80 84 40.8% 258 45.6% 4 40.0% 14 29.2% 360 

81-90 11 5.3% 43 7.6% 5 50.0% 22 45.8% 81 

91-100 0 0.0% 0 0.0% 1 10.0% 3 6.3% 4 

Post-

Practice 

Change 

54   78   298   27   457 

21-30 0 0.0% 1 1.3% 0 0.0% 0 0.0% 1 

31-40 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 

41-50 0 0.0% 4 5.1% 0 0.0% 0 0.0% 4 

51-60 10 18.5% 5 6.4% 0 0.0% 0 0.0% 15 

61-70 22 40.7% 28 35.9% 18 6.0% 0 0.0% 68 

71-80 20 37.0% 29 37.2% 84 28.2% 14 51.9% 147 

81-90 2 3.7% 11 14.1% 167 56.0% 11 40,7% 191 

91-100 0 0.0% 0 0.0% 29 9.7% 2 7.4% 31 

Total 260   644   308   75   1,287 
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Table 3B 

Age Range Demographics of Participants by Group N=1,287 

  

Pre-Practice 

Change 
Pre % 

Post-

Practice 

Change 

Post % 
Total 

Patients 

Total 

Patient % 

Age Range 
830   457    1,287   

21-20 3 0.4% 1 0.2% 4 0.3% 

31-40 3 0.4% 0 0.0% 3 0.2% 

41-50 26 3.1% 4 0.9% 30 2.3% 

51-60 99 11.9% 15 3.3% 114 8.9% 

61-70 254 30.6% 68 14.9% 332 25.0% 

71-80 360 43.4% 147 32.2% 507 39.4% 

81-90 81 9.8% 191 41.9% 272 21.1% 

91-100 4 0.5% 31 6.8% 35 2.7% 

 

Table 3C 

Age Demographics Mean of Participants    

 

N Minimum Maximum Mean 

Std. 

Deviation 

Age 1,287 24 94 73.07 10.448 

 

Table 3D 

Age Demographics Mean of Participants in each Group 

 

n Minimum Maximum Mean Std. Deviation 

Pre-Practice 

Change Age 830 28 93 70.01 9.675 

Post-Practice 

Change Age 457 24 94 78.63 9.468 

Post-Practice 

Need Cath - 

Male 7 72 85 76.43 4.541 

Post-Practice –
Need Cath - 

Female 10 48 92 77.40 12.791 
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Table 4 

Complications and Need for Catheter 

  
Complications 

% 

Complications 
Need for Catheter 

% Need for 

Catheter 

Pre-Practice 

Change 
        

Yes 46 5.5% 830 100.0% 

No 784 94.5% 0 0.0% 

Post-Practice 

Change         

Yes 0 0.0% 17 3.7% 

No 457 100.0% 440 96.3% 

 

 

Table 5 

Comparing Procedure to Need of Cath and Type of Cath Post-Practice Change 

  

AF 

Cryo 

Abl 

Cryo 

% 

AF RF 

Abl 
RF % 

MAC 

TAVR 

MAC 

% 

Gen 

TAVR 
Gen % 

Need for Cath 

Post-Practice 

Change 

1 5.9% 4 23.5% 10 58.8% 2 11.8% 

Straight 

Catheter 

0 0% 3 30% 5 50% 2 20% 

Indwelling 

Catheter 

1 14.3% 1 14.3% 5 71.4% 0 0% 



Running head: ELIMINATION OF FOLEY CATHERS 
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C
a

th
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2 1 74 7 2 1000 1 1 1 2 2 1 2 2 2 1 1 1 104 111 111 111 1 1 1 

4 1 78 7 2 400 1 1 2 2 2 2 2 2 2 2 1 1 65 2 1 2 1 1 1 

4 1 78 7 2 400 1 1 2 2 2 2 2 2 2 2 1 1 65 1 111 2 1 1 1 

3 1 85 8 2 700 2 2 2 2 2 2 2 2 2 2 1 1 105 111 111 111 1 2 1 

3 1 72 7 2 800 2 2 2 2 2 2 2 2 2 2 1 1 57 1 1 2 1 1 2 

3 1 76 7 2 600 2 2 2 2 2 2 2 2 2 2 1 1 49 2 5 2 1 2 2 

3 1 72 7 2 800 2 2 2 2 2 2 2 2 2 2 1 1 57 1 1 2 1 1 2 

2 2 70 6 2 600 1 1 1 2 2 2 2 2 2 1 1 1 95 2 1 2 1 1 1 

2 2 48 4 2 500 2 1 1 2 2 2 2 2 2 2 1 1 94 1 1 2 1 1 1 

3 2 82 8 2 900 2 2 2 2 2 2 2 2 2 2 1 1 87 2 1 2 1 1 1 

3 2 83 8 2 700 2 2 2 2 2 2 2 2 2 2 1 1 61 1 1 2 1 1 1 

3 2 82 8 2 900 2 2 2 2 2 2 2 2 2 2 1 1 52 111 111 111 1 1 1 

3 2 83 8 1 700 2 2 2 2 2 2 2 2 2 2 1 1 61 111 111 111 1 1 1 

2 2 75 7 2 900 1 1 1 2 2 2 2 2 2 1 1 1 153 2 1 2 1 1 2 

1 2 69 6 2 800 1 1 2 1 2 2 2 2 2 2 1 1 82 2 1 2 1 2 2 

3 2 90 8 2 1000 2 2 2 2 2 2 2 2 2 2 1 1 89 1 1 2 1 1 2 

3 2 92 9 2 500 2 2 2 2 2 2 2 2 2 2 1 2 188 2 1 2 1 2 2 

 

KEY 

Gender: 1=Male; 2=Female 

Procedure: 1=AF Cryo; 2=AF RF; 3=MAC TAVR; 4=Gen TAVR 

Diuretics: 1=Yes; 2=No 

Anesthesia: 1=General; 2=MAC 

"Medications"_Given: 1=Yes; 2=No 

Post Color: 1=Clear; 2=Yellow; 111=No Data Available 

Post Character: 1=Clear; 5=Concentrated; 111=No Data Available 

Complication: 2=No; 111=No Data Available 

Void Prior: 1=Yes; 2=No 

Initiation of Algorithm: 1=Recovery; 2=Floor 

Cath Type: 1=Straight Catheter; 2=Indwelling Catheter 

Age Group: 4=41-50; 6=61-70; 7=71-80; 8=81-90; 9=91-100 
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Table 7A 

Aim 2b Data – Comparing Procedure to Gender 

  Male Male % Female 
Female 

% 

AF Cryo Abl 0 0% 1 100% 

AF RF Abl 1 25% 3 75% 

MAC TAVR 4 40% 6 60% 

Gen TAVR 2 100% 0 0% 

Total Cases 7 41% 10 59% 

Table 7B 

Aim 2b Data – Comparing Procedure to Age Range 

  
41-

50 
41-50% 

61-

70 
61-70% 

71-

80 
71-80% 

81-

90 
81-90% 

91-

100 

91-

100% 

AF Cryo 

Abl 
0 0.0% 1 100.0% 0 0.0% 0 0.0% 0 0.0% 

AF RF Abl 1 25.0% 1 25.0% 2 50.0% 0 0.0% 0 0.0% 

MAC 

TAVR 
0 0.0% 0 0.0% 3 30.0% 6 60.0% 1 10.0% 

Gen TAVR 0 0.0% 0 0.0% 2 100.0% 0 0.0% 0 0.0% 

Total Cases 1 5.9% 2 11.8% 7 41.2% 6 35.3% 1 5.9% 

Table 7C 

Aim 2b Data – Comparing Procedure to Case Time Range in Minutes 

  
0-60 

min 

0-

60m% 

61-

90 

min 

61-

90m% 

91-

120 

91-

120m% 

151-

180 

min 

151-

180m% 

181-

210 

min 

181-

210m

% 

AF Cryo 

Abl 
0 0.0% 1 100.0% 0 0.0% 0 0.0% 0 0.0% 

AF RF Abl 0 0.0% 0 0.0% 3 75.0% 1 25.0% 0 0.0% 

MAC 

TAVR 
4 40.0% 4 40.0% 1 10.0% 0 0.0% 1 10.0% 

Gen TAVR 0 0.0% 2 100.0% 0 0.0% 0 0.0% 0 0.0% 

Total Cases 4 23.5% 7 41.2% 4 23.5% 1 5.9% 1 5.9% 

Table 7D 

Aim 2b Data –Infusion Amount - Mean 

 

N Minimum Maximum Mean Std. Deviation 

Infusion Amount 17 400 1000 717.647 194.4071 

 


