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Abstract 

The Reduction of Intradialytic Complications Using Interactive Fluid Volume Technology is a 

quality improvement (QI) project that used Crit-line technology to manage intradialytic fluid 

volume during hemodialysis at the project site. Improved patient blood volume management 

during hemodialysis is instrumental in shortening the length of inpatient hospital stays for 

hemodialysis patients, decreasing fluid volume overload, and limiting intradialytic adverse 

events while improving the utilization of existing resources. The goal of this project is to fully 

integrate existing Crit-line technology, an FDA-approved medical device, to improve euvolemia 

in hemodialysis patients during their inpatient stay. Specific areas addressed in this project 

included changes to the current hemodialysis order set, provider training, and nursing education.  

All adult patients receiving hemodialysis during the six-week implementation period were 

included in this project. Evaluation measures included the utilization of the order set 

modifications by the providers ordering hemodialysis and if the optimal Crit-line profile was met 

during each hemodialysis treatment using the modified order set.  During the implementation 

period, data was collected weekly through order set utilization review within the electronic 

medical record, ending Crit-line profile within the hemodialysis service provider’s billing 

software, and intradialytic complications were identified through chart reviews. The utilization 

of the modified order set exceeded the initial project goal and continues to remain at 

approximately 70%.  Key project findings included enhanced volume assessment during 

hemodialysis, decreased intradialytic complications, increased nurse autonomy, and improved 

workflow for providers and nursing staff.   

Keywords: relative fluid volume, intravascular refill, intradialytic fluid management, 

Crit-line CliC, hemodialysis 
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Section I.  Introduction  

Background   

 The project site, a community-based inpatient facility, is a member of a university health 

system located in central North Carolina (Duke Health, n.d.). The project site provides 

comprehensive medical care to all patients regardless of their ability to pay. Full-service 

departments include diagnostic, surgical, cardiovascular, emergency medicine, vascular, 

orthopedics, and maternity. This hospital has over 350 inpatient beds, and U.S. News & World 

Report ranked it as the 11th best hospital in North Carolina. In 2021, U.S. News and World 

Report also designated the nephrology, gastroenterology, and orthopedics departments as high 

performers. The project site has been in the community for over 40 years; the hospital’s mission 

is “to care for our patients and the health of our community” with a vision “to be the best 

community hospital” (Duke Health, n.d.).    

Organizational Needs Statement 

 Improved patient blood volume management during hemodialysis is instrumental in 

shortening the length of inpatient hospital stays for hemodialysis patients. Other benefits include 

decreasing hospital re-admissions due to fluid volume overload, limiting intradialytic adverse 

events, reducing cardiovascular complications, and improving the quality of life for hemodialysis 

patients while improving the utilization of resources at the project site. The Kidney Disease 

Outcomes Quality Initiative (KDOQI) workgroup recommends that extracellular volume control 

should be the first-line treatment for blood pressure control in the hemodialysis population and 

that reducing interdialytic weight gain may reduce mortality in the hemodialysis population 

(Daugirdas et al., 2015). This quality improvement project addressed all arms of the Quadruple 

Aim by improving the clinical experience by adding additional order set components to the 
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existing hemodialysis order set, improving outcomes by enhancing fluid volume management 

during dialysis, and providing an improved patient experience and lowering patient cost by 

reducing the length of hospitalization (Sikka et al., 2015). According to the Centers for Medicare 

and Medicaid (CMS) (2020), patients with end-stage renal disease are hospitalized on average 

twice a year and have over ten inpatient days yearly. Fluid volume overload is a significant 

contributor to recurrent hospitalizations, extended length of inpatient stay, and re-admission 

within thirty days of discharge for dialysis dependent patients. Nearly 40% of Medicare 

expenditures for end-stage renal disease patients are for inpatient hospital stays (CMS, 2020). 

Implementation of dialysis order set changes and introduction of Crit-line technology for 

hemodialysis treatments at the project site improved the quality of life for hemodialysis patients 

by limiting intradialytic adverse events, maintaining euvolemia in hemodialysis patients, and 

reducing the length of stay for dialysis patients. Healthy People 2030 objectives that this project 

aligned with include reducing the death rate of patients on dialysis, reducing the number of 

chronic kidney disease patients that have elevated blood pressure, improving cardiovascular 

health in adults, and increasing control over high blood pressure (Office of Disease Prevention 

and Health Promotion [ODPHP], n.d.a; ODPHP, n.d.b). 

Over 554,000 Americans rely on dialysis to restore partial kidney function lost to end-

stage renal disease (National Kidney Foundation, 2021). In addition, another 33,000 patients 

diagnosed with acute kidney injury require dialysis to support their renal function during an 

acute illness (Pavkov et al., 2018). Hemodialysis is a procedure in which a patient’s blood is 

moved through an extracorporeal circuit that removes metabolic toxins, maintains the body’s 

fluid volume status, and corrects any acid-base imbalance present in the blood. Optimal patient 

blood volume management during hemodialysis and reduction of intradialytic complications is 
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foundational to maintaining physiologic hemostasis and reducing poor patient outcomes. 

Intradialytic complications include nausea, vomiting, visual changes, cramping, arrhythmias, 

hypotension, and an inability to complete the treatment. The utilization of technologies that 

monitor intravascular blood volume by physicians and clinical staff during hemodialysis creates 

improved fluid volume status for patients, prevents some hemodialysis related adverse events, 

and reduces cardiovascular complications related to fluid volume overload.    

Problem Statement  

 Inconsistent blood volume management during hemodialysis increases intradialytic 

complications, length of inpatient stay, cardiovascular complications, reduces utilization of 

hospital resources, and decreases patient satisfaction. On average, in 2018 the hemodialysis 

patient spent 9.6 days hospitalized yearly with an annual Medicare and Medicaid expenditure of 

11.9 billion (United States Renal Data System, 2020). Prior to this quality improvement project, 

the site has not integrated available blood volume management technology that can improve 

patient outcomes, reduce costs, and limit intradialytic complications.      

Purpose Statement 

The purpose of this quality improvement project is to reduce intradialytic complications 

by integrating existing blood volume management technology into the hemodialysis order set at 

the project site.  
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Section II. Evidence  

Literature Review  

 Searching, evaluating, and synthesizing current research is foundational to creating order 

set changes that are supported by evidence related to specific interventions during hemodialysis. 

Multiple searches were conducted using keyword searches “intradialytic AND fluid AND 

ultrafiltration”, “biomarkers hemodialysis volume,” “fluid management quality hemodialysis,” 

“relative blood volume monitoring,” “intensive hemodialysis and treatment,” “frequency of 

intradialytic complications,” and “Crit-line ultrafiltration.” Databases used during the search 

include PubMed, University’s library OneSearch, and MEDLINE. The database results ranged 

from 18 to 703; most results were not related to the focus of this project’s intervention, but 12 

articles were retained for the purpose of the project (see Appendix A). Articles that included 

COVID-19, continual renal replacement therapy, continual venous-venous hemodialysis, or slow 

low efficiency dialysis in the title were excluded because topics were not directly related to the 

project focus. Some inclusion criteria included research published in the last three to five years, 

written in English, peer-reviewed, and available in full text through existing university 

subscriptions. If the journal article did not contain exclusion criteria in the title, an initial abstract 

reading took place to evaluate the relevance to the project question. All journal articles were 

evaluated with the John Hopkins Nursing Evidence-Based Practice Guide, and all articles 

selected for the literature review were Level IV-A or above (John Hopkins, n.d.) (See Appendix 

B).  

Current State of Knowledge  

 Achieving and maintaining euvolemia while avoiding intradialytic complications such as 

hypotension, nausea, cramping, vomiting, and loss of consciousness in the hemodialysis 
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population remains a continual challenge for the clinicians, hemodialysis patients, and 

stakeholders. Evidence-based data to guide hemodialysis prescriptions and intradialytic decision-

making are limited (Flythe et al., 2020). The current recommendations from the National Kidney 

Foundation’s Kidney Disease Outcomes Quality Initiative (KDOQI) endorse hemodialysis 

patients with minimal residual renal function to receive no less than three hours of hemodialysis 

on a thrice-weekly schedule to meet minimum adequacy (National Kidney Foundation, 2015).  

However, there is not a current standardized practice in formulating a patient’s hemodialysis 

prescription, especially when determining the ultrafiltration goal and management of 

ultrafiltration during hemodialysis. The current site standards for monitoring patients during 

dialysis focus on noninvasive blood pressure monitoring and patient response to ultrafiltration. 

While a patient is receiving treatment, his or her blood pressure is taken every 15 to 30 minutes; 

at these intervals, the patients are assessed for intradialytic complications, treatment response, 

and safety. Fluid volume status is assessed by observational and objective data, including edema, 

lung sounds, and blood pressure. Hayes and Paglialonga (2018) reported that current methods of 

fluid assessment are insufficient, and children can be in fluid overload before clinical signs are 

present.    

 Extracellular volume control and volume correction through dialysis are the primary 

mechanisms of blood pressure control for the end-stage renal disease population (Flythe et al., 

2020). Currently, the CMS standard states that ultrafiltration during dialysis should not exceed 

13ml/kg/hr (American Society of Nephrology, n.d.). This recommendation fails to account for 

the patient’s co-morbidities, sex, condition, blood pressure, nutritional status, or weight gain 

between treatments. Assimon et al. (2016) reported an increase in mortality rates at ultrafiltration 

rates >10ml/kg/hr, but no current studies created a direct association between mortality and 
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ultrafiltration during hemodialysis. In a retrospective analysis in the Asian population, Thongdee 

et al. (2020) reported that intradialytic hypotension occurred more frequently as the ultrafiltration 

goal increased and suggested a maximum of 12 ml/kg/hr ultrafiltration to prevent intradialytic 

hypotension. Large interdialytic weight gains and inadequate intradialytic fluid removal increase 

cardiovascular workload and increase the risk of myocardial shunting leading to tissue ischemia 

(National Kidney Foundation, 2015).    

Additional interventions that limit interdialytic weight gain are reduced sodium intake, 

fluid restriction, diet modification, control of blood sugar, and increased activity. According to 

the National Kidney Foundation (2020), hemodialysis patients should limit fluid intake to 32 

ounces a day and gain no more than one kilogram a day. Monitoring fluid consumption reduces 

the risk of large fluid gains between hemodialysis treatments, myocardial strain, and intradialytic 

complications.    

Current Approaches to Solving Population Problem 

 As the end-stage renal disease population that relies on hemodialysis increases, the 

demand for accurate, appropriate, and safe fluid volume management is paramount. Intradialytic 

hypotension is the most common complication during hemodialysis and leads to decreased 

ultrafiltration occurring in 11-30% of hemodialysis treatments (Kuipers et al., 2019).  

Therapeutic interventions to improve ultrafiltration assessment to obtain euvolemia without 

complications include frequency and duration of treatment, bioimpedance spectroscopy, lung and 

heart ultrasound, intravenous albumin administration, biomarker trending, dialysate 

manipulation, lifestyle modification, and ultrafiltration directed by relative blood volume (RBV) 

monitoring. 
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  Manipulating the frequency and duration of hemodialysis has been an industry mainstay 

to achieve adequate ultrafiltration, clearing metabolic waste, and maintaining the body’s acid-

base balance. Rangaswami & McCullough (2018), during a systematic review of six independent 

studies, found that hemodialysis patients with heart failure had numerous benefits from short, 

frequent hemodialysis treatments or extended hemodialysis treatment times. In the Frequent 

Hemodialysis Network Nocturnal Trial, extending hemodialysis treatment time reduced 

myocardial shunting, which reduced hypotension and other associated intradialytic complications 

(Rocco et al., 2011). This study included 87 participants in a randomized clinical trial that were 

treated with thrice weekly or nocturnal hemodialysis five times a week. Secondary benefits 

including reduced left ventricular mass and decreased mortality could not be established. 

Increasing the frequency and duration of hemodialysis can reduce the incidence of intradialytic 

complications and improve fluid volume status. The increased frequency of hemodialysis may 

increase cost and perpetuate strain on the healthcare infrastructure. 

 The use of bioimpedance spectroscopy to assess body composition and guide fluid 

management provides numerous benefits but also has multiple barriers to widespread 

implementation for the hemodialysis population. Bioimpedance spectroscopy provides a way to 

monitor a patient’s body composition, including fluid and lean muscle mass through light waves 

(Davies et al., 2017). Advantages of using bioimpedance spectroscopy in the hemodialysis 

population include reserved residual renal function, recognizing changes in body composition, 

and identifying a patient’s accurate body weight without excess fluid (Davies et al., 2017). 

However, challenges for bioimpedance spectroscopy being implemented within the hemodialysis 

population include costs associated with implementation, evaluation, and standardization.  
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 Ultrasound use in the hemodialysis population is an innovative concept that has been 

used to not only evaluate volume status but also to measure lung and cardiovascular landmarks. 

Loutradis et al. (2020) used the 2-D echocardiogram to evaluate cardiac chamber size, B-lines in 

the lungs, and ventricle dilation to determine the dry weight of hemodialysis patients. The 

study’s aim was to avoid under or over ultrafiltration, decrease intradialytic hypotension, and 

decrease cardiac remodeling using the echocardiogram (Loutradis et al., 2020). Advantages of 

fluid evaluation with an echocardiogram include accurate reduction in dry weight, decreased 

stress on the cardiovascular system with maintained systolic function, increased patient safety, 

and possibly increased survival in the hemodialysis population (Loutradis et al., 2020). 

Disadvantages of frequent echocardiograms include increased healthcare costs, the increased 

patient burden of procedures, and ensuring adequate access to imaging services for fluid volume 

evaluation.       

 The use of intravenous albumin during hemodialysis supports blood pressure and aids in 

ultrafiltration by increasing vascular refill. Hypoalbuminemia is a recurrent problem associated 

with end-stage renal disease, especially in the hemodialysis population (Hryciw et al., 2021). 

Infusing hyperoncotic intravenous albumin does provide increased hemodynamic support during 

dialysis, but cost remains a huge barrier to widespread implementation in a growing 

hemodialysis population (Hryciw et al., 2021). The use of albumin in dialysis though feasible, 

has shortcomings that include the possibility of refractory hypotension, lack of research on 

systemic effects of recurrent administration, and albumin’s high cost (Hryciw et al., 2021).  

 Evaluation of biomarkers is being integrated into the clinical evaluation of hemodialysis 

patients and influencing fluid volume management. The Food and Drug Administration (2021) 

defines a biomarker as a “characteristic that is measured as an indicator of normal biological 
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processes, pathogenic processes, or responses to an exposure or intervention, including 

therapeutic interventions” (definition 4). Biomarkers used in the hemodialysis population include 

B-type natriuretic peptides, troponin, and C-reactive protein (Rangaswami & McCullough, 

2018). These biomarkers can assist clinicians in evaluating the overall patient status, but none are 

specific to fluid volume status assessment alone. The lack of specificity, frequent laboratory 

draws, and associated cost for unspecific data prevents biomarkers from directing fluid volume 

maintenance in hemodialysis.  

 Dialysate temperature and sodium composition are regularly used interventions to 

influence blood pressure, prevent hypotension, and improve ultrafiltration. Increased blood 

pressure due to systemic vasoconstriction can be achieved by decreasing dialysate temperature 

(Flythe et al., 2020). This intervention is noninvasive and cost-effective but may not always be 

well tolerated by hemodialysis patients and decrease treatment compliance. Manipulation of 

sodium concentration in dialysate has been used to increase ultrafiltration during hemodialysis 

but is associated with increased interdialytic weight gain and fluid overload (Flythe et al., 2020). 

Reduction in dialysate sodium concentrations creates a negative sodium balance during 

hemodialysis. Low sodium dialysate can decrease interdialytic weight gain and fluid overload 

but does not aid vascular refill (Flythe et al., 2020). Decreasing dialysate temperature and 

manipulating sodium concentrations during dialysis can be effective short-term solutions to 

improving ultrafiltration. The manipulation of temperature and composition of dialysate aid in 

reducing intradialytic complications, however, this does not provide any indication of the 

patient’s vascular refill.  

 In addition to hemodialysis, lifestyle modification is essential for all hemodialysis 

patients to reduce mortality and morbidity. The end-stage renal disease creates multiple 
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physiological changes that all hemodialysis patients must manage and including decreased 

ability to maintain fluid balance, reduced clearance of metabolic waste, changes in drug 

metabolism, impaired electrolyte regulation, and inability to maintain acid-base balance. Fluid 

restriction, diet control, adequate protein consumption, and physical activity are all interventions 

that the patient can make that improve interdialytic weight gain, reduce the need for aggressive 

ultrafiltration, and decrease the occurrence of intradialytic hypotension (Flythe et al., 2020). 

Lifestyle modifications are essential for the hemodialysis patient, unfortunately, as residual renal 

function decreases, lifestyle modifications alone will not prevent intradialytic complications nor 

ensure euvolemia.  

 Relative blood volume (RBV) monitoring during hemodialysis provides a continual 

intradialytic assessment of vascular refill, creating the ability for treatment modification in real-

time. RBV monitoring is widely used but lacks industry standardization and best practice 

guidelines (Preciado et al., 2019). A transmissive photometric technique is used to measure the 

concentration of red blood cells within the blood being circulated through the hemodialysis 

machine; the information is processed, providing the healthcare team a continual estimated 

hematocrit and RBV (Leypoldt et al., 1995). The use of RBV monitoring technology has been 

shown to reduce intradialytic hypotension and aid in the evaluation of euvolemia but has not 

shown to reduce mortality in the hemodialysis patient (Preciado et al., 2019).      

Evidence to Support the Intervention 

 This quality improvement project used the Crit-line device to integrate RBV monitoring 

for all hemodialysis treatments and incorporate the data to aid intradialytic ultrafiltration 

decision-making. RBV monitoring was determined to provide the greatest benefit to the project 

site’s hemodialysis population and providers because of the enhanced management capability 
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during hemodialysis while managing cost. The Crit-line device is non-invasive and does not 

create interdepartmental dependence. The use of the Crit-line device has been shown to guide 

appropriate ultrafiltration and reduce the usage of erythropoietin stimulating agents (Sibbel et al., 

2014).  During a study of 842 hemodialysis patients, Preciado et al. (2019) reported that flat 

RBV monitoring slopes were associated with increased mortality. This review further supports 

the assertion that fluid volume excess increased mortality risk in the hemodialysis population and 

that hemodialysis patients should remain euvolemic. The use of RBV monitoring during 

hemodialysis adds to the objective intradialytic data collected so ultrafiltration can be optimized, 

and intradialytic hypotension can be avoided (Preciado et al., 2019).       

Evidence-Based Practice Framework 

This quality improvement endeavor employed the Iowa Model-Revised to guide all 

project planning, implementation, and evaluation.  The Iowa Model-Revised is a well-rounded 

framework that facilitates evidence-based practice implementation through a systematic process 

with defined evaluation points to aid the clinician in the evaluation and refinement of a quality 

improvement initiative (see Appendix C). The first six steps of the ten-step process were 

completed in the summer and fall of 2021, with the last four steps completed during the spring 

and summer of 2022.  Completing the initial sequential steps guided the preliminary problem 

selection, gauging if the problem was an organizational priority, creating a project team, and 

appraising the literature. This model provides a practical application guide to complex quality 

improvement processes (Buckwalter et al., 2017). 

 The initial step for this project was the identification of the opportunity for a problem-

focused process improvement with the project site. The quality improvement focus of the project 

was creating a process to implement the best practice to improve patient care delivery for 
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hemodialysis patients. Implementation of Crit-line technology was already identified as a unit 

priority. The Crit-line devices had been procured by the site but lacked an implementation plan. 

The quality improvement team included members from multiple disciplines to foster 

interdisciplinary collaboration and promote project success. Nurse empowerment was a 

fundamental pillar of the Iowa Model and a model strength when implementing change in 

clinical areas (Titler et al., 1994). The lack of national guidelines for hemodialysis ultrafiltration 

and vast research supporting RBV monitoring created sufficient evidence to design and pilot a 

practice change. During the implementation of the quality improvement interventions over a six-

week period, the change in practice data was evaluated for continuous improvement and 

sustainability. After project evaluation, the Iowa Model-Revised was completed with the 

dissemination of project results.      

Ethical Consideration & Protection of Human Subjects  

 From the inception of this Doctor of Nursing Practice (DNP) project until its 

dissemination, healthcare ethics remained paramount. This quality improvement project focused 

on implementing an intervention used by providers and nursing staff to better manage 

ultrafiltration during hemodialysis. The order set was standardized and applicable to all 

hemodialysis treatments. There were no excluded populations or inequity during the 

implementation of the project. Evaluation of treatment data did not disclose any patient-specific 

identifiers.  

 This project was directed toward physicians and advanced practice providers that 

prescribe hemodialysis and nursing staff that initiate and monitor patients during hemodialysis. 

The project added additional functions to the hemodialysis order set and enhanced current patient 

monitoring practices. There was no potential for direct or indirect harm to the target population. 
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The project was evaluated by three outcome measures that included the selection of the modified 

order set, the incidence of intradialytic complication, and Crit-line profile at the end of each 

hemodialysis treatment.       

 In preparation for the quality improvement project and the necessary review process, the 

project leader completed Collaborative Institutional Training Initiative (CITI) modules, 

discussed project plans with DNP faculty, and collaborated with the site project champion to 

ensure all project site and ethical considerations were addressed prior to the final project review. 

The CITI model training provided contextual bases for ethical research practices and expounded 

on the ethically responsible interventions to protect all parties involved in research and quality 

improvement. Some of the topics included in the training include describing and gaining 

informed consent, defining vulnerable populations, risk assessment, and applicable federal 

regulations.  

 To complete the project approval process, both the project’s site institutional review 

board (IRB) and the University IRB reviewed all aspects of this quality improvement project. 

Initially, a university quality improvement/ institutional review board self-certification worksheet 

was created to evaluate if the project aligned with quality improvement or research. After the 

self-certification worksheet was completed, the DNP project approval assessment tool was 

completed and revised gaining the faculty and program director’s support. These tools created a 

project underpinning necessary to prepare for both institutional review boards. Working in 

conjunction with the project site’s facilitator, the project was deemed quality improvement and 

was not subject to IRB review.  
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Section III. Project Design  

Project Site and Population  

 The project site was an acute care hospital within the piedmont region of North Carolina. 

According to the United States Census Bureau (n.d.), the project’s site county demographic is 

54% Caucasian, 36.9% African American, and 13.7% Hispanic/Latino. The rate of uninsured 

individuals under 65 and the percentage of residents living in poverty is 14% (United States 

Census Bureau, n.d.). The average length of stay at the project site is 5.74 days, with a reported 

84,685 inpatient days, and total revenue of over 1.34 billion dollars in 2020 (American Hospital 

Directory, 2020).     

Description of the Setting 

 The project site has a main dialysis suite, an isolation room, and portable dialysis 

machines for in-room dialysis. The main dialysis suite contains four stations with a central 

reverse osmosis water loop. This suite is where most hemodialysis treatments are completed. The 

isolation room contains two hemodialysis machines that use one portable reverse osmosis 

machine to treat patients on contact isolation, infected with hepatitis B, or with an unknown 

hepatitis status. Patients in the intensive care unit or patients infected with COVID-19 receive 

hemodialysis at the bedside.  

The hemodialysis machines used in the hemodialysis suite, in the isolation room, and 

bedside treatments are all Fresenius 2008T machines. All the hemodialysis machines are 

outfitted with the Crit-line CliC device that provides relative blood volume monitoring, 

estimated hematocrit, and patient ultrafiltration profile. All Crit-line information is displayed on 

the screen of the 2008T machine and provides the user with real-time and historical data for the 

hemodialysis treatment.            
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Description of the Population 

 This quality improvement project’s target population included providers who manage 

hemodialysis treatments and the nursing staff who perform the treatments at the project site. The 

provider group consists of five board-certified nephrologists and five advanced practice 

providers (Durham Nephrology Associates, n.d.). Physicians rotate in the hospital in a three- or 

four-day rotation; advanced practice providers assist the physician’s inpatient management 

Monday through Friday.  

The site’s hemodialysis staff consisted of nine registered nurses and two certified clinical 

hemodialysis technicians (CCHT). The nursing staff is prescheduled and is made up of four to 

five nurses daily. The main hemodialysis suite is staffed by at least one registered nurse. The 

main suite has technicians that assist nursing staff in initiating, monitoring, and terminating 

hemodialysis treatments. All clinical decision-making, treatment modifications, and evaluation 

of treatment response are the responsibility of the registered nurse overseeing the treatment. 

Registered nurses perform all isolation treatments and bedside treatments.  

Project Team 

 The project team was a diverse group of professionals, including a university faculty 

mentor, a project site facilitator, a physician site champion, information technology personnel, 

and a DNP student, who served as project lead. The faculty mentor maintained project rigor, 

ensured project goals were met, assisted with University IRB, and provided continual student 

guidance. In addition, the faculty mentor continually evaluated project progress, monitored the 

project timeline, and provided regular student feedback.  

The site facilitator for this quality improvement project was the primary site point of 

contact and served as the Director of Nursing Research and Evidenced Based Practice for the 
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project site. She provided all the site-specific forms and interfaced with site personnel to gain 

approval and the support of information technology staff. The site facilitator initiated and 

assisted communication with the information technology personnel that collaborated with the 

project lead to make all order set modifications. The site facilitator’s organizational support and 

guidance were vital to the success of this quality improvement project. 

The physician site champion for this quality improvement project serves as the medical 

director of the hemodialysis unit at the project site and has provided continual input to improve 

the hemodialysis order set. During the process of the order set modification, the physician site 

champion directly communicated and relayed all requests of the other practicing nephrologists at 

the project site. The physician site champion’s collaboration provided a valuable sounding board 

for the order set modifications and the implementation of the project.  

 Lastly, the project leader was responsible for developing, implementing, and evaluating 

this quality improvement project. Other project responsibilities included communication with all 

team members, creation of all educational tools, onsite education prior to implementation, and all 

data collection. The project leader was responsible for the management of the quality 

improvement project’s timeline and order set build with collaboration from information 

technology staff.             

Project Goals and Outcome Measures  

 This quality improvement project’s objectives were to implement a modified provider 

order set that utilizes features of Crit-line technology.  Utilization of this technology optimized 

ultrafiltration during hemodialysis, decreased intradialytic complications, including hypotension 

and cramping, and end each treatment in the Crit-line B profile. This project used a modified 
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order set to allow nursing staff to make real-time changes during hemodialysis treatments using 

the Crit-line profile, blood pressure, and treatment response.  

 The Crit-line CliC device is a specialized sensor connected to a blood chamber on the 

hemodialysis circuit after the hemodialysis treatment has started. The CliC device exports all 

data to the 2008T machine through a USB port. The initial estimated hematocrit reading is 

collected after 60 seconds; the patient profile and relative blood volume change is displayed 

within the first few minutes of treatment. These features allowed nursing staff to monitor and 

modify treatments preemptively, with the goal of avoiding intradialytic complications or failing 

to achieve euvolemia during the hemodialysis treatment.     

 This quality improvement project’s outcomes were measured weekly with three outcome 

measures. The three outcome measures included provider usage of the additional order set 

features, patient treatments ending Crit-line B profile, and intradialytic complications in the 

treatments that utilized the additional order set features. Weekly evaluation created the 

opportunity for continual project assessment and timely modification if needed.   

Description of the Methods and Measurement 

 Usage of the additional order set features by the providers was the primary outcome 

measure for this quality improvement project. Secondary outcome measures include the patient’s 

ending Crit-line profile and the presence of any intradialytic complications when the additional 

order set features were used. Weekly evaluation of the provider usage yielded a real-time user 

engagement and identify any project deficiencies. Changes to the implementation plan were 

identified by combining user feedback and monitoring the three outcome measures. Using the 

Iowa Model-Revised for the project framework during implementation provided a systematic 
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approach to data collection, trending results, and timing for plan modification if indicated 

(Cullen et al., 2018).      

The hemodialysis order set modifications provided the user with a cascading set of 

prompts to order dialysis to be guided by relative blood volume monitoring through the Crit-line 

technology via the CliC device. The cascading limited provider entry fatigue and ensured all 

necessary information is present within the order. The order prompts include blood pressure 

parameters, Crit-line ultrafiltration profile, and starting ultrafiltration goal. The safety features 

embedded in the order set included vital sign monitor and safety check frequency, blood volume 

alert levels, and acceptable increments for ultrafiltration changes during the hemodialysis 

treatments.  

 To prepare for the quality improvement project’s implementation, an educational 

program was launched in January 2022 and included weekly educational in-services for 

providers and nurses. The weekly in-services included on-site support for order entry, 

PowerPoint presentations that remained in the hemodialysis unit throughout the project’s 

implementation, and the ability to use the order set in a test environment to increase user 

confidence with order entry (see Appendix E). Providers and nursing staff had separate 

PowerPoint presentations that focused on Crit-line order entry or Crit-line order interpretation 

used during the hemodialysis treatment (see Appendix F).     

 The quality improvement project’s results were measured weekly with three outcome 

measures: provider usage of the additional order set features, number of patient treatments 

ending in a Crit-line B profile, and intradialytic complications in the treatments that utilize the 

additional order set features. Data collection was conducted through a combination of direct 

treatment evaluation and ACES ending profile documentation. The outcome measure data was 
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listed by treatment date, tabulated, and stored in an Excel spreadsheet. Weekly evaluation created 

the opportunity for continual project assessment and timely modification when needed.  

Discussion of the Data Collection Process 

 The data collection process took place weekly and was acquired through treatment and 

order documentation in the site’s electronic medical record and the specialized dialysis billing 

system. After the start of project implementation, the weekly data collection process involved 

manual data collection. The total number of hemodialysis treatments was divided by the number 

of treatments that used the additional order set features to provide the percentage of feature 

utilization. Next, the ending patient Crit-line profile was manually collected through the dialysis 

billing system. The number of treatments that used the new order set features was divided by the 

treatments that ended in the B profile and used the features. Lastly, a report was pulled 

identifying intradialytic complications for the week, and treatments with complications were 

compared to treatments that used the modified order set features.  

 The data collected was compiled in an Excel spreadsheet. The data in the spreadsheet 

included the total number of hemodialysis treatments, treatments that utilized the modified order 

set features, the ending Crit-line profile for the treatments that used the additional features, and 

the number of treatments that utilized the additional order set features and had intradialytic 

complications during treatment. The Excel spreadsheet did not contain any direct patient 

identifiers, was only accessed by the project leader and is stored on the site’s secure server with 

password-protected access.       

Implementation Plan  

 In keeping with the Iowa Model-Revised framework, this quality improvement project 

used four implementation phases. Using a systematic phased implementation approach ensures a 
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cohesive method that is easily assessed and modified (Cullen et al., 2018). The four distant 

implementation phases used for this project were creating awareness and interest, building 

knowledge and commitment, promoting action and adaptation, and perusing integration and 

sustained use (Cullen et al., 2018). 

 The first phase of the implementation process for this quality improvement project was 

creating awareness. The Crit-line CliC devices were purchased in early 2021 but had not been 

fully implemented into practice before this project. Starting in the summer of 2021, after gaining 

support from the site and physician site champion, the project leader met with providers and 

nursing staff to gather input for meaningful order set modifications. The physician site champion 

informed the provider group about the upcoming practice change in a provider-to-provider 

meeting. This created an open forum for suggestions and concerns to be addressed. In June of 

2021, the project gained the site’s nursing administration support.  

 Building knowledge and commitment is the second phase of the project’s implementation 

process. The initial training on the Crit-line CliC device was conducted over a four-day period, 

in the summer of 2021, before this quality improvement project’s conception. The training 

focused on device features, use, troubleshooting, and incorporating relative blood volume 

changes into nursing assessments during hemodialysis. After the nursing staff was trained on the 

device, the commitment to the project interventions increased. In preparing for the order set 

intervention implementation in March 2022, a PowerPoint presentation was made available to 

the providers and nurses to introduce the additional order set features (see Appendix E & 

Appendix F). In addition, supplying early education increased familiarity with the intervention 

and allowed early identification of possible issues before the six-week implementation period.  
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   The third phase of implementation was promoting action and intervention adaptation. 

During the first two weeks of the six-week implementation, the project leader was at the project 

site on multiple days to provide direct project support, disseminate quick reference materials that 

are profession specific, and provide any application troubleshooting. The goal of providing on-

site support was to foster early feature adoption by the providers and to aid the nursing staff in 

real-time implementation during the hemodialysis treatments. Direct observation early in the 

implementation period provided the project team an opportunity to collect actionable 

intervention data and plan for modification when needed.  

 The final phase of the implementation period was to create sustained use of the additional 

order set features and continued nurse intervention guided by the Crit-line data during 

hemodialysis. To promote continued use of the order set features by the providers, the project 

team provided biweekly usage and ending Crit-line profile data. This direct reporting of the 

outcome measures supported the continued use of the intervention. In addition, all modifications 

of the order set, application of the order set, and outcomes measurements were shared with all 

end users to foster collaboration and sustained use.           

Timeline 

 This quality improvement project was conceptualized in August 2021 and was completed 

in July 2022. During the summer semester of 2021, a physician site champion and site support 

were gained. In the fall of 2021, site facilitator and information technology staff were contacted. 

This quality improvement project was implemented during the spring semester of 2022. Provider 

and staff education began in the first two weeks of March 2022 with a rolling schedule of in-

services to engage all end users. Pre-implementation data was collected from February 14, 2022, 

through March 12, 2022. The order set launch was March 14, 2022, and will have a six-week 
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implementation period ended on April 16, 2022. During the implementation period, the order set 

engagement and process was evaluated in an informal fashion to identify any user barriers to 

ensure timely correction. In summer of 2022, the final portions of the DNP paper and DNP 

poster were completed, and the results of the project were disseminated (see Appendix D).        
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Section IV. Results and Findings  

Results 

 Pre-implementation and implementation data were collected for this quality improvement 

project. Pre-implementation dataweres collected from February 14, 2022, through March 12, 

2022. The data collected during the pre-implementation phase included ending treatment Crit-

line profile and the frequency of intradialytic complications. Implementation data was collected 

weekly from March 14, 2022, through April 23, 2022. Data collected during the implementation 

period included the usage of the modified order set, ending Crit-line treatment profile, and 

occurrences of intradialytic complications.    

 Pre-implementation data were collected for four weeks and included all hemodialysis 

treatments completed Monday through Saturday. Over the four weeks of pre-implementation 

data collection, 318 hemodialysis treatments were started. Of the 318 treatments, 160 (50.31%) 

did not have ending profile documentation, 81 (25.47%) ended in an A profile, 74 (23.27%) 

ended in a B profile, and 3 (0.94%) ended in a C profile. During the pre-implantation period, 

0.31% of treatments had a documented intradialytic complication (See Appendix H). 

 Implementation data was collected for six weeks and included all hemodialysis 

treatments completed Monday through Saturday. During the project implementation period, 425 

hemodialysis treatments took place.  Of the 425 treatments, 63 (14.82%) did not have ending 

profile documentation, 163 (38.35%) ended in an A profile, 179 (42.12%) ended in a B profile, 

and 10 (1.65%) ended in a C profile. During the implementation period, 5 (1.17%) of treatments 

had a documented intradialytic complication. 

 During the implementation period, modified order set utilization was collected weekly. 

Of the 425 hemodialysis treatments, 292 treatments utilized the modified order set. All weeks 
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except for week two surpassed the goal of 60% modified order set utilization with an average 

utilization rate of 68.7%. The current utilization for the modified order set remains over 70% at 

the project site.    

Discussion of Major Findings 

 The integration of the modified order set was well received by providers and nursing 

staff. The percentage of treatments ending in a B profile increased with the usage of the modified 

order set options. Also, there was an increase in patients reaching euvolemia during the project 

implementation period. The use of the modified order set also decreased the number of phone 

calls to providers for new ultrafiltration orders. The decreased call burden increased provider 

productivity by decreasing interruptions in workflow while rounding at the project site. Another 

unintentional benefit of the project was profile data and treatment documentation improved 

during project implementation.   

 The nursing staff reported multiple patient care and workflow improvements with the 

integration of the modified order set. Integration of Crit-line data into patient care during 

hemodialysis gives nursing staff an additional objective measure to guide ultrafiltration. Direct 

patient care staff reported increased confidence in ultrafiltration goal manipulation when the 

patient’s Crit-line profile is present. The use of Crit-line technology is associated with more 

appropriate ultrafiltration that resulted in a decrease in treatments being terminated early and 

decreased doses of erythropoietin stimulating agents (Sibbel et al., 2014).  Staff education 

focused on using the order set modifications to reach euvolemia while maintaining patient safety 

and proper documentation of the Crit-line profile. Staff did report that a barrier to reaching a B 

profile when using the modified order set was the blood pressure parameters provided within the 

order set. Due to the decreased ultrafiltration, most treatments that ended early did not end in a B 
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profile. The nursing staff did report improved workflow and reduced phone call burden when the 

modified order set is used.  
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Section V. Interpretation and Implications 

Costs and Resource Management  

 This quality improvement project generated direct and indirect costs along with resource 

allocation from multiple departments within the project site, nephrology physician group, and the 

project site’s hemodialysis vendor. Major sources of labor expenditure were noted in the nursing, 

biomedical, and information technology. Manual data collection increased resource demand on 

the project team.  

 Biomedical and information technology services were provided by the project site and 

created the most substantial interruption in organizational workflow. Biomedical staff was 

responsible for uploading all Crit-line software updates along with ensuring that all hemodialysis 

machines had functional Crit-line technology. Biomedical activities included but were not 

limited to updating software, replacing hardware, hemodialysis machine repair, and ordering of 

needed parts for the Fresenius T2008 hemodialysis machines. The estimated time expenditure of 

biomedical activities related to this quality improvement project was seven direct intervention 

hours and created a delay in completion of other projects estimated at 10 hours. Information 

technology staff were instrumental in the modification of the hemodialysis order set and the 

creation of additional documentation fields within the electronic medical record. The order set 

medication and point of concept testing took 18.5 hours. This information technology request did 

delay other requests in the work queue but did not delay any request considered a project site 

organizational priority. The addition of the Crit-line documentation fields within the electronic 

medical record took 1.5 hours. In the near future, a report will be launched to collect profile data 

without entry into the patient’s medical record. The estimated time expenditure will be between 

3-5 hours.  
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 Nursing and provider education was integrated into scheduled workdays and had limited 

effect on patient care. In the past, hemodialysis order set modification had been the responsibility 

of the medical director of the hemodialysis unit. If this quality improvement project would have 

not taken place the physician group, project site, nor the hemodialysis vendor would not have 

been able to allocate the needed resources and collaboration needed to achieve the integration of 

relative fluid volume monitoring technology into hemodialysis treatments at the project site. 

Nursing and hemodialysis technicians were educated in the hemodialysis unit and at the bedside 

of patients receiving hemodialysis. Providers were educated at a staff meeting and with an on-

site demonstration in the hemodialysis unit at the project site. Future expansion of this quality 

improvement project would be economically feasible. The cost of expansion within the site’s 

health system would be minimal due to the order set and educational materials being available. 

Other additional expenditures include printing of materials, time expenditure of the project team, 

and physical support services. The cost estimation of this quality improvement project was 

approximately $15,755; this estimation accounts for all labor and materials with exclusion of the 

Crit-line monitors (See Appendix G). 

Implications of the Findings  

Implications for Patients 

The use of relative blood volume technology implemented through order set modification 

has a benefit to patients, providers, nursing staff, and the site. Patient benefits include the 

reduction of intradialytic events through real time monitoring of vascular refill and tailored 

ultrafiltration to the patient’s Crit-line profile, blood pressure, and clinical presentation. The use 

of Crit-line technology was also included in patient education during the hemodialysis treatment. 

The nursing staff is now able to educate patients during treatment about adequate ultrafiltration, 
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appropriate manipulation of ultrafiltration goals during treatment, and the benefits of increased 

patient safety through additional intradialytic monitoring. Increased safety during treatment and 

an improved understanding of the ultrafiltration process will lead to increased patient satisfaction 

and disease awareness.  

Implications for Nursing Practice 

Nursing staff benefits from decreased call initiation to providers for new hemodialysis 

orders when order modification is needed during treatment, enhanced ability to provide patient 

education regarding individual fluid volume status, and increased confidence in monitoring 

patients during hemodialysis. With the use of the modified order set features, nursing staff can 

change ultrafiltration during hemodialysis within the order set. An estimated two minutes are 

saved for each change nursing staff can initiate without paging, communicating, and entering in 

an order change. If only one call and intervention does not have to be initiated, 156 hours of 

nursing time at the site will be saved in a calendar year. With the integration of the Crit-line 

graphics, nurses are better equipped to provide individualized education about a patient’s fluid 

volume status during hemodialysis. Educational points include but are not limited to reasons for 

changes in ultrafiltration goals and how dietary consumption of sodium and fluid translates to a 

patient’s hemodialysis treatment. Intraprocedural hemodynamic assessment is enhanced with 

consistent use of relative blood volume monitoring; nursing staff can assess vascular refill and 

make specific changes for improved procedural outcomes and patient risk reduction.  

Provider benefit has been demonstrated through the reduced data entry, reduction in calls 

from nursing staff to modify hemodialysis orders, and ability to safely challenge ultrafiltration in 

the inpatient setting. The use of the modified order set allows nursing staff to make changes in 

the ultrafiltration goals without calling the providers for a new hemodialysis order. When the 
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Crit-line order set is selected, nursing staff is allowed to manipulate the ultrafiltration goal within 

the order set parameters. Prior to the order set modifications, the provider was responsible for 

making all changes in ultrafiltration. This required providers to modify their initial order or 

provide nursing staff with a telephone order. The ability to challenge fluid removal during 

hemodialysis is a key benefit to the modified order set. Fluid volume overload is a challenge for 

many hemodialysis patients in the inpatient setting. Hospitalized patients often gain excess fluid 

volume from multiple sources including intravenous medication, decreased insensible fluid loss 

due to reduced activity, and increased dietary fluid consumption.  

Impact for Healthcare System(s) 

The project site’s benefit is translated through increased staff efficiency and enhanced 

patient safety. Nurses and providers benefit from reduced interruptions in workflow. Time saved 

in requesting and implementing order modifications can be used to increase worker productivity 

at the site. This time savings and decreased reduction in workflow interruption has the potential 

to reduce errors, improve staff morale, and enhance patient safety.   

Sustainability 

 This quality improvement project is highly substantiable and expandable within this 

project site health system and others. With the high percentage of provider usage, Crit-line 

capable hemodialysis machines, and the patient care staff trained in relative fluid volume 

technology, the continued use of Crit-line technology ordered by providers and executed by 

nursing staff is sustainable and could be expanded to other sites within the health system. For 

maximized patient benefit, continual reinforcement of ultrafiltration titration and documentation 

are essential. The creation of nurse and provider super users is an additional intervention to 

ensure high utilization of the order set modifications and project continuation.  
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 Barriers to project sustainability include the lack of a report to extract profile data and a 

process to ensure timely hemodialysis machine repair. Creating a report within the electronic 

medical record is essential for rapid evaluation of the ending patient profile and the provider 

utilization data. The creation of a process that streamlines communication between the 

hemodialysis and biomedical departments will support sustainability. A department specific 

process will decrease delays in machine repair and part availability.  

Dissemination Plan 

 The dissemination plan for this quality improvement project paper and poster included 

multiple forums. The project paper was loaded into the institutional repository and shared 

internally with the hemodialysis vendor’s personnel. The project abstract and DNP poster will be 

submitted to the project site’s annual quality and safety symposium. The symposium’s audience 

is open to the public and includes clinical, research, and administrative professionals from the 

project site’s health system. The DNP poster was shared with fellow doctoral students and 

educational institution staff in July of 2022 (see Appendix J). The DNP, paper, poster, and 

descriptive statistics were presented to the nephrologist at the project site during the quarterly 

physician meeting in July of 2022.  
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Section VI. Conclusion 

Limitations and Facilitators 

Barriers 

 The project barriers were created by internal and external factors. External barriers 

included the COVID-19 pandemic, the project focus not being an organizational priority, and 

supply chain issues. The information technology staff had to continually change order sets for 

COVID-19 treatment protocols as evidence and guidelines changed. The continued work on the 

COVID-19 treatment protocols led to numerous delays in changes for the project order set, 

delaying project implementation. The project site’s organizational priorities during the quality 

improvement project timeframe included preparing for a regulatory inspection, electronic 

medical record update, and providing evidence-based care for COVID-19 patients. Supply chain 

delays were responsible for two hemodialysis machines not being equipped with functional 

technology during project implementation. Lack of quality improvement experience by the 

project lead and not creating an inclusive project team early in the quality improvement process 

were two notable internal barriers A well-designed project relies on a well-rounded 

interprofessional project team. Key personnel that was not identified early was biomedical staff 

and information technology staff.  

Limitations  

 The limitations for this quality improvement project included inconsistent nursing 

documentation and the inability to optimize ultrafiltration to reach a B profile. Documentation 

was and remains an ongoing issue. Nursing staff frequently omitted information that was critical 

for accurate project evaluation and sustainability. Omissions included if the modified order set 

was selected, ending profile, intradialytic hypotension, and reason for not achieving the ordered 
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profile. The addition of rows within the site’s electronic medical records improved profile 

documentation. Early in the implementation of the modified order set, some staff members did 

not increase ultrafiltration goals to optimize fluid removal. The initial PowerPoint education 

module did not address how frequently the nursing staff could increase the patient ultrafiltration 

goal. This was an oversight that was noticed by providers and the project lead. Supplemental 

education was provided to nursing staff to improve ultrafiltration goal manipulation. The 

frequency of ultrafiltration titration improved but did not always result in a B profile at the end 

of hemodialysis.  

Facilitators  

 This quality improvement project had and continues to have multiple facilitators. Primary 

facilitators include members of the project team, the project site’s education department, and the 

project’s end users. A primary facilitator for this project was the DNP faculty; the 

responsibilities of the faculty included timeline management, continual appraisal of the DNP 

paper, and assisting the project lead in overcoming project barriers. 

During the project process, the project champion demonstrated support by attending 

meetings, facilitating communication with the providers, making a request on behalf of the 

project effort, and providing constructive feedback on project activities and implementation. The 

project champion has remained continually responsive and supportive. The project site’s 

education department assisted with fulfilling institutional requirements and providing secure data 

storage. To facilitate unit cooperation, the project lead had to create and maintain an education 

bulletin board outside of the hemodialysis unit. The creation and quarterly maintenance fulfilled 

a unit need and work to facilitate site approval. The order set end users have been essential for 

the success of this quality improvement project. The order set modifications have been well 
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received by providers and nursing staff at the project site. Open communication and informal 

evaluation have been essential to ongoing project success. The provider and nursing staff are 

essential for project sustainability and potential project expansion.  

Recommendations for Others 

 Every quality improvement project is unique but the need to create an inclusive project 

team early in the inception of the quality improvement process and a streamed lined data 

collection procedure. Recognizing the importance of early interprofessional collaboration and 

task delegation is vital for project success and timeline management. Cultivating and maintaining 

stakeholder support throughout the project process improves implementation and increases 

sustainability. If information technology and/or biomedical professionals are needed for the 

implementation of the project, plan early collaboration and delegation of tasks will decrease 

timeline delays. Cultivating relationships that foster polite, collaborative, and frequent 

communication ensured the project needs remained relevant. Having a data collection process 

that is not time intensive and maintains the anonymity of the project participants decreases 

unnecessary time expenditure and entry into the patient’s medical record. A recommendation to 

others would include the use of a report generator to extract needed project data.   

Recommendations Further Study 

 This quality improvement project lays the foundation for future adjunctive quality 

improvement projects. Future quality improvement projects could focus on creating an inclusive 

tracking mechanism for the use of the order set modifications, treatments that reached a B 

profile, and tracking of individual staff members to improve the reinforcement of proper 

ultrafiltration. Another project could use retrospective data to improve the patient safety orders 

within the order set to maximize the number of patients that reach the ordered Crit-line profile. 
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Future project leads could use this framework to integrate relative fluid volume monitoring 

technology into other acute hemodialysis units. The expansion of ultrafiltration aided by Crit-line 

technology into the outpatient is another possible area of expansion.    

 This quality improvement project could lead to several areas of potential research. A 

major area of research could focus on the correlation of more aggressive ultrafiltration with 

relative blood volume monitoring technology and reduction in 30-day hospital readmission with 

calculations of cost savings. Research could also expound on the financial benefit of 

hemodialysis patients reaching euvolemia in the acute care facility and the reduction of length of 

stay. An area for further study could focus on how residual renal function affects the usefulness 

of relative blood volume technology. The project did not identify a gap in provider assessment 

but does raise the question if the physical assessment of volume status can be solely relied upon 

when making hemodialysis orders for the inpatient hemodialysis population.   

Final Thoughts 

 This quality improvement project’s goal was to improve ultrafiltration during 

hemodialysis using relative blood volume monitoring technology at the project site. The project 

was designed to utilize Crit-line technology through order set modification, education of 

providers and nursing staff, and evaluation of order set usage, ending Crit-line profile, and 

intradialytic complications. The project team consisted of a site champion, project faculty, site 

educational coordinator, information technology staff, biomedical staff, and a project leader.  

Pre-implementation and implementation data were collected to identify the patient’s ending Crit-

line profile and any intradialytic complications. Early in implementation, it was identified that 

patients were not reaching euvolemia and ended hemodialysis with a fluid excess. Relative fluid 
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volume technology is a useful tool to assist healthcare staff in monitoring and tailoring 

ultrafiltration for hemodialysis patients.    
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Appendix A 

Literature Search Log  

Date of Submission: 9/23/21

Date of Search Database Key Word Searches Limits
# of Citations 

Found / Kept

Rationale for  Inclusion / Exclusion (include rationale 

for excluding articles as well as for inclusion)

112/2019
 CINAHL 

(EBSCOhost)

Emergency department 
AND delays AND 
admissions

5-10 year period, English 
language, etc.

25 found 3 kept 1 redundant; kept articles directly related to clinical question

9/15/2021 PUBMED intradialytic AND fluid AND ultrafiltration5years period, english 57/1

Excluded articles that address intradialytic hyprtension, did not mention 

additional monitoring techniques, and peritoneal dialysis.

9/15/2021 MEDLINE (biomarkers hemodialysis volume)

3 yrs, english, peer reviewed, full 

text 23/0

Excluded all articles due to none relating directly to biomarkers and fluid 

management during dialysis. 

9/16/2021 PUBMED (biomarkers hemodialysis volume)

3 yrs, english, peer reviewed, full 

text 188/2

Excluded redundant artcles and articles that did not directly address biomakers 

and ultrafiltation during dialysis. 1 article was reviewed research in children. 

9/16/2021 Onesearch  Fluid Management Quality hemodialysis

3 years, english, peer reviewed, 

humans, medicine 492/2

Excluded all works related to quality of life, patient preceptions, and self 

management. Kept related articles to the clinical question 

9/19/2021 PUBMED relative blood volume monitoring"5 years, full text 18/1 Excluded redundent articles, and articles not related to the clinical question 

9/19/2021 MEDLINE relative blood volume monitoring hemodialysis

3 yrs, english, peer reviewed, full 

text 36/0 All articles redundant or unrelated to clinical question 

9/19/2021 Onesearch relative blood volume monitoring hemodialysis

3yrs, english, peer reviewed, full 

text, humans, medicine 703/4

Excluded articles that address intradialytic hyprtension, did not mention 

additional monitoring techniques, and peritoneal dialysis. Included article that 

related closest to the clinical question. Did not include qualitative works. 

9/19/2021 Onesearch Iowa Model of Evidence Based Practice 

3 years, english, peer reviewed, 

humans, medicine, nursing 2908/1

Included framework revision article. I did look at several articles to see how 

the Iowa Modle was implemented. 

9/22/2021 PUBMED intensive hemodialysis and treatment

5 yrs, english, peer reviewed, full 

text, humans, MEDLINE 181/2

Excluded articles that addressed COVID, AKI, intradialytic hyprtension, did not 

mention additional monitoring techniques, and peritoneal dialysis. Included 

article that related closest to the clinical question

9/22/2021 Onesearch frequency of intradialytic complications

5years period, english, medicine, 

nursing, full text, journal articles 487/1

Included work that had frequent citations. Exclusions included children, heart 

failure related, medication, and elecrolytes effects. 

9/22/2021 Onesearch Crit-line ultrafiltration

3 yrs, english, peer reviewed, full 

text 30/0 All articles were redundant or did not address clinical question 

9/22/2021 PUBMED Crit-line ultrafiltration

5 yrs, english, peer reviewed, full 

text 0 N/A
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Appendix B 

Literature Search Matrix 

 

Authors Year Pub Article Title Theory Journal
Purpose and take home 

message

Design/Analysis

/Level of 

Evidence

IV DV or Themes 

concepts and 

categories 

Instr. Used
Sample 

Size

Sample 

method

Subject 

Charac.
Comments/critique of the article/methods GAPS

Rutgers 

(made up)

2013 Factors related to 

nursing students 

thriving in doctoral 

education 

Theory of 

self-

efficacy

Journal of  

Education

To determine if self-esteem 

and self-efficacy contribute  

to thriving in doctoral 

education

Level II-II (See 

below)

Descriptive 

Inferential

IV 

Self-efficacy & Self-

esteem

DV thriving

Self-efficacy 

Rosenberg self-esteem scale 

100 Interviewed 

students at 3 

universities

African-

American 

10%; 

Caucasian 

85% and 

other 5%

The authors found that…They did not include 

information on  doctoral students who did not 

persist/thrive 

Limitations: 

Usefulness:

Synthesis:

Rangaswa

mi, 

McCullou

gh

2018 Heart Failure in End-

Stage Kidney 

Disease:

Pathophysiology, 

Diagnosis, and 

Therapeutic

Strategies

N/A Seminars 

in 

Nephrolo

gy

Identification of volume 

management tecniques to 

best manage ESRD patients 

with HF

Level III 

systemaic 

review 

N/A N/A N/A N/A HF & 

ESRD

The authors found that utilization of available 

therapies are not consistantly implemented due to 

varing clinical practice management in the 

ESRD/dilysis population.  Limitations: None listed 

Usefullness: Identified most widely used methods of 

prescribing EDW. Addresses HD timing, biomarkers, 

lung US, nocturnal HD, and echo to determine fluid 

status. Synthesis: Inconsistant methods of EDW 

and ultrfiltration goals can lead to ineffective 

manangement of the ESRD patient with HF. Using 

methods introduced have the potential to benifit 

patients but more research is needed before a 

superior method can be identified. Frequent HD is 

the only clear recommendation given in the piece.   

Davies, 

S.J., 

Caskey, 

F.J., 

Coyle, D., 

Lindley, 

E., 

Macdonal

d, J., 

Mitra, S., 

Wilkie, 

M., 

Davenpor

t, A., 

Farrington

, K., 

Dasgupta, 

I., 

Ormandy, 

P., 

Andronis, 

L., Solis-

Ttapala, I., 

& Sim, J. 

2017 Rationale and 

design of BISTRO: 

A randomized 

controlled trial to 

determine whether 

bioimpedance 

spectroscopy-

guided fluid 

management 

maintains residual 

kidney function in 

incident 

haemodialysis 

patients.

N/A BMC 

Nephrolo

gy

Using bioimpdance 

spectroscopy to maintain 

residual renal function and to 

more effectively gauge fluid 

volume status. 

Level I RCT use of BI 

spectroscopy vs 

standard care in HD 

pts to maintain 

residual renal function 

SPSS 23 516 Mulicenter 

(30), 

randimized 

contolled trial. 

Haemodial

ysis, aged 

>18 with 

RKF of > 

3 

ml/min/1.7

3 m2 or a 

urine 

volume 

>500 ml 

per day

The authors found that BI spectroscopy was a 

reliable and effctive was to measure body 

compisition but left the question of how to use BI 

spectroscopy in everyday practice to manage the 

HD patient. Limitations: level of complex decision 

making in the clinical setting, variation between sites 

assessment practices Snythesis: BI spectroscopy 

does evaluate the body compisition of the patient 

and diminished the risk of chronic volume depletion. 

This technology can be a tool used to improve the 

clinican's fluid volume assessment but does not 

address the intradialytic fluid volume management. 
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Hayes, W. 

& 

Paglialong

a, F

2018 Assessment and 

management of 

fluid overload in 

children on dialysis

N/A Pediatric 

Nephrolo

gy

Fluid volume assessment 

lacks objective means for 

assessment. A combination 

of objective fluid 

assessment, adequate, UF, 

and controling IDWG will 

ensure best out comes. 

Level II 

systematic 

review 

assessmnet of fluid 

overload in children 

N/A N/A Outpt HD 

clinics  and 

affilated 

inpatient HD 

units 

adult, pts 

with some 

residual 

renal 

function 

The authors found that current fluid assessment 

techniques were lacking in objective assessment but 

there is no superior method currently idenified in the 

pediatric population. More resarch is needed. 

Limitations: Multi-center research is not currenly 

availible, inability to control diet and fluid 

consupmtion, and the vast number of techniques to 

measure volume status Synthesis: Fluid volume 

assessment and accurate fluid removal is vital to 

aviod cardiovasulat complications in the 

ESRD/pediatric population. 

Loutradis, 

C., 

Papadopo

ulos, C.E., 

Sachpekid

is, V., 

Ekart, R., 

Krunic, B., 

Karpetas, 

A., Bikos, 

A., 

Tsouchni

kas, 

I.,Mitsopo

ulos, E., 

Papagiann

i,A., 

Zoccali, 

C., & 

Sarafidis, 

P

2019 Lung 

ultrasound–guided 

dry weight 

assessment and 

echocardiographic 

measures in 

hypertensive 

hemodialysis 

patients: A 

randomized 

controlled study

American 

Journal 

of Kidney 

Disease

US-guided assessments can 

be used for weight reduction. 

Reduction is heart chambers 

did not change systolic 

function.

Level II US fluid assessment 

vs standard care 

71 patients from 2 

hemodialysis 

centers in 

Thessaloniki, 

Greece, and 1 

in Maribor, 

Slovenia

adult (>18 

years) 

patients 

with 

kidney 

failure 

treated 

with thrice-

weekly 

maintenan

ce 

hemodialy

sis for 3 or 

more 

months 

who had 

hypertens

ion

The authors found that US-guided weight reduction 

was an effective strategy to evaluate volume ecess 

in the HD patient. Systolic preformance was not 

impacted but the RV and Lv sizes were reduced with 

the volume reduction. Long term evaluation will be 

neede to identify long term benifit. Linitations: 

Sample size, single blind (double blind is not fesible 

in this pop.) Usefulness: limited due to the level of 

technology needed on a routine basis to impact 

patient outcomes Synthesis: identifying reliable, low 

cost, and sustainable technology to evaluate fluid 

status is a contionual chalenge for clinicans aseving 

HD patients. US-guided evaluation achieves the 

goal of accurate volume measurement but lacks 

intervention during HD and is not fesible long term 

at this time. 

Flythe, 

J.E., 

Chang, 

T.I., 

Gallagher, 

M.P., 

Lindley, E, 

Madero, 

M., 

Sarafidis, 

P.A., 

Unruh, 

M.L., 

Wang, A., 

Weiner, 

D.E., 

Cheung, 

M., 

Jadoul, 

M., 

Winkelma

yer, W.C., 

& 

Polkingho

rne, K.

2020 Blood pressure and 

volume 

management in 

dialysis: 

conclusions from a 

Kidney Disease: 

Improving Global 

Outcomes (KDIGO) 

Controversies 

Conference

N/A Kidney 

Internati

onal 

Inability to measure  fluid 

status in HD patients makes 

it difficult to agree on best 

practice guidelines.  

Managing BP and volume in 

dialysis requires an 

individualized approach with 

integration of numerous 

clinical, dialysis treatment, 

and patient factors.

Level II 

systematic 

review 

volume management 

and blood pressure 

goals for ESRD pts  

N/A N/A N/A All ESRD 

pts on 

dialysis 

There currently is no agreed upon gold stand ared 

for extracellular volume management. Physical 

evaluation remains the mainstay of ultrfiltration 

goals during hemodialysis. Another challenge for 

technology impementation is the lack of standarized 

protocols and large RCT's. Even with conflicting 

evidence about the prevention of intradialytic 

hypotension, BVM does have prognostic value. 

Limitations: small number of RCTs preformed on 

hemodialysis patients, lack of standard clinical 

practice in assessing HD patients  Usefulness: 

suppots current practice and identifies current 

technology on the market Synthesis: does not 

recommend BVM with current evidence, but 

suggests more studies are needed 
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Leypoldt, 

J.K., 

Cheung, 

A.K., 

Steuer, 

R.R., 

Harris, 

D.H., & 

Conis, 

J.M. 

1995 Determination of 

circulating blood 

volume by 

continuously 

monitoring 

hematocrit during 

hemodialysis

Journal 

of the 

American 

Society of 

Nephrolo

gy

To determine if non-invasive 

BV technology decreased 

intradialytic hypovolemia 

and aids ultrfiltration. CL 

does have a good correlation 

between changes in BV and 

the actual concentrations of 

plasma proteins. The CL 

technology produces results 

similar to an automated blood 

analyzer used to complete 

routine sample analysis. 

Patient specific interventions 

cannot be extracted from this 

research. It remains the first 

compairison of CL HCT and 

BV readings compared with 

UF during HD.   

Level II Quasi-

expermental 

ability to caculate RBV 

during HD 

Crit-line monitor to caculate 

RBV and HCT

16 convience 

sample at a 

outpatient 

dialysis unit

adult 

hemodialy

sis 

patients, 

at 

university 

affiliated 

outpatient 

dialysis 

unit, 6 

men & 11 

women

This study aimed to idenify the correlation between 

changes in BV and intradialytic fluid removal. The 

patient physical response was not considered so 

best practice cannot be gained from this type of 

research. Limitations: small sample, data that cannot 

be applied to patients Usefulness: cannot be applied 

to patients only identifys correlation Synthesis: CL 

was able to identify changes in HCT and BV during 

hemodialysis using ligh waves to identify changes 

on hemoconcentration. 

Hryciw, N. 

Joannidis, 

M., 

Hiremath, 

S., Callum, 

J., Clark, 

E.G. 

2021 Intravenous 

albumin for 

mitigating 

hypotension and 

augmenting 

ultrafiltration 

during kidney 

replacement 

therapy

N/A American 

Society of 

Nephrolo

gy

To determine the 

effectiveness of intervenous 

albumin inusions during HD 

to maintain BP, intravascular 

volume, and increase 

unltrfiltration.  More tudies 

are needed but albumin 

infusions may improve 

patient outcomes by

minimizing fluid overload and 

limiting cardiac, kidney, and 

other organ damage caused 

by the strain of HD

Level III Meta-

analysis

N/A N/A N/A N/A HD pts 

reciveing 

albumin 

during hd 

The authors found that higher concentrations of 

albumin used during HD (during treatment or in 

priming) decreased hypotension, increased SBP, and 

aided ultrafiltration. Limitations: studies reviewed 

did not have consistant goals, procedures, or  

albumin concentration. All studes had small sample 

sizes. The cost of albumin. 

Thongdee

, C., 

Phinyo, 

P., 

Patumano

nd, J., 

Satirapoj, 

B., Spilles, 

N., 

Laonapap

orn, B., 

Tantiyava

rong, P., 

& 

Tasanaro

ng, A. 

2020 Ultrafiltration rates 

and intradialytic 

hypotension: A 

case–control 

sampling of pooled 

haemodialysis data

N/A Journal 

of Renal 

Care

No nore than 12 ml/kg/h in 

Asian populations to reduce 

the risk of intradialytic 

hypotension. If a higher rate 

of fluid removal is indicated, 

UFR could be modified as 

appropriate. However, 

nephrologists should avoid 

prescribing a fluid removal 

rate of >16 ml/kg/h as the risk 

of hypotension surges at this 

UFR level.

Level III case 

control study 

UF rates in HD PTS 108 convience 

sample at a 

outpatient 

dialysis units

outpt HD, 

Asian, 

adult 

The aurthors goal was to identify optima 

ultrfiltration to avoid hypotension and other 

intradialytic complications. This study only made 

changes in ultrafiltration to reduce intradialytic 

hypotension; position changes or non-invasive 

hemodynamic monitoring was used to reduce 

hypotension. Limitations: small sample, 

retrospective study Usefulness: idenifying that the 

Asian population may have a lower ultrafiltration 

threshold is improtant to avoid cardiovascular strain 

and intradialytic hypotension. This work also 

supports standard dialysis patient assessment. 

Synthesis: Hypotension occurs more frequently 

with increased ultrafiltration; alternatives to 

increased ultrafiltration include lengthing HD time 

and more frequent treatments. 
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Assimon, 

M. M., 

Wenger, 

J. B., 

Wang, L., 

& Flythe, 

J. E. 

2016 Ultrafiltration rate 

and mortality in 

maintenance 

hemodialysis 

patients

N/A American 

Journal 

of Kidney 

Disease

Retrospective study to  

determine if higher 

ultrafiltration rates and 

higher mortality had an 

association in hemodialysis 

patients. When body 

weights are normalized, 

higher ultrafiltration rates 

were associated with greater 

mortality. 

Level of 

evidence III 

retrospective 

chohort study 

UF rates >13 ml/kg/hr, 

>10 ml/kg/hr, and <10 

ml/kg/hr rates of 

mortality compared 

 SAS, version 9.4 118,394 data from a 

dialysis 

provider with 

multiple 

locations 

18 years 

or older, 

received 

in-center 

HD, and 

had been 

on 

dialysis 

therapy 

for 90 

days or 

longer

The researchers found increased patient harm may 

begin at as little as 6 ml/kg/hr, but mortality 

increases and association can be made at 10 

ml/kg/hr. Mortality was conisitant when race, sex 

and comorbidities were accounted for in subgroups. 

Limitations: obsevational study with confounding 

varibles, no measurement of residual renal function, 

lack of pt labs, lack of clearence data Synthesis: fluid 

removal at high rates and lack of vascular refill 

increase mortality in the hemodialysis population 

Kuipers, 

J., 

Verboom, 

L. M., 

Ipema, K. 

J., Paans, 

W., 

Krijnen, 

W. P, 

Gaillard C. 

A., 

Westerhui

s, R., & 

Franssen, 

C. F.

2019

The Prevalence of 

Intradialytic 

Hypotension in 

Patients on 

Conventional 

Hemodialysis: A 

Systematic Review 

with Meta-

Analysis

N/A American 

Journal 

of 

Nephrolo

gy,

Intradialytic hypotensive 

events occur less frequently 

than previously reported.  

Major risk factors associated 

with intradialytic 

hypotension found within 

the  studies were diabetes, a 

higher interdialytic weight 

gain, female gender, and 

lower body weight. More 

aggressive ultrafiltration can 

be associated with 

intradialytic hypotension and 

related complications. 

Level of 

evidence II 

systematic 

review with meta-

analysis

Hypotension SBP<90, 

SBP>20 mm/hg 

linear regression model 14,883 

records in 

8 studies 

N/A records of 

adult, 

outpatient 

hemodialy

sis 

patients 

The authors found occurrence of intradialytic 

hypotension is difficult to gauge by the lack of 

definition clarity, possible level of under reporting, 

and lack of clear documentation. Risk factors for 

intradialytic hypotension include diabetes, female 

gender, and lower body weight. Limitations: 

different study definitions, under reporting, and no 

additional lab data (albumin) Usefulness: 

establishing some frequence measure of intradialytic 

hypotension Synthesis: Intradialytic hypotension 

occurs on a regular basis. Without clear 

management ans definition it is difficult for 

implement evidenced based best practice. With the 

wide range of reported intradialytic hypotension 

further study is needed  

Preciado, 

P., Zhang, 

H., 

Thijssen, 

S., 

Kooman, 

J. P., van 

der Sande, 

F., & 

Kotanko, 

P

2018 All-cause mortality 

in relation to 

changes in relative 

blood volume 

during 

hemodialysis

N/A Nephrolo

gy 

Dialysis 

Transpla

nt

Ultrafiltration with relative 

blood volume monitioring 

that shows vascular refill 

have increased survival. 

Mortailty increased for large 

interdialytic weight gains. 

Post hemodialysis 

hyper/hypotension could be 

associated with relative 

blood volume out of set 

range. Relative blood volume 

monitoring kept within a 

specifi range decreases 

mortality

Level III 

observational 

retrospective 

study

Relative blood volume 

profile, SBP monitoring

Cox proportional hazards 

models for survival analysis.

842 treatment 

records from 

17 outpatient 

hemodailysis 

units 

adult, at 

least 10 

hemodialy

sis 

treatment 

history, 

outpatient

, treatment 

>200min

This study asserts that monitoring and managing 

relative blood volume during each hemodialysis 

treatment does improve outcomes. Mortality risk can 

be decreased by monitoring relative blood volume, 

avioding hypotension, limiting interdialytic weight 

gain, and overaggressive fluid removal during 

hemodailysis. The qualitative relative blood volume 

trend is far easier to use dueing outpatient 

hemodialysis than the most accurate equation. 

Limitations: retrospective and observational nature, 

no measure of residual renal function Synthesis: 

Relative blood volume monitoring decreases 

hypotensive events and decreases morality when 

treatment adjustments are made. Usefulness: asserts 

that the technology for the project is support during 

hemodailysis in the outpatient setting   

Morfin, J. 

A., Fluck, 

R. J., 

Weinhand

l, E. D., 

Kansal, S., 

McCullou

gh, P. A., 

& 

Komenda, 

P. 

2016 Intensive 

hemodialysis and 

treatment 

complications and 

tolerability

N/A American 

Journal 

of Kidney 

Diseases

Hemodialysis on a more 

frequent and/or less 

aggressive schedule can 

decrease intradialytic 

complications, reduce 

hemodialysis recovery time, 

decrease mycardial 

shunnting, and may reduce 

the need for antihypertensive 

therapy. Aggressive long 

term hemodialysis outcomes 

are poor. 

Level III 

systemaic 

review 

Frequence, duration, 

and timing of 

hemodialysis 

N/A N/A N/A all studies 

focused 

on adult 

hemodialy

sis 

patients 

The authors foud that short, aggressive 

hemodialysis treatments have a negative effect on 

CV status, increase complications, and have a 

negative effect on quality of life due to the increased 

recovery time. Longer or more frequent hemodialysis 

decreases intradialytic complications, decreases anti-

hypertensive medication burden, and more closly 

aligns with normal renal function Limitations: lack of 

RCT Synthesis: slower and/or more frequent 

hemodialysis decreses intra and post hemodialysis 

comlications. This can increase life expectancy, 

decreased medicat cost, and improve quality of life. 

Usefulness: creates association between 

conventional hemodialysis without relative blood 

volume monitoring, aggressive dialysis schedule, 

increased ultrfiltration, decreased quality of life, and 

intradialyic complications. 
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Appendix C  

Iowa Model-Revised  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

From “Iowa Model of evidence-based practice: Revisions and validation,” by K. C. Buckwalter, L. Cullen, K. Hanrahan, C. 

Kleiber, A. M.  McCarthy, B. Rakel, V. Steelman, T. Tripp-Reimer, & S. Tucker, 2017, Worldviews on Evidenced-Based 

Nursing, 14(3), 175-182, (https://doi.org/10.1111/wvn.12223). 

 

 

 

 

 

 

 

https://doi.org/10.1111/wvn.12223
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Appendix D  

Project Timeline  
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Appendix E  

Provider Education PowerPoint  
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Appendix F 

Nursing Education Tool 
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Appendix G 

Estimated Project Budget  

Department  Hours  Hourly rate (estimated) Total 

Nursing  
Hours spent in-servicing 
hemodialysis nurses and 
certified clinical 
hemodialysis technicians  

11 $40 per hour  $440 

Provider  
Hours spent in-servicing 
nephrologist and advanced 
practice providers on use of 
the modified order set  

5 $80 per hour  $400 

Physician support  
Formal and informal 
meetings and support 
activities provided by the 
site champion during the 
project  

15 $100 per hour  $1500 

Biomedical  
Machine diagnostics, repair, 
ordering of supplies, and 
email communication about 
hemodialysis machines  

7 $35 per hour  $245 

Information technology 
Time for modification of the 
hemodialysis order set, 
testing on the proof-of-
concept area, and addition 
of rows in the pre and post 
hemodialysis flowsheets  

20 $50 per hour  $1,000 

Printing  
Lamination of pages for the 
educational bulletin board 
and color printing for all 
project materials  

 N/A $170 

Project team  
Time for project activities 
including research, QI 
approval process, 
collaborating, emailing, 
education, and data 
collection 

300 est.  $40 per hour  $12,000 
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Appendix H 

Weekly Treatment Data 

Table 1 

 

 

 

 

 

 

 

 

 

 

 

 

Weekly Treatment Data 

Pre-

Implementation 

Week

Not 

Documented A B C

Adverse 

Event

Total 

Treatments

Not 

Documented A  B  C

1 36 15 32 1 84 42.86% 17.86% 38.10% 1.19%

2 44 18 17 1 80 55.00% 22.50% 21.25% 1.25%

3 42 26 11 1 80 52.50% 32.50% 13.75% 1.25%

4 38 22 14 0 1 74 51.35% 29.73% 18.92% 0.00%

Total 160 81 74 3 1 318

 Implementation 

Week

Not 

Documented A B C

Adverse 

Event

Modified 

Order Set 

Use

Total 

Treatments

Not 

Documented

A  B  C

% of order set usage 

1 14 27 21 1 1 44 63 22.22% 42.86% 33.33% 1.59% 69.84%

2 12 36 30 2 46 80 15.00% 45.00% 37.50% 2.50% 57.50%

3 21 30 32 2 3 56 85 24.71% 35.29% 37.65% 2.35% 65.88%

4 10 27 41 4 57 82 12.20% 32.93% 50.00% 4.88% 69.51%

5 4 14 31 1 1 44 60 6.67% 23.33% 51.67% 1.67% 73.33%

6 2 29 24 0 45 55 3.64% 52.73% 43.64% 0.00% 81.82%

Total 63 163 179 10 5 292 425

Profile

Profile

Profile

Profile
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Appendix I 

Doctor of Nursing Practice Essentials 

 Description Demonstration of  Knowledge 

Essential I 

Scientific 

Underpinning 

for Practice 

Competency – Analyzes and uses information to 

develop practice 

Competency -Integrates knowledge from humanities and 

science into context of nursing 

Competency -Translates research to improve practice 

Competency -Integrates research, theory, and practice to 

develop new approaches toward improved practice and 

outcomes 

Identification of the need to use 

existing Crit-line equipment into 

daily hemodialysis treatments to 

improve patient care.  

 

Used existing research and current 

practice to modify the existing 

hemodialysis order set to enhance 

ultrafiltration and decrease 

intradialytic complications. 

 

Essential II 

Organizational 

& Systems 

Leadership for 

Quality 

Improvement & 

Systems 

Thinking 

Competency –Develops and evaluates practice based on 

science and integrates policy and humanities 

Competency –Assumes and ensures accountability for 

quality care and patient safety 

Competency -Demonstrates critical and reflective 

thinking 

Competency -Advocates for improved quality, access, 

and cost of health care; monitors costs and budgets 

Competency -Develops and implements innovations 

incorporating principles of change 

Competency - Effectively communicates practice 

knowledge in writing and orally to improve quality 

Competency - Develops and evaluates strategies to 

manage ethical dilemmas in patient care and within 

health care delivery systems 

 

Inception of a quality improvement 

project that focuses on an identified 

gap in care at the project site. 

Incorporated current Medicare 

guidelines to create order set 

modifications.  

 

Improved utilization of resources and 

decreased cost by improving 

objective measure of vascular refill 

increasing patients that reach a 

euvolemic state.  

 

Monitored project associated costs 

and time utilized to fulfill project 

task and responsibilities. 

   
Essential III 

Clinical 

Scholarship & 

Analytical 

Methods for 

Evidence-Based 

Practice 

Competency - Critically analyzes literature to determine 

best practices 

Competency - Implements evaluation processes to 

measure process and patient outcomes 

Competency - Designs and implements quality 

improvement strategies to promote safety, efficiency, and 

equitable quality care for patients 

Competency - Applies knowledge to develop practice 

guidelines 

Competency - Uses informatics to identify, analyze, and 

predict best practice and patient outcomes 

Competency - Collaborate in research and disseminate 

findings 

 

Use of current best evidence in the 

literature to use volume management 

to reduce blood pressure and 

complications related to unbalanced 

fluid status.  

 

Used the Iowa Model-Revise to 

implement, evaluate project progress 

weekly, and modify implementation 

as needed.  

 

Incorporated best evidence and 

physician input to formulate safety 

parameters for the order set 

modifications.  

 

Collaborated with multiple 

professionals from multiple 

organizations to disseminate project 

processes and results.  
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Essential IV 

Information 

Systems – 

Technology & 

Patient Care 

Technology for 

the Improvement 

& 

Transformation 

of Health Care 

Competency - Design/select and utilize software to 

analyze practice and consumer information systems that 

can improve the delivery & quality of care 

Competency - Analyze and operationalize patient care 

technologies 

Competency - Evaluate technology regarding ethics, 

efficiency and accuracy 

Competency - Evaluates systems of care using health 

information technologies 

 

Used multiple software programs and 

two electronic medical records to 

design and implement this quality 

improvement project. 

 

Analyzed benefits and barriers 

associated with data collection using 

two electronic medical records.  

 

Worked to facilitate a report that 

would streamline data collection and 

limit entry into the patient’s medical 

record. 

 

 Description Demonstration of Knowledge 

Essential V 

Health Care 

Policy of 

Advocacy in 

Health Care 

Competency- Analyzes health policy from the 

perspective of patients, nursing and other stakeholders 

Competency – Provides leadership in developing and 

implementing health policy 

Competency –Influences policymakers, formally and 

informally, in local and global settings 

Competency – Educates stakeholders regarding policy 

Competency – Advocates for nursing within the policy 

arena 

Competency- Participates in policy agendas that assist 

with finance, regulation and health care delivery 

Competency – Advocates for equitable and ethical 

health care 

Used Healthy People 2030 objectives 

and the Quadruple Aim arms to add 

prospective and guide project goals 

and engage stakeholders.  

 

Created order set modifications that 

align with current recommendations 

from KDOQI and met current 

inpatient regulatory standards.   

 

Created and implemented a quality 

improvement project that was 

inclusive of all patients receiving 

hemodialysis at the site and ethical 

by improving hemodialysis 

treatments with established safety 

parameters.  

 

Essential VI 

Interprofessional 

Collaboration 

for Improving 

Patient & 

Population 

Health 

Outcomes 

Competency- Uses effective collaboration and 

communication to develop and implement practice, 

policy, standards of care, and scholarship 

Competency – Provide leadership to interprofessional 

care teams 

Competency – Consult intraprofessionally and 

interprofessionally to develop systems of care in complex 

settings 

Used verbal and written forms of 

communication to develop, 

implement, and evaluate a change in 

practice for multiple stakeholders.  

 

Collaborated with multiple 

professional from multiple 

organizations to develop and 

implement the modified order set 

within an acute care facility.   

 

Essential VII 

Clinical 

Prevention & 

Population 

Health for 

Improving the 

Nation’s Health 

Competency- Integrates epidemiology, biostatistics, and 

data to facilitate individual and population health care 

delivery 

Competency – Synthesizes information & cultural 

competency to develop & use health promotion/disease 

prevention strategies to address gaps in care 

Competency – Evaluates and implements change 

strategies of models of health care delivery to improve 

quality and address diversity 

Continually used biostatistics and 

data to identify gaps in care and 

create process to improve care for 

patients receiving hemodialysis at the 

project site.  

 

Synthesized evidence and project 

site’s hemodialysis treatment data to 

identify a gap in care and create a 

project that addressed an identified 
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gap in care in a culturally competent 

manner.  

  
Essential VIII 

Advanced 

Nursing Practice 

Competency- Melds diversity & cultural sensitivity to 

conduct systematic assessment of health parameters in 

varied settings 

Competency – Design, implement & evaluate nursing 

interventions to promote quality 

Competency – Develop & maintain patient relationships 

Competency –Demonstrate advanced clinical judgment 

and systematic thoughts to improve patient outcomes 

Competency – Mentor and support fellow nurses 

Competency- Provide support for individuals and 

systems experiencing change and transitions 

Competency –Use systems analysis to evaluate practice 

efficiency, care delivery, fiscal responsibility, ethical 

responsibility, and quality outcomes measures 

Created, implemented, and evaluated 

a quality improvement project that 

increased nursing autonomy to make 

interventions to improve patient care 

during hemodialysis.  

 

Provided education and on-site 

support to nursing staff in group and 

one-on-one settings to improve 

objective clinical judgement during 

hemodialysis.   

 

Used multiple forms of verbal and 

written communication to provide 

mentorship.  
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Appendix J 

Project Poster 

 

 


