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Abstract 

There are more than 2 million end stage renal disease (ESRD) patients in the world. 

ESRD is becoming more manageable with the advent of competent therapies such as 

peritoneal dialysis (PD) and hemodialysis (HD). While recent evidence suggests that 

switching from PD to HD may preserve residual renal function longer than either PD or 

HD alone as an alternative approach, little is known about the optimal timing and the 

long-term efficacy of switching dialysis modes. The purpose of this quantitative 

retrospective study, based on the bio-psychosocial model, was to investigate the optimal 

timing and determinants of the effectiveness of switching dialysis modes from PD to HD. 

Data were extracted from a national database of ESRD dialysis patients. The Kaplan-

Meier survival curve and the log-rank test were used to determine the effect of optimal 

dialysis time for switching from PD to HD on ESRD patient’s survival and mortality. The 

results showed the optimal duration for switching dialysis modalities was 9 months where 

patients had a 90% survival rate after switching. ESRD patients taking more than 24 

months to switch modes had the highest loss of renal function. Also, patients between 40 

and 80 years of age were at a significantly higher hazard of renal function loss than 

patients younger than 40 years of age. It was concluded that timely switching of dialysis 

mode from PD to HD increases survival in ESRD patients. Younger patients have better 

survival rates in peritoneal dialysis modality than older patients. Moreover, females 

switching from PD to HD have better survival rates than males. The positive social 

change implications of this study may help raise awareness to the importance of optimal 

timing when switching dialysis modalities for improved survival and quality of life.
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Chapter 1: Introduction to the Study 

Introduction 

End stage renal disease (ESRD) is the permanent failure of the kidneys either 

slowly over time or suddenly (Santoro et al., 2013). The sole treatment of ESRD is renal 

replacement therapy (RRT) which includes transplantation, peritoneal dialysis (PD) or 

hemodialysis (HD) (Stephen et al., 2014). Most ESRD patients prefer having a kidney 

transplant but this is greatly hindered by an insufficient supply of  donor organs (Stephen 

et al., 2014). The National Kidney Foundation (2016) estimated that the prevalence of 

ESRD in the world is on rise with USA having 660, 000 cases in 2015 from 173,000 

cases in 2013. The United States Renal System (2013) made a global comparison of 

ESRD prevalence. In the survey, more than 70% of the sampled countries reported to 

have at least 80% of ESRD patients on HD while 17% were on PD and the 3% on other 

treatment modes (The United States Renal System, 2013). 

This study used data from National Dialysis Center that has the relevant 

information needed in the study. The data from National Dialysis Center (2011) database 

showed that the population of people living with ESRD had increased from 2 million in 

2010 to 2.1 million in 2011 and will continue to increase steadily with a 6% to 7% yearly 

increase projected in the future with more than 75% of the patients undergoing dialysis.  

Technique failure has been defined in several ways in the literature. It is the 

discontinuation of dialysis mode (Quinn, Ravani, & Hochman, 2010). Technique failure 

is any change from PD to HD for at least 30 days (Shen, Mitani, Saxena, Goldstein, & 

Winkelmayer, 2012) or a permanent change to HD (Descœudres et al., 2008). These 
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varied definitions can lead to differences in the reported risk of technique failure as well 

as inconsistencies between countries or programs (Quinn et al., 2010). In this study, 

technique failure is defined as switching from PD to HD within a period of 6 months.  

There are factors playing a role in the success or failure of ESRD treatment such 

as socio-demographic factors and financial and social support, which should be taken into 

consideration in maintaining PD (Shen et al., 2012). In a similar study, Weinhandl et al. 

(2010) found that diabetes, cardiovascular disease, and age, all play a role in survival 

rates and determination of the technique to be adopted.  However, Weinhandl et al. only 

explored HD and PD. 

Switching of dialysis modes can increase success rates when treating ESRD 

patients. Suzuki, Hoshi, Inoue, Kikuta, and Takane, (2013) sought to establish the effects 

of patient transfer from either mode of dialysis or a combination of both HD and PD. 

Patients were monitored monthly during the study. At each, visit complete blood count 

and electrolyte concentrations were measured. The findings of the study indicated that the 

sequence of beginning treatment with PD followed by a switch to HD is a valuable way 

of treating ESRD patients (Suzuki et al., 2012). The researchers suggested that patients 

who need dialysis therapy should consider the new dialysis approach of PD first and 

transfer to home HD (Suzuki et al., 2012). Similarly, Stanley (2010) and Shen et al. 

(2012) explored the efficacies of PD and HD and concluded that a well-timed transfer 

from PD to HD may enhance the survival of a patient. The researchers also added that 

technique failure is associated with socio-demographic factors (Stanley, 2010; Shen et al., 

2012). In their study, Shen et al. (2012) used a nationally representative sample of 1,587 
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US patients who had begun dialysis on PD. In this study, I utilized a larger national 

database of over 100,000 dialysis patients to evaluate the effectiveness of PD and 

switching from PD to HD. In addition, I will also seek to establish the determinants 

associated with the occurrence of dialysis technique failure. 

Background of the Study 

During dialysis, there is a possibility of loss in renal function and after loss of 

renal function PD may lead to a worse outcome than HD, whereas, a timely transfer may 

increase the long-term survival (Stanley, 2010). Pajek et al. (2014) examined if the timing 

of the switch from PD to HD affected mortality rate of patients with renal disease. They 

concluded that the timing of the switch had no significant effect on the mortality rate of 

patients. However, the limitation of their study was that they could only examine the 

effect of the timing of the switch for 4years as a result of patient mortality.    

Theofilou (2012) noted that the advantages associated with PD include preserving 

RRF (Residual Renal Function) and long, gradual, progressive ultrafiltration. The current 

study used GFR measures provided at the National Dialysis Center database for all the 

patients because GFR are routinely monitored to determine the renal function of patients. 

Data for survival times was also collected from the National Dialysis Center database. 

RRF is independently associated with endothelial dysfunction in ESRD patients on PD, 

suggesting that RRF may contribute to endothelial protection in these patients (Han et al., 

2012). The GFR at the medical database are already standards as per the guidelines 

provided by the National Kidney Foundation. Medical conditions such as diabetes and 

cardiovascular diseases are significant risk factors that contribute to the deaths of ESRD 
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patients (Pajek et al., 2014; Sud, Tangri, Pintilie, Levey, & Naimark, 2014), whereas 

demographic factors such as age and gender and presence of other health conditions play 

a role in the success of dialysis (Theofilou, 2012; Weinhandl et al., 2010). I included 

patients who began on PD first and then switched to HD in different time periods to 

examine if the timing of the switch had any impact in renal function and survival times of 

ESRD patients (Pajek et al., 2014).  

There should be increased focus to identify patients at higher risk for peritonitis 

besides evaluating the care processes and implementation of preventive strategies for 

patients switching from PD to HD (Pulliam et al., 2014). Pajek et al. (2014) found that 

peritonitis is a cause of technique failure followed by ultrafiltration failure and that when 

the successful switch to HD, which was surviving at least 60 days after technique failure, 

and timing were evaluated, no adverse effect on survival in adjusted analysis was 

revealed. 

The approach of starting PD and then switching to HD was also proposed by 

Suzuki et al. (2013) who attributed the advantages to improved preservation of RRF, 

longer survival times, and a lower occurrence of hospitalizations. Suzuki et al. (2013) 

noted that the outcomes of a dialysis approach should be evaluated against the specified 

standards provided by the National Kidney Foundation Kidney Disease Outcomes 

Quality Initiative (NKF KDOQI). The KDOQI outlines what should be carried out by 

medical practitioners, caregivers, and patients themselves to ensure that those with ESRD 

lead the best possible quality of life as they undergo treatment (Inker et al., 2014). The 

NKF KDOQI provides definition and stages of ESRD, evaluation, and treatment, 
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individuals at increased risk of ESRD. In addition it also offers evaluation of laboratory 

measurements for ESRD and estimation of GFR.  

Problem Statement 

ESRD is an economic, social, as well as medical burden. With the advent of PD 

and HD therapies, ESRD is becoming manageable (Finnegan-John & Thomas, 2012). 

Whereas both PD and HD have shown great promise (Mehrotra, Chiu, Kalantar-Zadeh, 

Bargman, & Vonesh, 2011; Yeates et al., 2012), both techniques are prone to loss of RRF 

over time, which is also impacted by co-morbidities particularly for patients on PD 

(Hoshi et al., 2006; Weinhandl et al., 2010). Recent studies by Stanley (2010), Shen et al. 

(2012), and Suzuki et al. (2012) have shown that switching from PD to HD can improve 

the renal functions of patients, but whether this translates to longer survival times has not 

yet been demonstrated. There is little data in the United States addressing the outcomes 

and factors associated with switching modalities from PD to HD (Jaar et al., 2009). A PD 

First approach not only has benefits for patients but also physicians, and healthcare 

systems (Ghaffari et al., 2013). However, the researchers did not conduct an empirical 

study; a gap which will be filled by this study by using data available in a national 

database. Pajek et al.’s (2014) findings that switching from PD to HD can improve the 

survival times of patients was inconclusive, partly because of the small sample size used. 

The study by Jaar et al. (2009) only used a sample size of 262 patients and Pulliam et al. 

(2014) used a sample size of 1,167 patients. In this study, the sample size limitations of 

previous studies were addressed by using a larger sample size to determine the optimal 
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time for switching from PD to HD and whether or not the timing influences the survival 

times of patients.  

This study utilized a sample of patient records from a national registry database of 

over 128,000 dialysis patients to examine the optimal dialysis time for switching from PD 

to HD on renal function and survival times for ESRD patients and the impact of patient 

demographic and comorbidity factors as possible modifiers.  

Purpose of the Study 

The purpose of this quantitative retrospective study was to examine whether the 

timing of the switch from PD to HD is more effective on maintaining renal function and 

survival times for ESRD patients than those on PD or HD alone. Although several studies 

have been conducted to examine the efficacy of PD and HD alone and switching from PD 

to HD, they have utilized small sample sizes which limit the generalizability of the 

findings (Creswell, 2003). Examples include studies by Suzuki et al. (2012) and Moriishi, 

Kawanishi, and Tsuchiya (2010) using data from the Australia and New Zealand dialysis 

and transplants registry involving 2,715 patients with ESRD treated with PD, HD, and 

switch to HD who used considerably smaller samples who were home based. The current 

study utilized a sample of patient records from a national registry database of over 

128,000 dialysis patients undergoing dialysis at National Dialysis Center, a dialysis 

specialized hospital dealing with hospital based patients, to examine if switching from 

PD to HD improves renal function and survival times. The researcher also explored the 

effect of independent and multivariate demographic (age and gender) and comorbidities 

(diabetes and cardiovascular (CVD)) determinants on the dependent variables.  
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Research Questions 

This study focused on examining whether the timing of the switch from PD to HD 

impacts renal function and survival times including if demographic factors such as age 

and gender, and comorbidities such as diabetes and cardiovascular disease, also impact 

both renal function and survival times for ESRD patients. The renal function was 

assessed using the GFR and the data for survival times was collected from the National 

Dialysis Center database. The Chi-square test of independence was utilized to show the 

link between cardiovascular disease, diabetes, and demographic factors (age and gender) 

and optimal dialysis time for switching from PD to HD. The study was guided by the 

following research questions: 

RQ1: Is the dialysis time for switching from PD to HD for ESRD Patients associated 

with improved renal function and survival times, when controlling for demographic and 

comorbidity patient factors? 

RQ2: Do comorbidities modify the dialysis time for switching from PD to HD for 

ESRD Patients associated with improved renal function and survival times, when 

controlling for demographic patient factors? 

RQ3: Do demographic patient factors modify the dialysis time for switching from PD 

to HD for ESRD Patients associated with improved renal function and survival times, 

when controlling for comorbidity patient factors? 
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Research Hypotheses 

Hypotheses 

H01: The timing of the switch from PD to HD does not impact renal function and 

survival times when controlling for demographic and patient factors. 

Ha1: The timing of the switch from PD to HD impacts renal function and survival 

times. 

H02: Comorbidities do not impact the dialysis time of switching from PD to HD when 

controlling for demographic patient factors. 

Ha2: Comorbidities impact the dialysis time of switching from PD to HD when 

controlling for demographic patient factors 

H03: Demographic factors do not impact the dialysis time of switching from PD to 

HD when controlling for comorbidity patient factors. 

Ha3: Demographic factors impact the dialysis time of switching from PD to HD when 

controlling for comorbidity patient factors? 

Theoretical Framework 

This study utilized the bio-psychosocial model. The model helps to explain the 

interplay between social, physical, and environmental factors (Janowski, 2009). In this 

study, the use of the bio-psychosocial model enabled me to study the interplay between 

social factors such as sex, age, and comorbidities of ESRD patients and the influence of 

these factors on the various modalities used in treatment. The model allowed me to study 

the interplay between the treatment modalities of HD, PD, the switching from PD to HD, 

and any changes in renal function and survival times of ESRD patients. 
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Social factors affecting the interplay between the treatment modalities of HD, PD, 

or the transition from PD to HD and renal function of ESRD patients in the methodology 

were examined through quantitative methods of research. These factors included sex, age, 

and comorbidities of ESRD patients. Determining the optimal time to switch from PD to 

HD helped to guide best practices for ESRD dialysis protocols, guide on the effectiveness 

of the dialysis technique, and improve the patient outcomes.  

Nature of the Study 

The study used a quantitative retrospective research design and used a sample of 

available cases in the database to allow for data collection process. A quantitative 

research method is the collection and manipulation of numerical data with an aim of 

meaningfully describing the phenomenon that the data represent (Creswell, 2009). I used 

case control in order to be consistent with the research questions and how the study was 

conceptualized, as it determined whether the timing of the switching from PD to HD 

significantly improved renal function and survival times for ESRD patients compared to 

either PD or HD alone.   

The study sought to evaluate if the timing of switching from PD to HD 

significantly improves renal function and survival times in ESRD patients. By using case 

control, I was able to compare changes in renal function from one group of patients 

(PD/HD with and without diabetes and cardiovascular diseases) with another group of 

patients who switched from PD to HD. Renal function was measured by use of the 

glomerular filtration rate (GFR). An estimated GFR (eGFR) calculated from serum 

creatinine (Scr) using the IDMS-traceable Modification of Diet in Renal Disease 
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(MDRD) formula GFR (mL/min/1.73 m2) = 175 x (Scr)-1.154 x (Age)-0.203 x (0.742 if 

female) x (1.212 if African American) (conventional units) (National Kidney Foundation, 

2014). It is worth noting that this IDMS-traceable MDRD study equation calculator is for 

use with Scr reported in mg/dL. The equation does not require weight because the results 

are reported normalized to 1.73 m2 body surface area, which is an accepted average adult 

surface area. The study used the calculated GFR measure stored in the National Dialysis 

Center database for all the patients which is a standardized measure per the guidelines 

provided by the National Kidney foundation (National Kidney Foundation, 2014). The 

RRF is calculated using 24-h urine collections by determining the mean of creatinine and 

urea clearance. The clearance rate is then normalized to a body surface area of 1.73 m2 

(Nongnuch, Assanatham, Panorchan, & Davenport, 2015). 

To analyze Research Question 1, the patients were grouped into clusters of the 

same timing for switchers switching from PD to HD, same gender, those with diabetes, 

same age, and cardiovascular diseases. I used a sample of the available data in the 

database of National Dialysis Center where the data was categorized into patients on PD, 

HD, and PD to HD and assessed whether the factors stated above had significant 

relationships or differences among themselves. The inclusion criteria of the sample was 

ESRD patients who are on PD, HD, and PD to HD, 20 years old and above, with 

comorbidities of diabetes and/or cardiovascular disease (CVD). The samples not 

matching these criteria were excluded from the study. The optimal dialysis time was 

determined by assessing the average number of months taken by ESRD patients to switch 

from PD to HD after having undergone dialysis for at least 6 months under PD dialysis 
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modality. To explore the effect of comorbidities on patient’s survival and renal function 

after undergoing switch from PD to HD, Cox-proportional hazards regressions were used. 

In the model, a positive regression coefficient for an explanatory variable implies that the 

hazard is higher, and thus the diagnosis worse (Zhao et al., 2014). Alternatively, a 

negative regression coefficient shows that there is a better diagnosis for patients with 

higher tenets of that variable. 

To assess the Research Questions 2 and 3, patients were grouped into clusters 

based on the timing of the switch from PD to HD. The Cox model (Schoenfeld residuals) 

was used in order to isolate the effect of timing of the switch from PD to HD on renal 

functioning (Pajek et al., 2014). This was achieved by having different strata with 

different baseline hazard functions that denote how the risk of event per time unit varies 

over time at baseline levels of covariate and the effect variables denoting how the hazard 

changes in response to explanatory covariates. Also, there was a group of patients with 

diabetes and without diabetes, and another group with cardiovascular diseases and 

without cardiovascular diseases for PD, HD alone, and those who started on PD then 

switched to HD after 6 months. The exact number of patients was not known until when 

the researcher started using the database but each group was assigned at least 1,200 

patients to ensure that the population sample size was appropriate and representative. I 

ensured the patients to be sampled were selected and spread across age groups below 20, 

20-30, 31-40, 41-50, 51-60, 61-70, and above 70. 

To address Research Questions 2 and 3, I analyzed whether the dialysis time of 

switching from PD to HD changed due to comorbidities such as cardiovascular disease 
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and diabetes and demographic factors such as age and gender. Multiple linear regressions 

and the biologically consistent Cochran Maentel Haenzsel test which is relevant and 

accurate with regard to the topic was used to assess the association between different 

factors and the switch from PD to HD across the different groups of patients (Schmidt & 

Kohlman, 2008). The multiple linear regression analysis was used to determine the 

impact of the independent variables of comorbidities such as cardiovascular disease and 

diabetes, and demographic factors such as age and gender to the dialysis time of 

switching from PD to HD. The effects of the different independent variables to the 

dependent variable were analyzed in a single regression model in order to compare the 

effects of the different independent variables. A level of significance value of 0.05 was 

used in order to determine the statistical significance of relationships in the regression 

analysis (Ziliak & McCloskey, 2013). A statistically significant impact by the 

independent variables to dependent variables was determined if the p-value of the 

regression was less than or equal to the level of significance value. If the p-value of the 

parameter estimate was significant at the 0.05 significance level, the null hypothesis was 

rejected, which implied that there would be a statistically significant impact by the 

independent variable to the dependent variable Then, the beta coefficient of the 

regression was investigated to determine how strongly the independent variable impacts 

with the dependent variable. A positive regression coefficient means a positive 

relationship indicating that the dependent variable increases as the independent variable 

increases (Chvostekova, 2013). A negative regression coefficient means a negative 

relationship indicating that the dependent variable decreases as the independent variable 
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increases (Chvostekova, 2013). The study based on the quantitave retrospective 

methodology focused on assessing the effectiveness of switching from PD to HD on 

patient’s survival and improving the residual renal function. The residual renal function 

was measured by glomerular filtration rate and assessed among group of patients in 

PD/HD and patients switching from PD to HD. Three research questions were developed 

to help evaluate the effectiveness of switching dialysis modalities. The Kaplan Meir tests, 

cox proportional hazard regression models and the Cochran Mantel Haesnzel models 

were used to test the hypotheses.   

Ethical Considerations 

The information retrieved from the data source, the Frenious Medical Care 

Facility database, was treated with high level of secrecy and confidentiality and was not 

divulged to any party or used for any other purpose apart for this research. The research 

was conducted in manner that upholds ethics of participants by ensuring their integrity, 

confidentiality, privacy, and seeking of consent (Check, Wolf, Dame, & Beskow, 2014).  

Definition of Terms 

A Peritoneal Equilibrium Test (PET). This is a test that was developed by 

Twardowski et al (1987) and is the commonly adopted test for determining peritoneal 

transport in PD patients. Glucose 2.27%/2.5% dialysate and a 4-h dwell are adopted 

during the test (citation). The test involves sampling and measuring protein, dialysate, 

serum, and low-molecular-weight solutes such as glucose, creatinine, and sodium among 

others (Struijk, 2008). 
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Encapsulating Peritoneal Sclerosis (EPS). This is a serious complication in PD 

patients and is characterized with symptoms such as obstructive ileus and varying levels 

of systemic inflammatory reaction, peritoneal thickening and encapsulation, cocooning, 

and obstruction of the intestines (Kawanishi & Moriishi, 2007). 

End Stage Renal Disease (ESRD). ESRD is a progressive permanent failure in 

renal function which affects’ the body’s capability to maintain fluid, metabolic and 

electrolyte balance resulting in retention of toxic wastes in the body (Santoro et al., 

2013). The most common reasons for failure are high blood pressure (hypertension) and 

diabetes which affect blood vessels over time and damage the kidney filters (American 

Nephrology Nurses Association, 2011). ESRD can also be caused by birth defects which 

affect blockages of urine flow, nephron infection, and trauma due to accidents (American 

Nephrology Nurses Association, 2011).  

Hemodialysis. This is one of the ESRD treating modes where toxins are removed 

and excess fluid through extracorporeal circulation of blood via artificial kidney or a 

dialyzer (Carolinas health care system, n.d). Toxins and other waste product pass through 

the membrane and are washed away but the filtering holes do not allow blood cells to 

pass due to their size (Carolinas health care system, n.d). The treatment is performed in 3 

to 4 hour sessions thrice weekly predominantly as center hemodialysis in hospitals or 

freestanding dialysis units (Carolinas health care system, n.d). In this case, the dialyzers 

are reprocessed and patient may re-use them several times (Carolinas health care system, 

n.d). If the patient and an assistant undergo training, the treatment may be performed at 

home (Carolinas health care system, n.d). 
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Peritoneal dialysis (PD). Peritoneal dialysis is a treatment for ESRD that uses the 

peritoneal membrane as an alternative to the dialyzer or artificial kidney (Carolinas health 

care system, n.d). The process requires the insertion of a catheter into the abdominal wall 

and recurring and installation and removal of sterile dialysate (Carolinas health care 

system, n.d). Toxins move from the plasma to the dialysate because of concentration 

gradients (Carolinas health care system, n.d). Toxins, having a slightly different 

concentration than dialysate, are removed as the dialysate is drained (Carolinas health 

care system, n.d). Fluid removal is through osmotic ultrafiltration by means of hypertonic 

dialysate solutions (Carolinas health care system, n.d). The two commonly variations of 

PD available are continuous ambulatory peritoneal dialysis (CAPD) and continuous 

cycling peritoneal dialysis (CCPD) (Carolinas health care system, n.d). 

Renal function. This is how efficient kidneys filter blood (National Kidney 

Foundation, 2014). This efficiency can be indicated by use GFR (National Kidney 

Foundation, 2014). Residual renal function is the urinary clearance of urea and creatinine 

(National Kidney Foundation, 2014). Marron, Remon, Perez-Fontan, Quiros, and Ortis 

(2008) defined RRF as the residual GFR among individuals suffering from ESRD. GFR 

is the generally accepted index for determining kidney function (Thomas & Thomas, 

2009). 

Assumptions of the Study 

During this study, I assumed that the data collected was accurate in both storage 

and recording by medical practitioners.  Further, it was assumed that the equipment used 

and the efficiency of the nurses or physicians did not affect the data on efficacy of the 
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two treatment modalities of PD and switching from PD to HD. Any errors from the 

medical team could cause death of a patient and thus, affect the results of the study. 

Psychological effects play a part in one’s healing and I assumed that this did not affect 

the success of the dialysis. Health lifestyles, like diet, also influenced the success rate of 

remedy but this was assumed to play no significant role in this study. I also assumed that 

innate traits of patients did not have an effect in dialysis outcome. Arguably, health 

literacy has an effect in using prescribed treatment and adhering to medical instructions. I 

assumed health literacy did not play a role in dialysis outcome. 

Scope and Delimitation of the Study 

The research problem was to establish the effectiveness of PD alone, switching 

from PD to HD (after six to 12 months) as well as establish whether social factors (age 

and gender) and medical conditions (diabetes and cardiovascular disease) play a role in 

improved renal function. The efficacy of switching from PD to HD can only be 

established by comparing with the GFR scores of PD and after switching to HD. This 

objective was achieved by use of the discussed research design and consequent data 

collection and analysis.  

In line with the study objectives, the efficiency of HD, PD, and switching from 

PD to HD affects a patient’s life, which could result in mortality (Suzuki et al., 2012). 

Further, the success of the methods is affected by social factors (such as age and gender) 

and the presence of diseases (diabetes and cardiovascular disease). This shows that there 

is a causal effect relationship between method used and mortality, social factors, and 

other diseases. The scope for this study was to establish causal effect relationships. The 
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analysis of efficacy of separate methods facilitated the comparison with the effect of 

switching from PD to HD to answer the research questions. The capture of social 

economic data helped the researcher to determine their role in the technique failure.  

The population target of the study was ESRD patients whose data has been 

captured by National Dialysis Center database. The data included ESRD patients with 

diabetes and cardiovascular disease. I believe that the characteristics of this ESRD 

patients captured represented the big picture of other ESRD patients and enabled the 

researcher to draw a generalized conclusion. 

Limitations of the Study 

The use of secondary method of data collection poses challenges and eventually 

affects validity of the research outcomes. In many cases, it becomes difficult to trace data 

from databases (Vartanian, 2010). I used key search terms to locate data from the 

National Dialysis Center database. The main limitation of secondary data is that the data 

may be general and vague according to what the researcher needs (Vartanian, 2010). The 

researcher is forced to make decisions based on assumptions and unsupported evidence 

which may lead to incorrect conclusions (Vartanian, 2010). The general sources of 

information in a research may dilute the whole research process unnecessarily as the 

decisions made from that specific research might lead to affecting wrong information. 

To add on the limitations of secondary data, Whiteside, Mills, and Mccalman 

(2012) argued that available data may be too little to generate all the information required 

to come up with a concrete stand on the decision to make. To correct these limitations of 

secondary data, I employed key search terms to locate data from the National Dialysis 
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Center database. These facilities have large amounts of information which is well 

researched on and accurate besides being most current. 

Significance of the Study 

The objective of this study was to examine whether the timing of the switch from 

PD to HD is more effective on maintaining renal function than PD or HD alone, having 

accounted for demographic factors such as age, gender and co-morbidities such as 

diabetes, cardiovascular disease (CVD). Diabetes and CVD are the most diseases present 

among dialysis patients that contribute to the highest cases of mortalities (Pajek et al., 

2014; Palmore et al., 2014; Sud et al., 2014).  

The social change implication of this study is that the findings could help patients 

and medical practitioners make an evidence-based decision on the optimal course of 

dialysis with the greatest likelihood of success. In addition, the timing of the switch from 

PD to HD has not been well studied and could help raise awareness to the importance of 

considering the temporal relationship when patients should switch dialysis techniques for 

optimal survival and quality of life. 

The finding of this study could aid in the decision-making process of patients and 

medical practitioners when evaluating for the best treatment. Moreover, it could also fill 

in a gap in the literature about the effectiveness of the switch from PD to HD. 

Summary 

ESRD patients receive treatment of PD, HD or the switching from PD to HD 

(Suzuki et al., 2012). PD and HD have different success rates across a cohort of patients 

with notably age, gender, and other conditions such as diabetes and CVD (Weinhandl et 
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al., 2010; Shen et al., 2012; Suzuki et al., 2012). Most researchers believe that patients on 

PD are more likely to have cognitive dysfunction than patients on HD with same 

characteristics (Hoshi et al., 2006). On the same issue, elderly patients receiving HD have 

greater probability of intradialysis hypotension (Stefánsson et al. 2014). Research 

findings indicated that beginning treatment with PD then followed by combining HD and 

PD is a varied way of treating patients with ESRD (Suzuki et al., 2013; Pajek et al., 

2014). However, these studies are limited in given the small sample size used. As such, I 

used a national database of 128,000 dialysis patients from National Dialysis Center to 

evaluate the effectiveness of each dialysis mode independently. I also examined 

effectiveness of switching from PD to HD as well as identified determinants associated 

with the level of dialysis technique failure 

To cater for the knowledge gaps among patients, this study provided more insight 

to the effectiveness of switching from PD to HD and in managing patients with ESRD. 

The study also sought whether social factors and medical conditions influence technique 

failure and any changes in renal function of patients with ESRD. Through my research, I 

discovered the importance of first gaining knowledge when making decisions regarding 

optimal renal replacement therapy. 

The study used a quantitative research design. The main aim of the study was to 

discover factors affecting an outcome, understanding the higher contributors in the 

outcome, discovering any interventions, and making predictions. Secondary data was 

used in this study. It has an advantage of cost effectiveness but posed limitations such as 

it was general data without detail, most of the data sources were outdated, and the data 
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accuracy could not be confirmed. The data limitations were minimized by employing key 

search terms to locate data from the National Dialysis Center database. These source 

databases are very popular due to their accuracy, up-to-date and large cohort size. The 

study, with regard to the increase and projected future increase of patients with ESRD 

worldwide, will have significance as its findings added to the literature available on the 

PD, HD, and switching from PD to HD modes of dialysis and further effects of social 

effects such as age and sex in its success.  

This chapter has developed the problem statement, scope, and purpose of the 

study which will be built on in chapter two wherein the literature review, theoretical 

foundation, and literature of the rationale of the conceptual model covered was provided. 

Moreover, the literature review related to key variables and concepts developed in this 

chapter are discussed in more detail in Chapter two.  
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Chapter 2: Literature Review 

Introduction 

There are more than 2 million ESRD patients in the world with 660,000 being in 

USA (National Kidney Foundation, 2016). With the advent of PD and HD therapies, 

ESRD is becoming manageable. Regardless of the dialysis modality used, preservation of 

RRF is associated with an increased survival in dialysis patients whereas technique 

failure leads to a rapid loss of RRF (Hoshi et al., 2006; Shen et al., 2012). Recent 

evidence by Stanley (2010), Shen et al. (2012), and Suzuki et al. (2012) suggested that 

switching from PD to HD may preserve RRF longer than either modality alone. Several 

studies have tried to identify predictors of technique failure and switching technique 

success but the results have been limited by the size and scope of available dialysis 

patients (Shen et al., 2012; Suzuki et al., 2012). In this study, I used  a national database 

of over 128,000 dialysis patients to evaluate whether the timing of the switch from PD to 

HD is more effective on maintaining renal function than PD or HD alone. Additional 

variables of interest such as demographic factors (age, gender) and comorbidities 

(diabetes, cardiovascular disease) significantly improve renal function and survival times 

for ESRD patients compared to either PD or HD alone. Comorbidities in ESRD patients 

have been discussed to comprise of diabetes, hypertension, cardiovascular diseases, and 

anemia, among others (Zha & Qian, 2017). However, the comorbidities of interest in my 

study were diabetes and hypertension. 

According to the National Kidney Foundation (2014), RRF is an indication how 

efficiently kidneys filter blood. This efficiency can be indicated by a number of ways, 
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such as use of GFR. The GFR is measured in mL/min and is usually standardized to a 

body surface area of 1.73 m2 (National Kidney Foundation 2014). For an adult aged 20-

29 the normal GFR is 116 and it decreases as age increases to normal GFR of 75 for 

those aged 75 and above (National Kidney Foundation, 2014). A number of factors such 

as age, gender, height weight, and race affect GFR given the differences in mass muscle 

(National Kidney Foundation, 2014). As such, there are different measures that are based 

on the named factors. 

PD and HD are the most common modes of intervention in treatment of ESRD 

patients. Both modes of treatment have different advantages and disadvantages and 

impact on a patient’s physical, psychological and social health differently (Sam, Kovacic, 

Radic, Ljutic, & Jelicic, 2012). Well-nourished and medically stable patients on PD are 

more likely to have cognitive dysfunction than patients on HD with same characteristics 

(Sam et al., 2012). Elderly patients receiving HD have a higher probability of 

intradialysis hypotension (Sam et al., 2012). The choice of dialysis mode is influenced by 

a number of factors including financial capability of patient and the opinion of physician 

(Abraham et al., 2012). Recent studies have indicated that socio-demographic factors and 

presence of other diseases play a role in the success of dialysis. Age, for instance, is a 

major contributor to the success of dialysis (de Melo et al., 2016; Franco & Fernandes, 

2013). Theofilou (2012) noted that there are different score systems for kidney disease 

quality of life (KDQOL) based on age, occupation, gender, marital status, and 

educational level. McDonald, Marshall, Johnson, and Polkinghorne (2009) revealed that 

HD increases survival rates in older patients while PD increases survival rates in younger 



23 

 

patients. A similar study was conducted by Weinhandl et al. (2010), who demonstrated 

that PD plays a critical role in enhancing the survival rate of patients less than 65 years. 

New patients suffering from ESRD who select PD as their initial intervention strategy, 

are likely to be younger when compared with those starting with HD (Weinhandl et al., 

2010). There are similar findings by Shen et al. (2012) who noted that socio-demographic 

such as age,  gender, and presence of other diseases such as diabetes and CVD play a role 

in the success of dialysis treatment of patients. 

Studies have been conducted to examine the influence of chronic diseases on 

technique failure. Shahab, Khana, and Nolph (2006) found out that ESRD patients with 

coronary artery disease have a higher mortality rate irrespective of their diabetic status in 

PD and HD. In another study, there was no difference in survival rate of ESRD patients 

with CVD in both PD and HD (Shahab et al., 2006). Considering the advantages and 

differences in efficacies, PD and HD can be used in an integrated mode, whereas PD is 

usually followed by a timely change to HD once complications arise (Shahab et al. 2006). 

The researchers concluded that management of conventional and uremia-related 

cardiovascular risk factors are essential in patients with ESRD regardless of the dialysis 

mode used (Shahab et al. 2006). 

Past studies have only explored technique failure without focusing on switching. 

Stanley (2010) conducted a study to investigate the contribution of geographic factors, 

pre-ESRD, social, medical, and demographic factors to modality assignment of new 

patients suffering from ESRD. Information for Stanley’s study was gathered from 

morbidity and mortality Wave 2 studies. The findings of this study demonstrated that the 
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selection of PD as opposed to HD was linked with lower serum albumin, fewer 

comorbidity conditions, white race, as well as young age (Stanley, 2010). Additionally, 

the study found out that patients living with someone, married, employed, and more 

highly educated were more likely to use PD as opposed to HD (Stanley, 2010). 

Balafa et al. (2011) conducted an albumin test to examine whether protein and 

peritoneal albumin losses play an integral role in technique failure. Individuals 

undergoing PD took part in their study. Their findings indicated that protein and 

peritoneal albumin losses does not influence technique failure (Balafa et al., 2011). Yu, 

Chen, and Li (2013) conducted a study to test whether or not hypoalbuminemia play an 

integral role in PD and HD technique failure. The findings of their study indicated that 

hypoalbuminemia increases complication in patients undergoing both PD and HD (Yu et 

al., 2013). Among ESRD patients, my study provides insight into the importance of 

switching from PD to HD dialysis on hospital based patients. I also intend to expand the 

knowledge on how social-demographic factors (age and gender) and medical conditions 

(diabetes and CVD) influence technique failure and renal function of ESRD patients.  

One of the central objectives of my study was to examine whether the timing of 

the switch from PD to HD is more effective on maintaining renal function than PD or HD 

alone. The purpose of this chapter is to provide a review of related literature that would 

serve as the basis for a framework for subsequent data collection and data analysis. In 

order to develop a framework that incorporates the relevant studies necessary to 

understand the existing literature about PD and HD of ESRD patients, the review is 

divided into different sections, with subsections. The chapter begins by describing the 
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literature search strategy used. The theoretical framework guiding the study and the 

conceptual framework is then detailed This is followed by review of extant studies with 

regard to ESRD including the history of ESRD, causes of ESRD such as diabetes and 

hypertension, and treatment of ESRD including transplant, HD, PD and shift from PD to 

HD. The chapter also includes information on technique failure, the choice between 

different modalities, a comparison of HD and PD in adults, and the outcome of dialysis. 

The chapter concludes with a summary. 

Literature Search Strategy 

The chapter presents an in-depth review of literature pertinent to the research 

problem. The literature review was conducted by reviewing scholarly and peer-reviewed 

journal articles, dissertations, and seminal literature. They were obtained from PubMed, 

Ebscohost, Proquest general Google search, and Google Scholar. I used key terms, 

namely, end of stage renal disease (ESRD), peritoneal dialysis, hemodialysis, “renal 

function , causes of ESRD, technique failure, clinical outcomes of patients on dialysis, 

switching from hemodialysis to peritoneal dialysis, preservation of renal function, factors 

affecting dialysis outcome, mortality rate of ESRD patients on dialysis  and clinical 

outcomes of patients on dialysis. The literature review yielded 182 related articles, but 

upon further scrutiny only 112 were relevant to the study hence used and cited. The study 

has 92 articles including in the literature review, published within the last 5 years. 
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Theoretical and Conceptual Framework 

Biopsychosocial Model 

The biopsychosocial model details the importance of understanding human health 

and illness in their fullest contexts (Frankel, Quill, & McDaniel, 2003). According to 

Frankel et al. (2003), the biopsychosocial model intends to systematically consider 

biological, psychological, and social factors and their complex interactions in 

understanding the illness, health, and health care delivery. In the biopsychosocial 

approach, humanistic qualities are highly valued involving the application of the 

scientific method to diverse biological, psychological, and social phenomena as related to 

human health (Frankel et al., 2003). To apply the biopsychosocial approach effectively in 

a clinical practice such as treatment, one has to recognize that relationships are central to 

providing health care, use self-awareness as a diagnostic and therapeutic tool, elicit the 

patients’ history in the context of life circumstances, and provide multidimensional 

treatment (Janowski, 2009). Lastly, those applying this approach must also decide on the 

aspects of biological, psychological, and social domains which are most important in 

understanding and promoting the patients’ health (Janowski, 2009). 

Several studies were found that used the biopsychosocial model. Maribo, 

Melchiorsen, Rubak, Jespersen, and Nielsen (2014) described the core themes in modern 

rehabilitation and how the psychosocial model can be used to improve the practice. The 

psychosocial model can be used to highlight barriers connected to rehabilitation such as 

practical barriers, economic barriers, social barriers, and lack of resources (Maribo et al., 

2014). Maes and Twisk (2010) reviewed the model proposed by Havey and Wessely 



27 

 

(2009) about the biopsychosocial explanatory model for myalgic 

encephalomyelitis/chronic fatigue syndrome (ME/CFS). However, the conclusion of the 

authors was that a bio psychosocial model based upon IO and NS abnormalities is likely 

more appropriate to treat the complex disorder (Maes & Twisk, 2010). Some authors also 

stated that the biophysical model also has disadvantages (Ghaemi, 2009; Benning, 2015). 

Harding, Campbell, Parsons, Rahman, and Underwood (2010) also stated that pain clinics 

using a biopsychosocial model of pain management may not be achieving their maximum 

potential.  

The section provides an overview of literature in regards to the purpose of the 

study which focuses on determinants of switching from PD to HD and determining 

whether timing of switch improves renal function among ESRD patients. The literature 

search strategy yielded 115 studies that were cited in the literature section including those 

within the last 5 years. Literature showed that factors determining switch from PD to HD 

were age, gender, marital status, diabetes and CVD. Age was considered a significant 

factor in determining the switch where younger patients perform better in PD while 

elderly in HD. Diabetes and CVD greatly contributed to switch from PD to HD. My 

study was guided by the use of bio-psychosocial model that aided in operational 

definition of study variables.  

Conceptual Framework 

The conceptual framework illustrates the hypothesized relationships among 

patient’s characteristics, the health status, the patients with ESRD experiences, and the 

social economic factors associated with patient’s satisfaction and health status. These 
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constructs were used to relate how ESRD patient’s characteristics and modalities for 

treatment (PD, HD, or transition from PD to HD) influence the outcomes. I investigated 

the impact of determinants such as demographic, socio-economic, and health status 

factors on treatment technique failure. According to Harding et al. (2010), the 

socioeconomic and other conditions on the body of the patients with the ESRD disease 

are identified as cofounders of the association between health status and patient recovery. 

Figure 1 illustrates the bio-psychosocial model. 
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Figure 1. Conceptual framework. 

The biopsychosocial model holds that a patient’s clinical outcome is influenced 

by social context and biological factors (Frankel et al., 2003). The biological facets 

include infections, physical trauma, nutrition, and hormones, which are tied to gender and 

genetics (Frankel et al., 2003). According to the biopsychosocial model, it is the 

interaction between an individual’s genetic makeup, their biology, and socio-cultural 

environment which contributes to illness or health. (Frank et al., 2003) The 
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biopsychosocial model demonstrates that each one of these factors is not adequate to 

bring about health, but the interaction between them defines the progression of one's 

health development (Lane, 2014). In this study, the outcome of ESRD patients on dialysis 

is influenced by patients’ biological and demographic factors, as well as the presence of 

other diseases.  

The social-economic factors in the conceptual framework, such as educational 

background, are significant in the ESRD patient health outcome, which is an important 

predictor of treatment success (Hampton, 2011). ERSD patients with more education 

have a greater likelihood to possess better health literacy, helping them to gain social 

skills needed to gain access, understand and use health information as prescribed 

(Hampton, 2011). Connected to the conceptual framework, Secker (n.d) argued that low 

health literacy correlates directly to the poor health status. Limited knowledge on medical 

conditions leads to decreased comprehension of medical information, poor compliance 

rates to the set guidelines, poor self-reported health, and increased health related costs 

(Secker n.d). Health literacy is important in the dialysis population due to educational 

disparities between PD and HD patients and the transfer from HD to PD diagnosis. 

Individuals with a high education level may be placed on the PD, which requires more 

knowledge in order to understand the complexities of the procedures involved 

(Sinnakirouchenan & Holley, 2011). Patients undergoing PD may be more assertive and 

autonomous in the decision-making process compared to those receiving HD 

(Sinnakirouchenan & Holley, 2011), emphasizing the point that health literacy is an 

important variable in determining technique failure . 
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CVD is one of the health status factors determining the outcomes of dialysis in 

ESRD patients (Buvanendran, Leong, & Deer, 2013). The significance of CVD in ESRD 

patients is increased by the accelerated atherogenesis, endothelial dysfunction and 

inflammation, and lipid derangements (Buvanendran et al., 2013). According to Zyga and 

Kolovos (2013), patients with ESRD suffering from cardiovascular conditions such as 

arrhythmias, CVD, coronary artery disease, and peripheral vascular disease, have a worse 

outcome after dialysis when  compared to patients with ESRD without CVD. 

Cardiovascular conditions in treating ESRD patients affect the outcomes after using PD, 

HD, or PD to HD dialysis. HD has been identified to result to better outcomes in 

cardiovascular patients compared to PD dialysis (Zyga & Kolovos, 2013). 

Theoretically, as PD results in good outcomes, it should be presented to patients 

with cardiovascular conditions to improve blood pressure control and avoidance of 

uremic peaks and less hemodynamic stress (Zyga & Kolovos, 2013). This statement has 

invited some criticism as some researchers have suggested that PD promotes a 

proatherogenic environment (Van Biesen, Verbeke, & Vanholder, 2007; Bhowmik & 

Tiwari, 2012; Li, Ng, & Mcintyre, 2017). To add to this, ultrafiltration failure and the 

development of high transport membrane permeability in the process of treatment 

contributes to hypertension, cardiomyopathy, and fluid overload among the PD treated 

patients (Zyga & Kolovos, 2013).  

Diabetes has been highlighted in the conceptual framework as one of the 

determinants of the outcomes of patients with ESRD after dialysis. The outcomes of PD 

in patients with diabetes changes according to the treatment modality as well as other 
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factors such as the age and gender of the patient (Wang et al., 2013). According to the 

majority of studies and researches done, diabetic patients using PD have more 

encouraging outcomes compared to diabetic patients using HD (Wang et al., 2013). 

Treatment of ESRD under PD and HD have thus, been attributed to more positive 

outcomes than HD. Patients under PD have better outcomes than HD. CVDs are among 

the causative factors for mortality in patients with ESRD. The traditional risk factors of 

ESRD include diabetes, hypertension, and dyslipidemia (Liu et al., 2014). The most 

causative factors for chronic kidney disease and ERSD are hypertension and diabetes 

(Abu-Odah, Abed, El-Khateeb, Salah, & El-Nems, 2016; Ghaderian, Hayati, Shayanpour, 

& Mousavi, 2015; Liu et al., 2014). CVDs account for 50% of the deaths for patients 

undergoing dialysis due to chronic kidney disease (Kumar, Bogle, & Banerjee, 2014). 

Moreover, the prevalence of mortality of ESRD patients in the United States was 20% 

higher for patients with CVD as compared to patients without CVD (Liu et al., 2014). 

Hypertension was observed to be the most common cause of death with approximate 2.33 

million of total cardiovascular deaths and 1.27 million premature cardiovascular deaths 

were associated with hypertension among patients in China (Liu et al., 2014). The CVD 

are more prevalent in men than in women (Liu et al., 2014). Hypertension, in this study 

have been considered as major risk factor for ESRD and its prevalence continues to cause 

mortalities among the affected patients. CVDs cases are thus, high in US. 

In addition, diabetes D accounts for 45% of the known cases of ESRDin the 

United States (Ghaderian et al., 2015). Similarly, for Germany and Austria, diabetes 

accounts for 34% and 30% for ESRD, respectively (Ghaderian et al., 2015). Diabetes is a 
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leading cause of ESRD cases in Middle Eastern countries whereby approximately 35% 

cases of patients aged 40 years and older were observed in Iran, 26.6% in Saudi Arabia, 

21.2% in Kuwait, 35% in Egypt, and 48.6% in Lebanon (Ghaderian et al., 2015; Abu-

Odah et al., 2016). The survival rate of diabetic patients is lower than nondiabetic 

patients regardless of dialysis modality (Ghaderian et al., 2015). Diabetes and age have 

thus, been pointed out as the major factors leading to ESRD. Diabetes is prevalent in 

developed countries which reflect an increased percentage of ESRD patients.  

The conceptual framework also indicates gender as a significant factor 

contributing to the outcomes of PD, HD, or PD to HD treatments to patients with ESRD. 

Female patients with ESRD exhibit the biggest difference in life expectancy compared to 

their counterparts without the disease. According to Yeates et al. (2012), dialysis therapy 

reduces greatly the survival advantage that women in the general population experience. 

In addition, Yeates et al. (2012) indicated that diabetic women experience poorer out 

comes in dialysis compared to diabetic men exposed to the same conditions and treatment 

modalities.  

Age is a determinant in the outcome of dialysis among patients with ESRD. 

According to Yeates et al. (2012), PD results in better health outcomes in young patients 

with ESRD while HD results to better outcomes in the elderly and this is reflected in 

diabetic patients. The consideration for age differences is of significance as individuals 

receiving PD tend to be younger than their counterparts receiving HD. Wang et al. (2013) 

argued that when comparing PD, HD and PD to HD, it is important for adjustment of age 

where PD patients should be less than 65 years. Thereby, patients with ESRD choosing 
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PD as their initial treatment then moving to HD tend to be younger resulting to better 

outcomes and increased survival rates.  

Age is considered a significant factor during the dialysis of ESRD patients. 

Additionally, age is a contributor and risk factor of diseases such as diabetes mellitus and 

hypertension (de Melo et al., 2016; Franco & Fernandes, 2013). The demand for renal 

replacement therapy is on the rise among the elderly people who are prone to 

cardiovascular diseases which are the lead causes of chronic kidney disease. An increased 

demand for elderly people to be offered dialysis and improvement of patient’s survival 

among the aging group is required (Franco & Fernandes, 2013). It is estimated that one in 

four patients who starts renal replacement therapy in the USA is a patient aged 75 years 

or older. A similar scenario prevails in France whereby the mean age of patients engaging 

in dialysis is 70.2 years and in the United Kingdom is approximately 65 years. The 

glomerular filtrate rate decreases with increase in age where the percentage is lower for 

the elderly people (Franco & Fernandes, 2013).  

The dialysis of elderly people using hemodialysis has unique features. The elderly 

population as compared to the younger population has more co-morbidities, 

hospitalizations, drug use, and usage health services (de Melo et al., 2016). Conducting 

research for the elderly people with chronic kidney disease is important as it improves 

their quality of life. The metabolic functions, as well as psychological functions of body 

organs, decrease as the age of a person increases. Moreover, the elderly people are less 

likely to engage in physical exercises which also increase chances of chronic diseases (de 

Melo et al., 2016). The elderly as well have lower life expectancies which lead to the 
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decision to engage in dialysis for the treatment of renal replacement therapy (Segall et al., 

2015). 

Residual Renal Function 

The Residual Renal Function for patients with End Stage Renal Disease is the 

capability of native kidneys to emanate water and uremic toxins (Roszkowska-Blaim & 

Skrzypczyk, 2013). The renal residual function is associated with parameters such as 

Glomerular Filtration Rate. The Residual Renal Function does not have a common 

method of measurement but it is based on daily dieresis which is a scale for body mass or 

body surface area in children. The patients with ESRD receive the renal replacement 

therapy. The residual renal function is important to children because it does not only help 

preserve adequacy of renal replacement therapy but also lower the risk of adverse 

myocardial changes, fasten the growth rate, enhance treatment of anemia and calcium-

phosphorus balance abnormalities as well as improve nutrition and blood pressure control 

(Roszkowska-Blaim & Skrzypczyk, 2013).  

Residual renal function in PD and HD. Studies indicate that engagement in HD 

mode results in the increased rate of loss of residual renal function compared to patients 

engaging in peritoneal dialysis. In addition, a study indicated that patients observed a 

greater loss of residual renal function on the onset of initiating treatment with HD than 

those who had not (Curran & Bargman, 2011). The loss of residual renal function in PD 

is associated with malnutrition whereas the maintenance results in better nutrition 

statuses. The preservation of residual renal function for ESRD patients in PD dialysis in 

overall enhances patient’s survival rates (Curran & Bargman, 2011). The residual renal 
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function is also an important aspect in patients under hemodialysis mode. The residual 

renal function contributes to the total solute clearance which specifically aids in removing 

middle as well as small solute proteins (Xydakis et al., 2013). Residual Renal Function 

aids by maintaining balance in residual homeostasis mechanism for calcium and 

phosphorus balance, optimal control of fluid balance, reduction in cardiovascular diseases 

as well as the reduction in left ventricular hypertrophy. The residual renal function 

improves the quality of life by increasing the hemoglobin status in blood and better 

phosphate control. The PD dialysis preserves residual renal function better than HD 

dialysis does (Xydakis et al., 2013). The measurement of residual renal function is the 

glomerular filtrate rate which exhibits a causal relationship with mortality of end-stage 

renal disease of patients. A study conducted by Wal et al. (2011) indicated there was no 

difference observed for end-stage renal disease patients starting dialysis on either PD or 

HD. However, the study concluded that the decline of RRF is slower in patients who 

receive PD as compared to HD. Hence, PD is preferred in preserving residual renal 

function than HD in end stage renal disease patients. 

Benefits of maintaining residual renal function. There are many benefits 

associated with maintaining residual renal functions in patients with ESRDs. The residual 

renal function helps patients maintain dialysis by improving survival and quality of life. 

The improvement in quality of life for ESRD patients undergoing dialysis is enhanced 

due to the constant clearance of solute as well as managing volume control (Mathew, 

Fishbane, Obi, & Kalantar-Zadeh, 2016). There are few studies examining the effect of 

residual renal function on the outcomes of patients undergoing Hemodialysis. One of the 
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main rationales for the paucity of studies examining the effect of residual renal function 

on the outcomes in patients undergoing hemodialysis is that there are challenges of 

accurate interdialytic urine collection from patients using hemodialysis. Moreover, 

research has shown that residual renal function declines rapidly in hemodialysis patients 

as compared to peritoneal dialysis (Mathew et al., 2016). The use of hemodialysis 

preserves residual renal function longer as compared to patients under peritoneal dialysis.  

The residual renal function is important as it leads to control volume, balancing of 

minerals and electrolytes, leads to less inflammation as well as enhances effective 

clearance of protein-bound solutes and middle molecules (Mathew et al., 2016; Patel & 

Hu, 2015). The preservation of residual renal function lowers mortality rates for dialysis 

patients. A study conducted by Canada USA Peritoneal Dialysis (CANUSA) indicated 

that a 12% lower risk of death was observed for every incremental rise of estimated 

glomerular filtrate rate (eGFR) of 5 1/week/1.73 m2. Moreover, a 36% reduction in 

mortality was associated with the daily urine volume >250 ml alone (Patel & Hu, 2015). 

The rate of residual renal function decline is observed to decline faster among 

hemodialysis patients compared to patients on peritoneal dialysis. The decline in 

glomerular filtrate rates among the patients under peritoneal dialysis ranges widely from 

1% to 8% per month while in hemodialysis patients, the rate ranges between 6% and 11% 

per month. In addition, the preservation of residual renal function is observed among the 

patients who start dialysis early. The patient’s survival under HD dialysis with residual 

renal function is higher as compared to those without residual renal function (Patel & Hu, 

2015). Cadnapaphornchai and Teitelbaum (2014) indicated that preserving residual renal 
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function has a positive effect on morbidity and mortality. The preservation of residual 

renal function is associated with improved control of complications related to chronic 

kidney disease as well as decreasing mortality rates.  

Predictors for changes in residual renal function. The residual renal function 

among peritoneal dialysis patients increases to higher volume removal while the renal 

function decreases due to the onset of diseases such as hypertension. The presence of 

hypertension diseases leads to volume overload that contributes to increased residual 

renal function (Tian et al., 2016). Moreover, the fluid overload among PD patients is 

attributed to old age, increased percentage of diabetes, increased co-morbidities, blood 

pressure as well as malnutrition. The fluid variation is an important factor in determining 

the decline of residual renal function (Tian et al., 2016). Mathew et al. (2016) also 

indicated that demographic characteristics, co-morbid diseases, and the characteristics of 

dialysis patients are among the factors contributing to the decline in residual renal 

function. Cadnapaphornchai and Teitelbaum (2014) indicated that the decreased left 

ventricular hypertrophy and hypertension among the end stage renal disease patients 

contributes to a reduction in residual renal function. The adequate and satisfactory control 

of hypertension that is associated with creatinine and urine clearance leads to the decline 

of residual renal function. The decreased intake of protein is considered as a risk factor 

for morbidity and mortality among end-stage renal disease adults. Thus, the residual renal 

function also affects the nutrition status of the patients undergoing dialysis. Moreover, 

preserved residual renal function controls anemia in ESRD patients (Cadnapaphornchai 

& Teitelbaum, 2014). 
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Strategies for improving long-term survival in peritoneal dialysis patients. 

Prevalence of the end stage renal disease (ESRD) will continue to rise in most countries 

even with the advent of new treatment methods of kidney problems. The mortality rates 

of patients with the conditions have fallen over the years, but long-term survival of 

patients with the disease has been a challenge. Cardiovascular diseases account for most 

deaths in ESRD patients. Lowering of risk factors such as the co-morbidity does not 

account for reduced mortality in patients. Kendrick and Teitelbaum (2010) indicated that 

strategies such as preservation of residual renal function, reducing the rate of infections, 

and maintaining peritoneal integrity can help to maintain the long-term survival in 

peritoneal dialysis patients. The preservation of RRF and Peritoneal Membrane integrity 

have resulted in longer survival terms of ESRD patients since factors such as age and 

cardiovascular diseases in ESRD patients cannot be controlled. In addition, integration of 

Angiotensin-Converting Enzyme (ACE) inhibitors and Angiotensin Receptor Blockers 

(ARBs) with hypertensive patients will lead to the preservation of RRF in diabetic and 

chronic patients (Kendrick & Teitelbaum, 2010). Hence, reduced cases of infections that 

contributes to longer survival of ESRD patients.   

Chaudhary (2011) indicated that survival rates of ESRD patients on peritoneal 

dialysis can be increased by educating patients and medical staffs, maintaining and 

managing peritonitis, the ultrafiltration failure and managing catheter-related 

complications as well as improving the adequacy of dialysis. The constant intake of 

glucose concentration which acts like an osmotic agent causes changes in the membrane 

over time and thus leads to membrane failure. The use of newer biocompatible solutions 
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without dextrose have led to less membrane damage and hence, preservation of peritoneal 

membrane. In addition, use of biocompatible solutions lowers levels of glucose 

degradation products which preserve the RRF longer. The preservation of RRF has a 

positive impact on PD patients’ survival rate (Chaudhary, 2011). The clearance of 

mediated molecules and protein bound substances by use of renal replacement therapy 

increases the survival rates of end stage renal disease patients. The renal replacement 

therapy is effective for most patients engaging in peritoneal dialysis mode. The regulation 

of blood pressure in patients with cardiovascular diseases by maintaining fluid pressure 

through control of Left Ventricular Hypertrophy regulates the renal function which 

assures for prolonged survival rate (Curran & Bargman, 2011).  

Peritoneal dialysis is associated with the advantages of higher quality life, 

preserved residual renal functional as well as increased in cost saving. In addition, 

patients are expected to survive longer in PD than in HD. Patients are expected to survive 

longer under the treatment of peritoneal dialysis through the adoption of better family 

support, stronger receptivity to dialysis, and higher cognition of dialysis (Chiang et al., 

2016). The patients faced with chronic kidney diseases are expected to gain improved 

survival rate once they receive early nephrology referral and multi-disciplinary pre-

dialysis education. In addition, Nongnuch et al. (2015) emphasized that preservation of 

residual renal function for the patients with chronic kidney disease positively affects their 

survival rates. The urine collections in most centers enable the treatment of patients in the 

peritoneal dialysis which is common as compared to hemodialysis. Similarly, patients 

under the peritoneal dialysis are at risk of attracting a variety of hypertonic dialysate and 
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episodes of peritonitis. Regulating the rate of loss of residual renal function by use of 

modality prescriptions, over ultrafiltration of fluids and use of bio-incompatible fluid 

dialysis will prolong the survival rates of peritoneal dialysis patients (Nongnuch et al., 

2015). 

End Stage Renal Disease 

End stage renal disease (ESRD) is the gradual onset of sudden or permanent 

failure of the kidney (American Nephrology Nurses Association, 2011). The human 

kidney is responsible for cleaning body wastes and maintains balance of electrolytes and 

fluids by coordinating effects on the heart and blood vessels (Smith, 2013). Currently 

there are 1.9 million people worldwide who are undergoing ESRD treatment (Anand, 

Bitton, & Gaziano, 2013). 

Kidney disease causes damage to the nephrons through stressors such as 

hypertension and diabetes. Passing urine less than often normal or more often than 

normal, vomiting, nausea, loss of appetite, feeling tired , increased difficulty in breathing, 

swelling in the face, feet and hands and itchy skin are some of the symptoms that the 

kidneys are not functioning properly (National Institute for Health and Clinical 

Excellence, 2009). 

Kidney failure is categorized into two depending on how fast the failure occurs. 

Acute renal failure is sudden failure that can be caused by poison or drug that can make 

the kidney to fail, accident, abrupt loss of blood or very low blood pressure (Carolina 

Health Care System, n.d). If the kidney failure is gradual then it is called chronic renal 

failure, which can be caused by unattended high blood pressure or unsuccessfully 
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controlled diabetes. Chronic kidney failure develops into ESRD. Renal function panel, 

biopsy, and 24- hour creatinine clearance are some of the clinical tests that can be done to 

ascertain functionality of the kidney (National Kidney Foundation, 2015). The main 

causes of kidney failure are diabetes and hypertension but infections that affect the 

nephrons, trauma, and birth defects are other causes though they are rare (Carolina Health 

Care System, n.d). The causes of ESRD vary with social factors such as race, ethnicity, 

and age (American Nephrology Nurses Association, 2011).  

 There are two modes of treating kidney failure namely; kidney transplant and 

dialysis. Dialysis is the cleaning of blood either inside or outside the body by use of 

machine while transplant is the receiving of live kidney from a donor (National Kidney 

Foundation, n.d). These methods will be discussed in detail in other parts of the literature 

review. The choice of treatment, mode depends on lifestyle, personal preference, and 

medical condition of patient. 

Diabetes as a Cause of ESRD. Diabetes is the leading cause of ESRD as per data 

provided by the American Nephrology Nurses Association (2011). In the US, there were 

25.8 million diabetic Americans where diabetes accounted for 44% of the kidney failures. 

Diabetes is the shortcoming of the body to utilize glucose (Redmon et al., 2014). Passing 

urine often, having dry itch skin, having blurry eyesight, feeling very tired and hungry 

often, losing weight unintentionally, and slow healing of wounds are some of the 

symptoms of diabetes (National Kidney Foundation, 2013). They are two types of 

diabetes namely; diabetes type 1 and diabetes type 2. In type 1 diabetes, the cells of the 

pancreas fail to secrete insulin as that have been destroyed due to the failure in the 
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immune system of the body (Center for Disease Control, n.d). Diabetes type 1 is treated 

by getting insulin injections, nutrition, physically activeness and controlling cholesterol 

consumed and blood pressure. Diabetes type 2 is the failure of the body to properly 

utilize the insulin generated by the pancreas. Obesity and lack of physical activity 

increases the chances of diabetes. 

There are almost equal rates of kidney failure in both types of diabetes (American 

Nephrology Nurses Association, 2011). However, some groups are at a higher risk of 

kidney failure if they also have diabetes. Those with high blood pressure, more than 65 

years old, are Hispanic Americans, African-Americans, Asians, American Indians, or 

Pacific Islanders and have a family member who has kidney disease, have higher chances 

of having kidney failure (National Kidney Foundation, 2013).  

Fox et al. (2012) conducted a meta-analysis of studies selected according to 

Chronic Kidney Disease Prognosis Consortium criteria. The authors used Cox 

proportional hazards models to approximate the hazard rations (HR) of mortality and 

end-stage renal disease associated with albuminuria and eGFR in individuals with and 

without diabetes. The authors analyzed data of 1, 024, 977 participants (128, 505 with 

diabetes). The authors concluded that kidney disease is an important predictor of clinical 

outcomes. 

There are high or low glucose levels in the blood for diabetic patients due to the 

low insulin levels or lack of utilization of the insulin produced by the pancreas. With high 

glucose levels, the kidneys are forced to work harder in the filtration process to maintain 

the necessary glucose levels. The extra effort required may cause the vessels in the 
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kidneys to give way consequently allowing loses of protein in the urine. This continuous 

strain of the kidney eventually results in loss of ability to function effective and lead to 

development of end stage renal disease (ESRD). 

The damage caused to the nervous system by diabetes also causes or accelerates 

kidney failure. Nerves transmit messages to all other body parts and the brain including 

the kidney and its parts like the bladder letting one know when it is full. If the nerves are 

damaged one cannot know when the bladder is full and the pressure accumulated from 

full bladder can damage the kidney (National Kidney Foundation, 2013). If urine stays 

for long in the bladder there are chances the urinary tract will be infected due to the 

bacteria in the urine. With high sugar level, bacteria will grow rapidly and can cause 

infections to the bladder which will spread to the kidney (National Kidney Foundation, 

2013). 

Despite being the lead cause of kidney failure, the progression of kidney failure 

can be slowed in diabetic patients. As per the guidelines of the National Kidney 

Foundation (2012) this can be achieved by treating hyperglycemia which is the defining 

failure in diabetes that causes organ complication such as kidney failure. Thorough 

treatment of hyperglycemia averts elevated albuminuria and slows down the progress. 

The downside of this remedy is that patients are at an increased risk of severe 

hypoglycemia. 

Based on the glomerular filtration rate and assessments of urine albumin, the 

development of kidney disease that results in ESRD has been categorized into five stages 

(American Association of Diabetic Educators, 2013). In the first stage, there is evidence 
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of kidney ineffectiveness but with a normal glomerular filtration rate whereas in the 

second stage, kidney ineffectiveness increases accompanied by a decrease in levels of 

glomerular filtration rate to 60- 90 milliliters in a minute. In both stage one and two, there 

are not many symptoms however, there may be protein or blood on the urine, high blood 

pressure, and more than normal levels of End stage renal disease. In stage three, 

glomerular filtration rates further reduces to 30 to 59 milliliters per minute with a further 

dip in glomerular filtration rate to 15 to 29 ml/ml, which is severe. At this stage, there 

will be fatigue, reduction in ability to concentrate, difficulty sleeping especially at night, 

and loss of sexual drive. In the fifth stage, there is obvious evidence from very low 

glomerular filtration rate of 15ml/min accompanied by nausea, continuous illness, 

itching, inverted sleeping pattern, fat and muscle loss, and skin coloration (American 

Association of Diabetic Educators, 2013). 

Hypertension as a Cause of ESRD. Hypertension is the second common cause 

of kidney failure (Carolina Health Care System, n.d). By 2011, sixty-six percent of ESRD 

patients had hypertension (American Nephrology Nurses Association, 2011). 

Hypertension is a condition with blood pressure of more than 140/90 mmHG (University 

of Cambridge, 2009). Hypertension can be controlled by changes in lifestyle which 

include, reduced sodium intake, losing weight, alcohol moderation, being physically 

active, reduction of intake of saturated fat and smoking cessation. If lifestyle modification 

fails, antihypertensive drugs are used. The risk of getting ESRD in hypertension patients 

varies with age, body weight, and ethnicity where older persons, over weight are at a 

higher risk and there are those with family history. 
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The cause of kidney failure by hypertension is increased blood pressure that 

damages the nephrons and the association of hypertension to diabetes and vascular 

diseases, extracellular volume changes, chronic inflammation, and adjustment of 

cardiovascular dynamics. Smith (2013) noticed that there is a greater effect on kidney 

disease due to higher systolic pressure, than for pulse blood pressure, or diastolic blood 

pressure. Mahmoodi et al. (2012) conducted a meta-analysis of 45 cohorts (25 general 

population, seven high-risk, and 13 chronic kidney disease) with 1,127,656 participants, 

364,344 of whom had hypertension. The authors contended that chronic kidney disease 

should be considered as at least an equally relevant risk factor for mortality and ESRD in 

individuals with or without hypertension. 

For hypertensive patients with kidney failure, multiple antihypertensive agents are 

used to attain require blood pressure of below 130/80 mmHg. RAAS inhibitors are one of 

the most used antihypertensive agents (Smith, 2013). Medical guidelines propose (ARBs) 

angiotensin receptor blockers or ACEi (Angiotensin Converting Enzyme inhibitors) to be 

the first preferred treatment in slowing down the progression of kidney disease in persons 

with hypertension (Mount, 2012). Aldosterone 91012 has been associated with renal 

injury development of chronic kidney disease due to high aldosteroine escape as a result 

of high blood pressure, increased vascular inflammation, fibrosis, oxidative stress, 

sympathetic nervous system and apoptosis (Maron & Leopold, 2010; Smith, 2013). There 

is need to use aldosteroine antagonist as a remedy to inhibit enjoining of aldosterone with 

the mineral corticoids receptor. However, there are concerns of using agents in slowing 
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progression of kidney failure as they have been found to be associated with increases in 

chances of hyperkalemia. 

There are factors that contribute the progression of simple kidney malfunction to 

ESRD in patients with hypertension. Visceral obesity activates a series of maladaptive 

renal, cardiovascular, prothrombotic, inflammatory and metabolic responses; a number of 

which  form the cardio-metabolic syndrome (Saito et al., 2013). These responses 

including dysglycemia, hyper-insulin resistance, dyslipidemia, hypercortisolemia and an 

altered vascular function enhance the progression of kidney disease to ESRD. In 

hypertensive patients, insulin resistance in these patients with visceral obesity is 

associated with the characteristic of the fat in the para-intestinal and mental regions 

(Saito et al., 2013). 

Treatment of ESRD 

Transplantation, peritoneal dialysis, and hemodialysis are the available modalities 

for renal replacement therapy for the treatment of ESRD. HD is subdivided into two; 

center HD which is the most commonly used and home HD. Peritoneal dialysis (PD) 

encompasses of both continuous cycling PD (CCPD) and ambulatory PD (CAPD), along 

with other forms of PD in a small sub-group (Lewis & Noble, 2012). Renal 

transplantation is always from a living donor (either emotionally related donor or a blood 

relative) or even a cadaveric donor. During the process of being treated for ESRD, it is 

possible for the patients to severally switch between the different renal replacement 

therapy modalities. For instance, a certain patient might switch from CAPD to 

transplantation, from transplantation to HD and perhaps to another transplant. 
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A Brief History  

In the 1960’s, peritoneal, renal transplantation, and hemodialysis started to be 

commonly used to treat ESRD patients. Earlier before 1960, dialytic modalities were 

helpful to some patients who were suffering from acute renal failure. Living donor 

transplants were successfully performed to a few identical twins, but there was no other 

treatment available except dietary modification for patients with ESRD. In the early 

1960’s, some few patients for chronic renal failure were treated with hemodialysis using 

the Belding Scribner’s work. This was followed by the use of peritoneal in the 1960s 

followed by renal transplantation from twins who are not identical in the same period. 

The renal transplantation from non-identical twins was made a reality through improved 

understanding of immunology and by the use of immunosuppressive therapies (Bomback 

& Bakris, 2011). However, Medicare coverage was not enacted by this time. 

Medicare coverage for end-stage renal disease was enacted by the congress as part 

of social security amendments that eventually became effective in 1973. The reduction in 

treatment costs have been encouraged by several legislative changes made in the 

Medicare’s ESRD program through changes in modality to home dialysis and payment 

methods (Bomback & Bakris, 2011). Other changes have taken place ever since 1960s, 

remarkably outpatient erythropoietin therapy for dialysis patients and an emergence of 

immunosuppressive drugs after transplantation. 

Transplant as Treatment of ESRD. Kidney transplant is a treatment of ESRD 

where a kidney is taken out of donor and surgically placed into a recipient (Carolina 

Health Care System, n.d). A successful kidney transplant enables a patient to terminate 



49 

 

dialysis. Kidney transplant is affected by factors such a number of willing donors, 

medical condition of the recipient and the suitability of the donors (American Nephrology 

Nurses Association, 2011). A recipient must undergo evaluation to ascertain their 

suitability to undertake a transplant (Carolina Health Care System, n.d). The evaluation 

process entails meeting with a social worker, financial specialist, dietician, transplant 

nephrologists, and surgeon. The purpose of the meeting is to educate the recipient on the 

transplant process by highlighting probability of success, risk and benefits, expected 

lifestyle, diet and the financial obligation. Besides educating the recipient, lab tests and x-

rays are conducted to establish the health status of recipient. 

Once the evaluation process is completed, the transplant team reviews the 

information and makes a decision if the transplant is viable and a safe option. In the 

review, a patient with other diseases like cardiovascular diseases, cancer, or other serious 

infections has reduced chances of having a successful transplant. The transplant team will 

want to ascertain if the patient will be able to follow the schedule after the transplant 

especially in the first year, which requires regular visits to the physician (National 

Institute of Health, 2008).  

If recommended, the recipient gets an opportunity to undergo either of the two 

types of transplant. In the first option, the recipient will get a kidney donated from a live 

donor (National Institute of Health, 2008). The donor might be someone known to the 

recipient mostly family member or friend. The option of a living donor has high chances 

of success and transplant can be planned at convenient time. However, not all who need a 

transplant can get a living donor and as such can only receive kidney from a deceased 
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donor. Throughout the life of the new kidney, one must take antirejection medication 

daily in order to maintain the new kidney (National Kidney Foundation, 2012). During 

the first year after kidney transplant, the patients are monitored closely by a physician, 

after that, the frequency drops to monthly lab visits. Transplant is considered as the best 

strategy of treating End Stage Renal Disease but due to limited number of donors, several 

strategies such as hemodialysis are being considered (Naalweh et al., 2017). 

There are various advantages of undergoing a transplant chief among them being 

the ability to live a near normal life again with reduced restrictions such as those in diet. 

There are increased energy levels as new functioning kidney promotes production of red 

blood cells. Kidney transplant increases quality of life than dialysis and has better 

chances of survival where in the first five years there are seventy percent as compared to 

thirty percent in patients who have undergone dialysis. For successful kidney transplant, 

ESRD associated comorbidities like cardiomyopathy, may be resolved completely, or 

made insignificant. However, the disadvantage of transplantation is the risk of the body 

rejecting the new kidney, the increased chances of cancer; follow up especially in the first 

year and the increase risk of infections. It is observed that the success of transplant is 

affected by the time the patient spent on dialysis prior to transplant. There are increased 

chances of success with an early transplant but this depends in the chances of getting a 

live donor. 

With the increasing occurrence of ESRD and the success rate associated with 

transplant, there is bound to be regulations that govern the process and the code of ethics. 

Both the recipient and the donor have the right to receive and donate the organ (Award, 
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2013). However, commercially inspired transplant is unethical and unacceptable practice. 

The living donor is obliged to give informed consent duly signed without any undue 

influence such as finance or coercion. This happens after understanding the risks and 

benefits involved and medical evaluation of the psychological preparedness. The patient 

should not be used as a means but an end and as such there is respect for integrity, 

dignity, and authenticity (Award, 2013). The autonomy of donors should be respected 

with regards to the ability to understand information and make a decision which gives 

them a decision-making capacity which should be respected. When making the final 

decision on transplant, balance between saving life in a cost effective manner (clinical 

utility demand) and the upholding of right to donate a kidney both after death and in life 

is made (Award, 2013). 

Hemodialysis. Through the process of hemodialysis, toxins and excess fluid are 

removed via extracorporeal circulation of blood. This is done through a dialyzer or what 

is commonly referred to as “artificial kidney”. The treatments are usually scheduled for 

three times in a week and last for 3 to 4 hours (Cabral & Santos, 2012). Arterio-venous 

(AV) fistula, indwelling vascular catheter or vascular graft is used to access the vascular. 

The treatment is usually performed as “center hemodialysis” in a freestanding or hospital-

based dialysis unit. In this environment, patients’ dialyzers are often reprocessed and 

therefore a given patient may reuse the dialyzer multiple times (Cabral & Santos, 2012). 

However, this modality can be used at different locations. This process of hemodialysis 

may be performed at home (home dialysis) after the patient and the assistant undergo 

several weeks of training. The advantages associated with home hemodialysis include 
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patient independence and the dialysis scheduled meets the patient convenience (Cabral 

and Santos, 2012). Patients treated with home hemodialysis appear to enjoy a better 

quality of life and are reported to survive better compared to center hemodialysis. In the 

near past, home hemodialysis has been practiced as a daily treatment given as either slow 

nighttime dialysis (Pierratos) or short daytime (Buoncristiani). Patients under 

hemodialysis are partially responsible for the success of the success of their treatment, 

medical prescription, as well as adherence to HD sessions. The patients ensure that they 

maintain their diet in order to increase their chance of survival (Nalweeh et al., 2017). 

Peritoneal dialysis. This process uses the peritoneal membrane as a substitute 

surface dialysis. It entails placement of a catheter into abdominal cavity, and repeated 

drainage and instillation of sterile dialysate (Ronco, Rosner, Crepaldi, & International 

Course on Peritoneal Dialysis, 2012). The movement of toxins from the plasma to the 

dialysate is caused by the concentration gradients during the dwell time. The dwell times 

vary form few hours in CAPD, to up to 1 hour in other forms of cyclic PD. Toxins which 

are equilibrated with the dialysate are drained together with the toxins. The fluid is 

removed via osmotic ultrafiltration through the use hypertonic dialysate solutions. There 

are various options that can be used in PD. 

The most commonly used peritoneal dialysis option is the continuous ambulatory 

PD (CAPD). Four or five exchanges are performed daily to the patient with a dialysate of 

2-3 liters. Continuous cycling PD (CCPD) is a home treatment that utilizes a certain 

number of exchanges through a machine (cycler), every night, with a long dwell time 

during the day (Ronco et al., 2012). The combinations of both CAPD and CCPD have 



53 

 

been utilized predominantly in patients without renal function (Diaz-Buxo). Intermittent 

PD (IPD) has 3 to 7 times exchanges of dialysate weekly for 8 to 12 hours and is 

performed through the cycler (also an automated PD) Nonetheless, these options are used 

in different situations. 

The use of various options of PD favors different patients at different situations. 

CAPD and CCPD are frequently used for patients who choose the independence of self-

care and those who have difficulty with other aspects of hemodialysis or vascular access 

(Ronco et al., 2012). PD therefore has two extreme groups that are preferred for the 

procedure; the ones who are stable and independent and the ones who are unstable and 

poorly tolerant to hemodialysis. However, there is need to compare the outcomes of 

different modalities across different demographic factors. 

Choice dialysis modality. The choice of dialysis modes for ESRD patients is 

determined by geographical considerations, patient’s preferences, and medical and social 

contexts. The factors dictate the type of peritoneal dialysis mode to be used (Franco & 

Fernandes, 2013). The peritoneal dialysis mode has been used due to the factors such as 

financial constraints, cultural issues, and lack of informed consent in treating elderly 

patients. A lot of elderly patients engaging the treatment of the end stage renal disease 

prefer use of the peritoneal dialysis which are the elderly. The peritoneal dialysis has 

helped the elderly conduct physical processes to manage ESRD prevalence (Cupisti et al., 

2017). The majority of patients with chronic kidney disease prefer to start dialysis using 

peritoneal as compared to hemodialysis (Franco & Fernandes, 2013). Patients with end-

stage renal diseases are required to engage in renal replacement therapies. Different 



54 

 

medical options are available such as transplant, dialysis as well as conservative 

treatment. A significant number of the patients choose transplants and dialysis (Erlang, 

Nielsen, Hansen, & Finderup, 2015). In addition, patients intending to engage in renal 

replacement therapy through dialysis are required to engage in a timely preparation and 

education on the dialysis mode to adopt (Segall et al., 2015). Most patients opt to start 

dialysis immediately after choosing the mode of dialysis. Many nephrologists suggest 

that home-based dialysis therapies should be used among patients with Renal 

Replacement Therapies as the larger population is for elderly. In addition, many elderly 

patients have lots of co-morbid functions than the younger patients. Consequently, 

doctors and caregivers strongly suggest hemodialysis for such patients (Segall et al., 

2016). 

In addition, the choice of dialysis modality is influenced by factors such as the 

resource availability, timing of referral, unavailability of teamwork experience with 

certain dialysis modes as well as physician bias (Chiang et al., 2016). However, patients 

are more likely to choose peritoneal dialysis over hemodialysis due to its association with 

improved quality of life, reduced dialysis costs, and its relevance in preserved residual 

renal function (Chiang et al., 2016; Keating, Walsh, Ribic, & Brimble, 2014). On the 

other hand, patients do not choose peritoneal dialysis due to late referral, unplanned 

dialysis, medical factors, and time spent on modality education. Patients are likely to 

choose one dialysis modality over the other due to education on the different structures of 

the modalities (Chiang et al., 2016). Decision-making in medication among the patients is 

a tough task especially among patients with chronic kidney diseases. The decisions of 
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choosing the right path of medication are dependent on the existence of real and 

imaginary knowledge (Jayanti et al., 2015). The illness burden is as well likely to 

determine the choice of dialysis modality to be used. Moreover, clinical condition 

determines patients’ decisions to engage either in peritoneal dialysis or hemodialysis 

(Jayanti et al., 2015). 

Shift from PD to HD. Malnutrition is common in PD patients. Karen, Julie, 

Eldho, and Catherine (2011), illustrated that PD patients are attributed to decreased food 

intake and chronic inflammation linked to dialysis related comorbidities and 

complications. These phenomena advocate for a shift from PD to HD to reduce the 

prevalence of gastrointestinal symptoms in dialysis patients. The selection of PD or HD is 

usually based on the patient motivation, desire, and geographical distance from HD unit, 

physician, and the level of patient education. According to Ramapriya and Jean (2011), 

many patients are not educated on PD or HD before beginning dialysis. The study shows 

that the relative risk of technique failure in patients in PD verses HD changes over time 

with a lower technique failure risk in PD in the initial stages of dialysis. This technique 

shows continuous success in PD for up to one and a half to two years which decreases 

suddenly favoring the HD technique. Thus PD technique is best at the beginning of the 

dialysis up to about two years where the patient should shift to HD technique depending 

on the patient factors (Pike, Hamidi, Ringerike, Wisloff, & Klemp, 2017).  

Ramapriya and Jean (2011) indicated that ESRD patients’ satisfaction may be 

high with PD as the PD technique costs are relatively lower compared to the HD 

technique but a shift from PD to HD would reduce mortality rates of the patients. The PD 



56 

 

technique is more advocated for than HD technique. According to Sens et al. (2011), 

mortality rate is higher in PD technique than in HD technique. Sens et al. (2011), through 

a study, compared mortality risks in patients by dialysis modality by including all patients 

who started planned chronic dialysis with associated congestive Cardiovascular Disease 

in 933 PD patients and 3468 HD patients. There was a significant difference in the favor 

of HD technique with a survival time of thirty six months compared to survival time of 

twenty months in PD. This study concluded that there is high survival rates in HD 

patients compared to PD patients.  

TST (tuberculin skin test) response is lower in PD patients. According to a study 

conducted by Altunoren et al. (2012), which was aimed at investigating TST positive 

rates in HD and PD patients and the factors influencing TST positivity. HD patients 

indicated higher results than the PD patients. In this specific condition, the study found 

that TST is lower in PD patients especially in tuberculosis cases. 

A wide range of factors affect the uptake of PD compared to HD. According to 

Oliver et al. (2012), PD is cheaper than HD and has many potential advantages compared 

to HD technique which is more costly and contradicted. The study examined the 

differences in patient PD technique advantages compared to the benefits associated with 

HD technique. HD technique was rendered to be more contradicted besides being costly 

compared to PD technique illustrated as cheap and having a lot of potential benefits.  

Oliver et al. (2013) conducted a study with an objective to compare the risks of 

access interventions between the two modalities in a sample of 369 incidents of chronic 

dialysis patients. The study emphasized the fact that PD patients have more benefits 
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attached to the technique by concluding that patients under PD technique require fewer 

interventions to maintain the dialysis access than the patients under HD technique. 

Basing argument from the different studies, this study advocates for an integrated model 

technique. Initially PD technique should be advocated for the first two to three years and 

shifted to HD depending on the patient’s conditions.  

Chaudhary, Sangha, and Khanna (2011) and Dalal, Sangha, and Chaudhary 

(2011) conducted similar studies to establish if there is sufficient evidence to make PD 

the first therapy before switching to HD. The researchers noted that the lower cost of 

therapy, a flexible schedule, increased freedom from the patient's viewpoint, and 

convenience of home therapy are some factors that support the an ESRD patient staring 

dialysis on PD then switching to HD. Moreover, the risk of Ultrafiltration failure in PD 

and increased preservation of RRF when one has switched to HD also support the 

switching technique. However, the researchers did not conduct an empirical studies hence 

their findings are limited.  

Jaar et al. (2009) noted that technique failure is more associated with PD than HD 

and that there is little data in the United States addressing the outcomes and factors 

associated with switching modalities from PD to HD. The researchers also found that PD 

patients of black race were approximately 3 times more probable than white PD patients 

to switch from PD to HD while patients living at least 30 miles from the dialysis clinic 

were 58% less likely to switch from PD to HD likened to patients living less than 30 

miles from the dialysis clinic. Ghaffari et al. (2013) conducted a study to explore why PD 

should be the initial choice before switching to HD. The researchers noted that A “PD 
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First” approach not only has benefits for patients but also physicians, and healthcare 

systems. Patients starting dialysis for the first time often have noteworthy residual kidney 

function. The maintenance of RRF is associated with enhanced survival. Pajet et al., 

(2014) established that Peritonitis is a cause of technique failure followed by 

ultrafiltration failure. It is cost effective to start on PD then switching to HD (Chui et al., 

2013). The researchers found that patients who transitioned from PD to HD had lower 

health care costs than those who used PD or HD alone. 

The reason for switching from PD to HD can also be attributed to rising cases of 

peritonitis as well as catheter-related infections. The peritonitis infections cause the 

occurrence of ultrafiltration failure and the membrane related problems that often results 

in technique failure. The ultrafiltration failure and volume overload caused by excessive 

salt and water intake has led to the inability of maintaining adequate filtrate which leads 

to the failure of PD (Chaudhary, 2011). The prolonged exposure to hypotonic glucose 

concentrations affects the transport characteristic of the peritoneal membrane. The 

peritoneal membrane faces dysfunction due to excessive fluid and sodium intake which 

leads to loss of residual renal function and eventually peritoneal dialysis is abandoned. 

The effects of HD on ESRD patients. Peritoneal dialysis has been common over 

the past few years to the most patients undergoing treatment for End Stage Renal 

Disease, but the prevalence has decreased compared to hemodialysis. A vast number of 

ESRD patients are transferring from PD to HD where the risk of transferring to HD after 

PD initiation is highest for the first few months (Chaudhary, 2011). The transfer to HD 

affects the quality of life of patients as the transfer affects their living habits. The transfer 
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affects the lifestyles of the patients, physical health and functional status, personal 

relationships as well as social economic status (Gerogianni & Babatsikou, 2014). The 

shift to HD has been accompanied by many stressing factors such as uncertainness of 

their future, regular hospital admission, restriction of leisure time and financial 

constraints among others. The patients undergoing hemodialysis are often faced with the 

stress of low self-esteem, depression and personality disorders such as neuroticism, 

alexithymia, introversion and psychoticism (Gerogianni & Babatsikou, 2014). 

Patients on Hemodialysis find the dialysis mode stressful as it involves getting 

dialysis three times a day. The freedom of patients is undermined due to the constant use 

of machines as well as the high dependence of healthcare personnel (Nasiri et al., 2013). 

The patients on hemodialysis mode are always faced with emotional challenges. The 

patients on hemodialysis are constantly faced with physiological and psychological 

challenges due to the constant use of machines. The patients are restricted from mobility 

and face challenges in maintaining their diets. The patients are always fatigued, angered, 

and have poor adherence to treatment (Ahmad & Al Nazly, 2014). 

The patients also cope with the challenges faced during the process of obtaining 

dialysis using hemodialysis. The patients use the emotion-oriented and problem-oriented 

solving methods. The problem-oriented solving methods entails the use of planning and 

following up of active programs while emotion-oriented method involves controlling of 

emotions and adapting to the current situation (Nasiri et al., 2013). The patients as well 

cope with the challenges of undergoing hemodialysis by accepting responsibility, seeking 
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social support as well as self-controlling. In addition, the patients constantly engage 

avoidance, idealism and positive re-evaluation (Ahmad & Al Nazly, 2014). 

Technique Failure 

In some cases dialysis does not result in expected clinical outcome of managing 

ESRD. Betty et al. (2013) study design illustrated a dialysis where patients were 

categorized by initial and subsequent modality changes during the first year of dialysis 

and tracked for inpatient and out-patient costs, physical claims, and medication costs for 

at least three years using a merged administrative data set. The design determined 

unadjusted and adjusted cumulative costs for each modality group using multivariable 

linear regression models. PD technique was associated with lower costs in the period of 

one year only; however, the costs were similar to HD technique in three years. Using 

Betty et al. (2013) study one can illustrate that costs drivers in PD technique failure arise 

primarily from costs of dialysis provision, hospitalization, medications, and physician 

fees. 

Comparing the patients receiving different ESRD treatment modalities, those 

receiving HD, PD and those who transited from HD to PD therapy, all have significant 

lower total health care costs at one to three years. Patients experiencing PD technique 

failure have similar costs which might increase in the case of supporting economic 

rationale for first policy program.  

The primary technique failure in PD technique remains high. Matthew et al. (n.d), 

in his study illustrated that PD provides a safe and effective renal replacement therapy for 

regional pediatric centers that serve a rural setting where the study was conducted but 
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illustrated the technique failure rates as high as 24.6%. This was conducted from a 

population of 88 children between the ages of two days to twenty years receiving PD 

catheters for the management of acute and chronic renal failure. This study illustrates that 

though PD technique is significant in ESRD patients treatments there is still a gap to be 

filled in determination of its high technique failure rate. 

Dual incision laparoscopic surgery in PD (DILS-PD) with fixation technique is a 

simple and safe procedure. According to Yeh et al. (2013), DILS-PD procedure 

minimizes or eliminates the possibilities of migration without additional costs. Yeh et al. 

(2013) conducted a study where they performed open surgery for PD catheter 

implantation (OS-PD) and DILS-PD and then compared the information on demographic 

data, medical, operative, and postoperative findings and complication information 

between the groups. From the study there was no tube migration in the DILS-PD group 

but on the other hand there were 25.7 percent of the patients with OS-PD group with tube 

migration indicating that DILS-PD technique reduces the technique failure rate in the 

treatment for ESRD patients. From the study one can recommend for the DILS-PD as 

compared to OS-PD technique. 

Early recognition of medical deterioration and early medical intervention are 

necessary for a better outcome for elderly PD patients. According to Cheng et al. (2013), 

self-care patients experience a high percentage in the technique failure in PD technique 

compared to assisted care patients. From a study of 138 elderly ESRD patients where 

seventy were assisted care patients, it was recognized that technique survival was high 

among the care assisted patients due to the fact that early medical deterioration was 
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detected fast and the necessary measures put in place to correct the situation. These 

phenomena improved the technique survival rate. On the other hand self-care patients 

exhibited a high rate of technique failure which is associated with late recognition of 

medical deterioration circumstances reporting the incidence when it is too late. When the 

medical deterioration has already heightened to levels that cannot be corrected it leads to 

PD technique failure in the ESRD patient. The type of assisted care did not determine the 

level of technique failure indicating that the main determinant of the technique failure 

incidence was early recognition of deteriorating medical situations which were corrected 

at the appropriate time. 

On site availability of PD, case mix, funding, patient location, and reimbursement 

do not determine the technique failure in PD. According to Hingwala et al. (2013), if the 

PD attempt was maximized, a significant amount of resources can be saved or even 

directed to a much larger population of ESRD patients. Hingwala et al. (2013) conducted 

a study to examine the differences in patient PD attempt rates between nephrologists 

using technique survival and mortality as the outcomes. The highest attempt rate was 

compared with the lowest where all the results were significant. In the study while 

comparing the largest attempt and the lowest attempt it was found that the factors limiting 

PD utilization did not include case mix, funding, availability of PD and the location of 

the patient. This illustrates that PD technique failure is not facilitated by location of the 

funding which should encourage many ESRD patients to have high PD attempts to 

reduce the technique failure. 



63 

 

PD and HD are simple, safe, and efficient therapy methods. According to 

Burdmann and Chakravarthi (2011), it is possible to correct acute kidney injury and 

volume overload both in and out of the intensive care unit settings through the use of high 

volume PD and HD. Burdmann and Chakravarthi (2011) in their study advocate the use 

of PD and HD to children patients with refractory Cardiovascular Disease or 

hemodynamic ally instable conditions to reduce technique failure. 

Causes of technique failure. The technique failure results from the switching 

from one modality to another. The most common switching method in most patients is 

the switch from PD to HD where patients switch to HD due to some reasons. The major 

cause of technique failure in ESRD patients is peritonitis which occurs majorly within the 

first 1 to 2 years after initiating from PD (Chaudhary, 2011). Peritonitis causes of 

technique failure have increased from studies conducted in major dialysis centers. A 

study conducted on 292 PD patients that involved 28 dialysis centers indicated that 

24.8% of PD patients switched from PD to HD where 40% of the patients switched 

within the first one year and 70% switched within two years (Chaudhary, 2011). In 

addition, ultrafiltration, as well as volume overload, is also a major cause of technique 

failure. Patients are characterized to engage in taking large volumes of salts and water. 

The patients are therefore faced with inadequate solute clearance (Quinn et al., 2010).  

The cause of technique failure can also be attributed to the mechanical failure of 

the equipment used in performing the dialysis. The failure of the equipment is attributed 

to catheter failure which may malfunction or block. In addition, patients may have 

technique failure due to psychosocial factors accompanying the patient. Similarly, death 
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may also be a cause of technique failure where patients die due to complications accrued 

with an individual modality (Quinn et al., 2010). The early detection of the factors that 

contribute to technique failure can lead to technique survival. Patients under dialysis 

mode are often advised to monitor their infection rates, loss of renal replacement therapy 

and changes in the peritoneal membrane that help in early detection of technique failure. 

The early detection of technique failure help patients to overcome the causes of PD 

cessations, psychosocial factors as well as the reduction of mortality rates (Bechade et al., 

2014).  

The Choice between Different Modalities and the Dialysis Center 

There are two commonly used modalities of dialysis for treating patients with the 

ESRD. PD and HD are the two commonly used modalities of treatment and they differ in 

terms of techniques (Barone et al., 2014). A large number of patients suffering from 

ESRD have been on either of these two modalities of treatment. The choice of either of 

the treatment modalities depends on a number of factors. Studies conducted about the 

difference between these modalities have shown some significance difference. These 

differences are well manifested in the quality of life, social and emotional well-being 

(McDonald et al., 2009). The choice of modality treatment affects the quality of life of 

the patient. Historically, the survival of patients under HD was considered greater than 

those on PD.  

Initially, it was believed that patients who started with HD had survival advantage 

as compared to those who were on HD. Until the 1990’s some studies reported survival 

advantage of the patients who start with HD as compared to PD (Ronco, Dell’Aquila, & 
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Rodighiero, 2006). However, there was no enough literature to support this claim and 

therefore it called for enough research to be done on this field. Nevertheless, there were 

some external factors that influenced the application of HD instead of PD. 

Elderly patients who were suffering from concomitant diseases were subjected to 

PD. This was also driven by the shortage of HD units. It was also influenced by clinical 

and social contraindications that could not allow the patient to undergo HD (McDonald et 

al., 2009). However, some recent studies have indicated that there is no significant 

difference in any of the modalities. 

In the early 2000’s the patients were directed towards the treatment which was 

most beneficial to them. According to Sisca and Pizzareli (2002), there lacked a 

significant disparity in the expected survival rates between the different treatment 

methods. Both PD and HD were considered similar in terms of the expected survival for 

patients in all the ages, genders and other demographic factors. Even though HD is the 

most common modality of dialysis, it has another variant known as HDF. 

In HDF, more fluid is removed by the dialysis machine in the process of 

treatment. This implies that the blood is cleansed better. Nevertheless, the removed fluid 

has to be replaced and this calls for another session that last as long as the session of HD 

(Ronco, Canaud, & Aljama, 2007). This modality involves the use of sophisticated 

instruments and therefore it is not commonly used due to the financial constraints (Ronco 

et al., 2007). The choice between the public and private dialysis centers in United States 

is also influenced by some factors.  
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Most people who want to seek dialysis services prefer the public units. The public 

units are said to be more equipped than the private units (Barone et al., 2014). The 

National Health Service finances the purchase of the equipment. The patients therefore 

believe that any complication that arises from the procedures would be well dealt with 

when the patient is at the public unit. The choice of the modality and center is, therefore, 

said to be influenced by the preferences of the patients and the clinical advice of the 

physicians. The preference of the modality might be influenced by the patient’s 

knowledge of dialysis modalities. Foley et al. (2014) noted that a patient’s commitments 

such as work and family influence the choice of dialysis center. Hence, the patient plays a 

great role in determination of the dialysis modality and the center. 

The urgent start of dialysis using PD for ESRD patients is feasible as compared to 

the use of hemodialysis. .As the number of patients with end-stage renal disease is on the 

rise, there is a need to adopt a strategy of minimizing the prevalence which is enhanced 

through dialysis. .According to the United States Renal Data System 2014 annual report 

data, it is estimated that there is 0.14% prevalence of patients with end-stage renal disease 

(Jin et al., 2016). Patients with ESRD do not have a distinct plan for starting dialysis 

which calls for urgent dialysis. The urgent start of dialysis using peritoneal dialysis has 

been considered by most nephrologists since it does not require functional pre-established 

vascular access. Hemodialysis used in most healthcare centers requires the high use of 

central venous catheter at the time of initiating dialysis (Jin et al., 2016). The urgent start 

of dialysis using PD can serve patients well. The urgent start of dialysis by use of 
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hemodialysis is associated with a probability of bacteremia infections as compared to 

patients starting dialysis under PD mode.  

Peritoneal Dialysis versus Hemodialysis in Adults 

Single center 

Improvement of survival rates because of timely shift of PD to HD. Studies have 

been conducted to investigate the improvements of survival rates as a result of timely 

shift of PD to HD. Panagoutsos et al. (2008) focused on patients from Greece who were 

on dialysis for 10 years in a single Division of Nephrology. The researchers determined 

five-year survival rates for 299 patients and considered factors such as gender, age, serum 

albumin, and common diseases. The researchers compared three categories of patients 

including those who were starting PD, those who were starting HD, and those who were 

changing from PD to HD. The researchers also evaluated use of serum albumin and 

dialysis dose between the groups and established that there was no significant variance. 

The study established two survival curve phases; PD is boosted by RRF in the initial 

phase while the second phase is characterized by a loss of RRF. The study also 

established an increase in the mortality risk among PD patients resulting from a decline in 

Kt/V (Panagoutsos et al., 2008). 

The use of PD has been well established all over the world as a therapy of renal 

replacement in ESRD patients. Nevertheless, there is need for timely shift from PD to HD 

for variety of reasons. These reasons include repeated infections and peritoneal 

membrane function. The shift should be timed when the patient has mature AVF 

(Panagoutsos et al., 2008).  
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There are various benefits accrued to timely shift from PD to HD. Improved 

mortality rate is the main aim for the shift to HD. Panagoutsos et al. (2008) carried out a 

research which involved patients who started their treatment during the last 10 years. 

There were 33 PD patients who ranged from 40 years to 70 years of age who transferred 

to HD, another 134 PD patients who were aged between 53 years and 75 years used only 

PD. The study also involved 132 patients aged between 32 years and 64 years of age who 

started and remained in HD. The main reasons why the patients transferred to HD were 

loss of ultrafiltration and relapsed peritonitis. The results indicated that 3-year survival 

rates for those who changed dialyses were 97%, those who started and remained in PD 

were 54%, and those who started and remained in HD were 92%. For 5-year survival 

rate, those who shifted indicated a rate of 81%, those who remained in PD indicated 28%, 

and those who remained in HD indicated a rate of 83%. These results indicated that 3-

year survival rate was significantly higher for the patients who shifted from PD to HD 

than those who remained in PD or HD. It was also evident that the 5-year survival rate 

was higher in the patients who shifted than those who remained in PD. However, there 

was no significant difference in the HD patients. It was therefore evident that the transfer 

of patients from PD to HD improved their survival after they develop PD related 

complications. However the study did not determine the optimal switching time. This 

study will aim to fill this gap.  

In addition, studies have shown that although peritoneal dialysis has many 

advantages compared to hemodialysis, the dialysis modality remains underutilized as the 

initial modality of the end-stage renal disease patients (Contreras et al., 2014). A majority 
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of patients in the United States (93%) starts dialysis through the use of HD modality 

(Ghaffari et al., 2013). A majority of ESRD patients starts dialysis using HD due to the 

ease of initiating HD, physician experience and training, lack of PD infrastructure to 

enhance successful dialysis by use of PD as well as inadequate pre-ESRD patient 

education. The PD dialysis modality has been observed to have a high survival advantage 

in the early years of dialysis initiation. The early survival advantage is independent of 

patient’s characteristics such as age as well as co-morbidities such as diabetes and 

cardiovascular diseases. The PD has shown significant improvement of mortality rates in 

the first year of dialysis whereas the HD has not shown the significant improvement since 

the 1990s (Ghaffari et al., 2013). The PD modality is associated with improved quality of 

life as well as reduced costs. Patients who switch from PD to HD have the same cost of 

dialysis as patients under HD dialysis modality only. In addition, initial dialysis through 

the use of PD is associated with management and improvement of residual renal function. 

Managed residual renal function improves patient’s survival rates (Ghaffari et al., 2013). 

Moreover, Beladi et al. (2015) indicated that there is increased patients’ survival 

advantage of PD patients during the first year of initiating dialysis. Pajek et al. (2014) 

indicated that timely switching from PD to HD due to technique failure improves 

patients’ outcomes and survival. The mortality rates of patients are decreased.  

Comparison of clinical outcomes of PD and HD in elderly patients. There is an 

increasing growth of elderly patients seeking dialysis treatment in the U.S.A. It is 

therefore important to determine the most efficient modality and the best way to 

implement either of the modalities. The dialysis, PD and HD differ in terms of quality of 
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life and particularly to the elderly who are more exposed than the younger patients 

(Aghakhani, Samadzadeh, Mafi, & Rahbar, 2012). In United States, PD is less frequently 

used in elderly patients as compared to younger patients, different studies have defined 

elderly patients differently with some of the defining it as those aged 65 and above while 

other defining it as those aged 75 and above. In 2009, the USRDS data depicted that 12% 

of the dialysis patients aged 20 to 55 were on PD while only 4% of the patients aged 75 

and above were on PD. But this different when compared with other countries like France 

where PD is dominant in elderly patients. In France more than half of the PD patients are 

aged 70 years and above. In Hong Kong, of all the patients who are on dialysis, 80% are 

on PD. In United Kingdom, 17% of the elderly patients are on PD, while in Canada; only 

12% of the elderly patients are on PD. This is a clear indication that the modality choice 

varies from one country to the other. 

The cost of the modality treatments does not seem to affect the choice of mode of 

treatment. In United States, the cost of HD is relatively higher than that of PD. The 

choice of HD against PD by the elderly patients has some financial implications. The 

wide use of HD by the elderly patients is enhanced by the resource availability and 

cultural issues (Wright, 2009). This implies that there is no significant difference in the 

outcomes of the modalities and the choice might be affected by other factors such as 

cultural issues. However, there are other factors that may be considered in choosing 

either PD or HD. 

There are challenges that are evident in using either PD or HD for elderly 

patients. Quality of life is predominantly important for the elderly patients on dialysis. 
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One factor is travel time to and from the dialysis center which can have a negative impact 

on patient’s quality of life as well as the patient’s caregiver (Joshi, 2014). The patients 

are also required to have a peritoneum that is not disrupted by prior surgeries and ability 

to perform daily medical technique. It is, therefore, important to assist the patient who 

cannot be able to perform these tasks. The main advantage of PD is that it is 

physiologically gentle and it can be performed at home. However, in comparison of 

clinical outcomes of these two modalities, it is good to consider the effect on infection 

rate. 

Younger patients have portrayed better quality of life when subjected to PD as 

compared to HD (Barone et al., 2014). For elderly patients, they portray the same quality 

of life across PD and HD. PD is appropriate for any patient who would like to dialyze at 

night and those who place a lot of value on independence (Barone, et al., 2014). Elderly 

patients therefore consider other factors except quality of life in choosing the modality 

treatment. Those who would like to dialyze at night can use PD. However, younger 

patients portray better quality of life on PD. Nutrition is another clinical outcome that 

should be considered across all the modalities in elderly patients. 

Multicenter 

Mortality between HD and PD dialysis patients. Multicenter has demonstrated 

different results as compared to single-center in respect to mortality rate of HD and PD. 

A study by Chiu et al. (2011) analyzed the mortality data from 822 consecutive patients 

starting the dialysis process in 11 centers. The study involved extensive collection of 

comorbidity data before the patient started the dialysis process with an average follow up 
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of 24 months. There was a significant difference with respect to HD and PD patient’s 

hemoglobin (Hb), age, comorbidity and albumin score. It was observed that the HD 

group had significantly higher scores. Data was also collected in relation to severity of 

disease and acuity of onset of the renal failure.  

A comparison of mortality data from both groups indicated that no disparities 

between the survival rates of the two groups. The researchers deduced that the apparent 

initial survival advantage of PD patients in previous studies could be as a result of lower 

incidence of important start in PD cohorts and lower comorbidity (Chiu et al., 2011). This 

study affirmed that the survival advantage in any of the two treatment modes was lost due 

to adjustment of comorbidities and acute start in the final phase.  

Research has indicated differences in mortality and survival rates of ESRD 

patients under PD and HD dialysis modalities. The differences are observed due to the 

different causes of ESRD, differences in age, co-morbid diseases, and the time of 

initiation of dialysis (Beladi Mousavi, Hayati, Valavi, Rekabi, & Mousavi, 2015). The 

mortality of ESRD patients varies with the presence and absence of diabetes mellitus, 

where survival is worst for patients with diabetic nephropathy. In addition, Yang et al. 

(2015) observed that mortality of ESRD patients is higher for patients undergoing 

dialysis through PD as compared to patients under HD modality.  

Effect of duration of dialysis on mortality in HD and PD dialysis. The duration 

period under which the patient undergoes the treatment affects the mortality rate of the 

patients. Yamagata et al. (2012) conducted a study involving 1222 new patients starting a 

dialysis process for over a period of four years in Japan. The study was a large, 
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prospective, observational, multicenter cohort study. The collected data focused on 

primary renal disease, RRF comorbidities, albumin, and efficacy of dialysis, the patients’ 

nourishment status, and Hb at the start of the dialysis process and at various stages during 

the 4 years study period. Subgroups were analyzed according to variables such as gender, 

diabetes, age, and cardiovascular disease (CVD). Averagely, the HD cohort had more 

comorbid conditions, was older, had poorer RRF, and lower Hb. There was no 

noteworthy disparity in serum albumin. The researchers also noted that the unadjusted 

mortality rates were considerably higher in the HD group, mainly in the initial 12 months 

after start of the dialysis process and remained comparatively static until the fourth year. 

The findings also indicated that the mortality rates among the PD group increased over 

the four years observation period. There were unsubstantial differences in the intent as 

treated or to-treat analyses. After the adjustment, the relative risk (RR) of death for HD 

was not statistically significant as compared with PD patients until one year, but showed 

a significant PD advantage. Nevertheless, an RR disadvantage was discovered with PD 

up until two years for patients with varying ages. 

For patients aged less than 60 years with no diabetes, there was no statistical 

significant discrepancy in the survival rates between HD and PD during the course of the 

study. For the younger group of patients suffering from diabetes, a significantly higher 

mortality rate among the HD patients in the period of up to two years was noted 

(Yamagata et al., 2012). Irrespective of diabetic status, gender or CVD status, the two to 

four year analysis portrayed a survival benefit in favor of HD patients for all patients 

older than 60 years. It was, therefore, concluded that the use of PD for a long-term, 
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particularly among the elderly, is related to an increment in mortality. Further studies 

were also recommended to investigate the probable survival advantage among PD 

patients who timely shift to the HD treatment modality.  

Comparison between PD and HD in relation to mortality risk in patients with 

chronic kidney disease. Chronic kidney disease affected the mortality rate of the patients 

on PD and HD. Maier et al. (2009) conducted a research study among 1,041 patients on 

PD and HD from 81 dialysis clinics. This prospective study took place for a period of 

seven (7) years. Data were gathered on disease severity and coexisting diseases along 

with sex, age, racial or ethnic background, Hb, C-reactive protein, serum albumin, BMI, 

and residual urine output. Following the calculations, there were no significant disparities 

in the mortality risk between PD and HD patients who were receiving treatment for the 

first one year. Conversely, after being on treatment for two years, the risk of mortality 

was notably greater among PD patients. Although an increased death risk with PD use for 

elderly or diabetic patients was not detected, a slightly higher risk of death among certain 

groups on PD particularly the patients who had a history of CVD. 

Registry data analysis. This section highlights some of the published registry 

data analysis done in various countries such as Netherlands, USA, Italy, Denmark, and 

Canada. 

Adjusted mortality rates between HD and PD dialysis. A register data analysis of 

the Taiwan Organ Replacement was conducted by Huang, Cheng, and Wu (2008). The 

study was done on 11,970 patients who were suffering from stage five kidney disease and 

involved a follow up of up to five years. Where deaths occurred, they were associated 
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with the treatment modalities that the patients were receiving before death (Huang et al., 

2008). Compiled data from the study and calculated for primary renal disease, age, pre-

dialysis comorbidities, and center size. The study findings indicated that the risk of 

mortality for patients starting the PD treatment was 73% compared to that of the patients 

who were commencing with HD when considering certain predictive factors; but, this 

became less evident when certain subgroups were removed from the data (particularly for 

those over the age of 65 years and with diabetes). The death rate for patients on PD 

increased over a period of time while the survival rate among HD patients formed a U 

shape. 

Mortality in end-stage renal disease. Registry data was used to analyze survival 

rate in ESRD in Canada. The data involved 204,000 incident and prevalent patients for a 

period of over 7 years. There were noteworthy disparities in the rates of mortality based 

on different aspects including age, gender, and diabetes. However, there lacked 

significant disparities in the death rates for non-diabetic HD and PD patients with regards 

to race, gender, or age. On the other hand, patients aged 50 years and above and who 

suffered from diabetes portrayed significant increase in the risk of mortality on PD and 

HD (Yeates et al., 2012). The risk was higher among females rather than males. This was 

apparently the primary noteworthy interaction of gender-by-treatment that was identified. 

A significantly lower mortality rate was recorded among patients below the age of 50 

years when the ESRD patient was treated with PD compared to HD. 

The number of patients receiving treatment as a result of end-stage renal disease 

is increasing. Patients observed to have chronic kidney disease are at high risks of dying 
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due to cardiovascular sources. The patients are faced with sudden cardiac deaths due to 

arrhythmias (Chen et al., 2014). The mortality of ESRD patients with cardiovascular 

diseases has been reduced by the use of implantable cardioverter defibrillators (ICDs). 

The ICDs also serve the role of reducing the risk of getting heart attacks. The patients 

with chronic kidney disease for both men and women have been found to have lower life 

expectancy. The life expectancy has been observed to decline for the patients with kidney 

failure (Turin et al., 2012). People with diabetes have been observed to have greatly 

reduced life expectancies. A study conducted indicated that patients with diabetes have 

eight years life expectancy less than patients that are non-diabetic (Turin et al., 2012). 

The mortality rates for patients with ESRD are thus on the rise such that the survival rate 

of patients is less than the patients with AIDs. The survival rate decreases as the patients 

ages (O’Connor & Corcoran, 2012). 

Comparison of initial survival advantage of PD against HD. The use of PD in 

United States has increased due to its low cost, convenience and simplicity. The survival 

rate and quality of life has also improved in this modality due to antibiotic prophylaxis, 

advances in technique, and the newer solutions that are available. The rate of 

complications that are associated with PD has also reduced due to these advances 

(Pranav, Harbaksh, & Kunal 2011). The achievement of adequate clearance associated 

with PD and the perception by nephrologists on better survival rates on HD has really 

influenced the choice of modality globally. Nevertheless, studies have shown that 

initiating the treatments on PD is advantageous as compared to initiating the treatment on 

HD. 
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All ESRD patients have the goal of improving the survival rate, reduce morbidity, 

preserving residual renal function and improving the quality of life. It happens that most 

of the ESRD patients will receive HD, PD and renal transplantation at a particular point 

in their lifetime. The rate of survival for the first 2 years is higher in PD than in HD 

.Other factors that compel the use of PD first are convenience of home therapy, increased 

freedom for the patient. Preservation of residual renal function is another factor that 

compels the ESRD patients to start with PD. 

Residual renal function (RRF) is a very important factor clinically because it 

contributes to quality of life, adequacy of dialysis, and mortality in dialysis patients. The 

reduction in RRF reduces middle and small molecular weight toxin clearance increase 

phosphorous, sodium and water retention and decreases erythropoietin synthesis (Wang 

& Lai, 2006). The loss consequently leads to malnutrition, anemia, cardiac hypertrophy, 

congestive Cardiovascular Disease atherosclerosis, valvular calcification, vascular and 

increase in cardiovascular mortality and morbidity. Another factor that compels the 

ESRD patients to start with PD is lower infection and hospitalization rates. Infection is 

the other major cause of death for dialysis patients. According to Aslam, Bernardini, 

Fried, Burr, and Piraino (2006), the rate of admission for septicemia/bacteremia is 1.5 to 

2.3 times higher for the HD patients as compared to PD patients. The introduction of Y 

set systems and twin bags has reduced the rate of PD peritonitis in the recent past. 

Therefore, there is reduction of the rate of infection for the PD patients as compared to 

HD patients and this compels the ESRD patients to start with PD instead of HD. Patient 

satisfaction is another factor that compels the ESRD patients to start with PD.  
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One can receive home based therapy through PD. This eliminates the need for 

going to the dialysis unit for three times a week. The PD patients commonly visit their 

physician once in every month. Due to the flexibility of PD, ESRD patients can travel 

and participate in various different activities (Wasserfallen et al., 2006). Patients on PD 

give excellent ratings of dialysis as compared to HD patients. This level of satisfaction is 

also observed across all the demographic factors such as age gender, race, education, 

marital status, distance from the center, employment factors, and time since the start of 

dialysis (Lukowsky et al., 2013). It therefore follows that the level of satisfaction for the 

PD patients is higher that of HD patients. Nevertheless, the advantage of starting with PD 

is also affected by other demographic factors such as age, gender, and sex. 

Initial response of the treatment differs along the demographic factors. According 

to the study conducted by Sens et al. (2011), the factors taken into consideration were 

sex, age, and primary renal disease. The results portrayed a substantial advantage of PD 

as compared to HD for up to 2 years of dialysis after which the results were substantially 

similar. The difference was not significant for older patients as well as those with 

diabetes, but there was no subgroup where the use of PD in treatment had a statistically 

substantial detrimental effect. When the patients were first subjected to PD, the survival 

rate was better as compared to HD. However, older patients never showed any significant 

difference. 

Comparison of survival outcomes for ESRD patients in PD and HD modalities. 

Peritoneal dialysis and Hemodialysis are widely recognized renal replacement therapies 

for end-stage renal disease patients (Liu et al., 2013). Observational studies have 
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attempted to establish the mortality rates of ESRD patients using hemodialysis and 

peritoneal dialysis. However, it is not yet clear as to which modality prolongs the survival 

rates of ESRD patients (Yang et al., 2015). Moreover, the survival rates of patients with 

cardiovascular diseases between peritoneal dialysis and hemodialysis have not yet been 

established (Liu et al., 2013). Similarly, there exist conflicting results about the mortality 

rates of ESRD patients in different studies. The conflicting findings arise due to 

differences in methodology of the studies as well as the period of follow-up (Liu et al., 

2013). However, a study conducted by Yang et al. (2015) revealed that survival outcome 

for ESRD patients for the year of treatment is not significantly different for patients under 

hemodialysis and peritoneal dialysis. In the long term, patients initiating treatment using 

peritoneal dialysis had higher mortality rates compared to patients under hemodialysis 

(Heaf & Wehberg, 2014). Moreover, young patients without cardiovascular diseases and 

diabetes mellitus perform better while under peritoneal dialysis than in hemodialysis 

(Yang et al., 2015). 

Comparison of HD and PD dialysis survival in the Netherlands. A study was 

carried out based on data from the Dutch End-Stage Renal Disease Registry (RENINE). 

The study involved 16,643 patients and was carried out for a period of 15 years. Of 

interest to the study while computing was gender, age, year of start of dialysis, center of 

dialysis, and the primary renal disease. The results verified an early survival benefit for 

PD compared with HD therapy (Liem, Wong, Hunink, Charro, & Winkelmayer, 2010). 

Nevertheless, the survival benefit diminished with age and the presence of diabetes as a 

result of renal failure. 
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Registry data studies on specific patient subgroups 

Development of cardiovascular disease through modality of treatment in 

patients suffering from end-stage kidney disease. Depending on the modality treatment, 

the development of cardiovascular disease varies. A study that involved 4,191 patients for 

a period of three years was conducted. Their aim was to look at both the risk of 

developing CVD and mortality depending on the choice of modality. Germane endpoints 

for the study included death, chronic Cardiovascular Disease or the development of 

ischemic heart disease. CVD was determined by conditions such as; myocardial 

infarction, congestive cardiac failure, and coronary artery disease. The results, when 

computed for age, established CVD, and gender, failed to indicate any significant 

disparities in the survival rates of patients undertaking PD and those on HD (Zyga & 

Kolovos, 2013). Similarly, no significant difference was witnessed in the patient number 

in either modality group that developed CVD. 

To further explore the differences on modality groups, Zyga and Kolovos (2013) 

utilized prevalence data for 107, 922 new patients for a period of two years to determine 

whether PD enhanced survival rates among patients suffering from congestive 

Cardiovascular Disease (CHF) compared to HD. CHF was determined from the patients’ 

medical evidence records and the data was combined with the USRDS transplant and 

mortality data. The researchers also computed the data different comorbidities such as 

gender, age, peripheral vascular disease, glomerular filtration rate, body mass index, and 

cancer. The study established that the comorbidities were minimized when patients 

switched modalities. On average, follow up on patients was conducted for a period of 12 
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months. The computed data of the total patient group portrayed a minimized risk of death 

among PD in comparison to HD for the initial 12 months. The study findings indicated no 

difference in survival rates between the periods of 12 to 18 months, but indicated a 

considerably increased risk of death after the 18 months period. When the data analysis 

for subgroup was performed, a substantially lower survival rate for diabetic and non-

diabetic patients with CHF was determined after six (6) months if they started with PD 

treatment modality compared to when they started with HD therapy. There was a 10% 

lower mortality risk for non-diabetic patients without CHF if they commenced with PD 

compared with HD. 

Mortality differences by dialysis modality without and with coronary artery 

disease. Mortality of patients with coronary artery disease (CAD) differs with respect to 

dialysis modality. Patients with CAD tend to have a higher risk of death. According to a 

study conducted by Wang et al. (2003) using data from US Medicare and Medicaid 

services which was merged with data from United States Renal Data System (USRDS), 

there were some significant differences in the risk of death on patients who were under 

HD or PD modality. The study revealed that patients with CAD and who commenced 

with PD had a higher relative risk of death by 23%. The patients with CAD demonstrated 

a higher risk of mortality when the mode of treatment that they were subjected to first 

was PD. However, the question of whether those patients without CAD showed any 

significant difference in mortality with respect to the modality used arises. 

Patients without CAD also demonstrated different mortality when subjected to 

different modalities. The patients demonstrated an initial survival advantage when they 
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commenced on PD for the initial six months and later an advantage in survival when on 

HD (Wang et al., 2013). It was, therefore, evident that patients with CAD had a higher a 

risk of death when commenced on PD as compared to when on HD. It was also evident 

that patients without CAD had a higher survival in long run when under HD. 

Mortality differences by dialysis modality with and without diabetes disease. The 

mortality rates of ESRD patients with diabetes are high due to poor and strict glycemic 

control of diabetes mellitus. The patients with diabetes are at high risk of dying while 

undergoing the hemodialysis mode. The chances of survival for people aged 60 years and 

below with diabetes are poor as compared to the people aged 65 years and above (Park et 

al., 2015). The number of patients with diabetes is alarming where survival rates of the 

patients are a major concern due to lack of kidney donors. In turn, the dialysis modality is 

aiding in reducing the incidences of the death outcomes. The survival rates for diabetic 

patients with ESRD are much worse than non-diabetic patients. The survival rates of 

diabetic patients with ESRD are high for patients under peritoneal dialysis than patients 

on hemodialysis (Cotovio, Rocha, & Rodrigues, 2011). The peritoneal dialysis has been 

observed to be effective in helping diabetic ESRD patients to lower their levels of ultra-

filtration. The diabetic patients under peritoneal dialysis also benefit from the 

abandonment of creating an arteriovenous fistula that fastens cardiac load thus, 

accelerating heart failure (Cotovio et al., 2011).  

Despite the wide acceptance of peritoneal dialysis in increasing survival rates for 

diabetic patients, few of the patients adopt the dialysis mode. The choice on the type of 

dialysis mode on adopting HD or PD for diabetic patients should be made on the basis of 
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medical grounds, clinical complications accrued as well as wishes of the patient. 

However, high mortality rates are accounted for ESRD patients under hemodialysis 

mode. The leading cause of mortality rate is accounted by the increase in cardiovascular 

diseases especially diabetes (Koeda, Ogawa, Ito, Tsutsui & Nitta, 2014). The diabetes 

causes the emergence of diseases such as atherosclerosis and left ventricle diastolic 

dysfunction that reduces survival rates of ESRD patients. Therefore, incidences of 

diabetes in ESRD patients under hemodialysis are high which causes an increase in 

mortality rates (Koeda et al., 2014). 

Summary of the evidence. Some studies have shown that PD mode of treatment 

is generally as equal to treatment through HD but when sub-groups such as gender, age, 

and diabetes are considered, a difference in the survival rate of the patients is observed. 

As previously indicated, (Zyga & Kolovos, 2013; Wang et al., 2013) demonstrated that 

commencement with PD is better when dealing with younger patients. The survival 

advantage however disappears after two to five years during which the patient should 

consider switching to HD. For the older patients with cardiac comorbidities or diabetes, 

there is low probability of survival when started with PD therapy (Sens et al., 2011). The 

influence of modality choice in respect to the patient characteristic is should therefore be 

considered. 

Utilization of ESRD Modalities by Patient Characteristics 

There are factors that influence the choice of treatment modality with respect to 

age, sex cause of ESRD and race. Younger patients had a higher chance of functioning 

transplants that the older counterparts (Allen et al., 2001). The results for this study were 
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as follows; 68.1% of patients under the age of 20 had functioning transplant, 48.8% of the 

ones in the age bracket of 20-44 had a functioning transplant, 31.6% of those in the 45-64 

age group had a functioning transplant and 6.8% of those aged 65 and above had a 

successful renal transplant. These results indicated a trend in functioning transplant in 

accordance to the age. Nevertheless, sex is another factor that influences the choice of 

modality for patients with ESRD. 

Sex affects the modality choice for patients with ESRD. Males have shown a 

higher possibility of having a functioning transplant as compared to females. According 

to Allen et al. (2011), males demonstrated 30.8% higher chance of having a successful 

and functioning transplant as compared to 24.8% in females. This is a clear indication 

that for the patients with ESRD, males had a better chance of having a successful 

transplant. Another cause of influence that is of interest is the cause of ESRD. 

The cause of ESRD also showed some differences in the choice of modality. 

Allen et al. (2011) confirmed that patients with cystic kidney and glomerulonephritis had 

a higher chance of having a successful and functional transplant as compared to prevalent 

patients with diabetes or hypertension. Allen et al. (2011) also pointed that these 

variations across disease categories in the choice of modality may also be influenced by 

the age or gender. With patients showing some significant difference across age, sex, and 

cause of ESRD, it is important to have in mind these effects before choosing the 

treatment modality. Hallan et al. (2012) evaluated the possible effect modification 

(interaction) by age of the association of eGFR and albuminuria with clinical risk. The 

meta-analysis included 2, 051, 244 participants from 33 general population or high-risk 
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(of vascular disease) cohorts and 13 CKD cohorts from Asia, Australasia, Europe, and 

North/South America, conducted in 1972-2011 with a mean follow-up time of 5.8 years 

(range, 0-31 years). The conclusion was that both low eGFR and high albuminuria were 

independently associated with mortality and ESRD regardless of age across a wide range 

of populations. 

Impact of Combining PD and HD Therapy on Peritoneal Function 

There are various effects of combining PD and HD on Peritoneal Function. The 

main advantages of peritoneal dialysis (PD) are continuous correction of acid–base 

equilibrium and retention of residual renal function (RRF). However, after RRF is lost, 

increase in the PD dose is limited; this results in possible inducement of uremic state and 

insufficient solute clearance. For such cases, the addition of hemodialysis (HD) to PD 

increases the ultrafiltration volume and dialysis dose, thereby optimizing dialysis. 

Agarwal, Clinard, and Burkart (2003) reported that the combination of HD and PD 

improved an ultrafiltration failure and insufficient dialysis dose. According to Moriishi et 

al. (2010), switching to PD 5 to 6 days per week, from PD 7 days per week combined 

with HD once per week, improves nutrition status, and increases the dialysis dose. 

Moriishi et al. (2010) reported that a combination of both PD and HD is a simple and 

reliable method for increasing the dose of dialysis after RRF loss. Nevertheless, the 

combination procedure should be keenly followed in terms of the number of times that it 

should be administered per week. 

In combination therapy of PD and HD, HD is performed 1 to 2 times per week, 

which implies there is a period through which no dialysis solution is reserved in the 



86 

 

abdominal cavity. On top of that, the ultrafiltration volume is mainly controlled by HD, 

which in turn reduces the need to use the solution for high-glucose dialysis thus lowering 

the glucose load. These advantages have been suggested to influence peritoneal function. 

RRF is a vital prognostic factor in PD patients. However, RRF is lost in duration of 

several years, the solute clearance becomes inadequate, and extra body fluid mounts up in 

such patients. Matsuo et al.(2010) showed that an increase in the clearance of low 

molecular weight solutes failed to improve prognosis. Frequent use of hypertonic solution 

and increase in the volume of dialysis solution did not improve survival; instead, these 

techniques enhanced the impairment of peritoneal function and accelerated the 

occurrence of encapsulating peritoneal sclerosis (EPS). 

A study that involved 76 patients for a period of 12 years was carried out to 

investigate the effect of the combination. A peritoneal equilibrium test (PET) was 

performed at the beginning of a combination of PD and HD therapy and this test was 

used to group patients into four, based on the dialysate to plasma ratio of creatinine (D/P 

Cr). The groups were; 

• High (H=5) 

• High average (HA=29) 

• Low average (LA=26) 

• Low (L=16) 

The D/P remained high in the H group but declined significantly in the HA group 

and appeared to decline in the LA and L groups. The eFDP level decreased noticeably 

after initiation of a combination of PD and HD therapy in H group, although the change 
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was not significant. According to Moriishi et al. (2010), therapy with PD and HD led to 

retention of peritoneal function in patients who had lost RRF and aided continuation of 

PD. Nevertheless, peritoneal function failed to improve in patients with already 

deteriorated function. A therapeutic method change should thus be considered for such 

patients.  

National Dialysis Center 

National Dialysis Center is an international health care group that operates more 

than 3,250 dialysis centers around the world and bases its dialysis treatment on high 

quality standards (National Dialysis Center, 2015a).Hemodialysis, acute dialysis, 

peritoneal dialysis, dialysis care, spectra laboratories, liver support therapy, and 

therapeutical apheresis among other services. Most patients undergo hemodialysis out-

patient treatment at one of approximately 28,000 dialysis centers around the world. The 

organization uses clinical databases to improve integrated quality management which 

also support nephrologists while taking care of patients. The corporation collects 

treatment information from dialysis patients in databases, allowing comparisons of 

treatment quality between dialysis centers. 

Summary and Conclusions 

The literature review shows that dialysis modes HD and PD have varied outcome 

that is affected by socio demographic factors such as age, gender and education level and 

presence of other diseases. One of these outcomes is technique failure which can be 

indicated by loss of renal function in PD patients necessitating a switch to HD. It is 

known that outcome is affected by other factors but knowledge in of the role of factors in 
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preserving renal function and technique success and failure is limited. The studies in this 

aspect used  a small sample size of not more than 1300 but this study will fill this gap by 

using a large sample size drawn from a national population. This chapter has showed 

what is known and the gap that this study will seek to fill. The following chapter (chapter 

three) gives an in depth description of how the researcher will conduct the research in 

order to fill the gap identified. The research methodology and design will be discussed. 

The population and sample will also be included in the discussion. Moreover, the data 

collection procedure and data analysis will be presented. 
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Chapter 3: Research Method 

Introduction 

The main objective of the study was to examine the optimal timing of the switch 

from PD to HD in maintaining renal function and the impact of demographic factors (age, 

gender) and comorbidities (diabetes, CVD). In this study, optimal timing was defined as 

the period within the first 6 months when switching from PD to HD improves ESRD 

patient outcomes as demonstrated by an improvement in the patients’ RRF, indicated by 

GFR. The optimal switching time was calculated as an average of the time taken for 

patients who switched to demonstrate an improvement in RRF as indicated by the GFR. 

The research methodology chapter highlights the actions that were taken in order to test 

the study hypotheses and answer the research questions. The chapter highlights the study 

population,  the sampling criteria, and data collection method that were adopted after 

application of power analysis to address the research questions and the hypotheses. This 

is followed by the data analysis plan which includes descriptive statistics to give 

meaningful summaries and inferential statistics to explore the relationships between the 

variables. I have identified and outlined the threats to validity taking into consideration 

the threats to internal and external validity. The last section of the chapter outlines the 

ethical considerations that were observed during the study. 

Research Design and Rationale 

In line with the study objectives and hypotheses, renal function and optimal 

dialysis for switching are the dependent variables while PD, HD, switching from PD to 

HD, social demographic factors (age, gender), and diseases (diabetes and CVD) are 



90 

 

independent variables. The diseases are assessed based on their presence or absence in 

ESRD patients. Creswell (2003) advised researchers to adopt research designs that enable 

them to collect and analyze data and clearly answer their research questions. In this 

regard, the best research design is one that most easily facilitates the collection of 

appropriate data and aligns with the research questions. The other factors that should be 

taken into consideration when determining the research design to adopt include time and 

accessibility of resources (Creswell, 2003; Johnson & Christensen, 2008).  

A quantitative research design is the collection and manipulation of numerical 

data with an aim of meaningfully describing the phenomenon that the data represented 

(Creswell, 2003). A quantitative research design is appropriate when the researcher 

intends to extract summaries from the data (Johnson & Christensen, 2008). I chose a 

quantitative design in order to support the research hypotheses and the preconceived 

relationship between the variables in the study. This aligns with a study by Johnson and 

Christensen (2008) who observed that if a researcher intends to statistically test 

hypotheses that explore relationship between two or more variables, a quantitative design 

is most appropriate. The three dialysis modes, social factors, and other diseases exhibit 

relationships which were best explored by a quantitative design. Specifically, I  adopted a 

cohort study design which allowed for evaluation of the ESRD patient clinical indices 

based on the data from the records of National Dialysis Center. National Dialysis Center 

was selected since it is known worldwide for providing dialysis services for persons with 

chronic kidney failure (National Dialysis Center, 2015a). The National Dialysis Center 
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database holds large amount of kidney dialysis records with over 290, 250 patients 

receiving 43 million treatments to date. 

Methodology 

Population 

A study population refers to the total number of the study subjects (Lu & Gatua, 

2014). The population in this study consisted of over 128, 000 ESRD patients across the 

U.S. who received treatment from National Dialysis Center. This included  patients from 

all ethnicities, ages, and gender from 2005 to 2015. Only ESRD patients with CVD and 

diabetes were part of the target population. 

Sampling and sampling procedures 

Sampling technique. It is not possible for researchers to study entire populations 

due to time and resource constraints. This leads to selection of samples from the 

population. Researchers use two key sampling techniques probability and nonprobability 

sampling (Onwuegbuzie, Slate, Leech, & Collins, 2009). Probability sampling creates a 

likelihood of every subject in the population being selected to be part of the study sample 

(Grafstrom & Lundstrom, 2013). This study adopted probability sampling; the study 

captured data of patients who have undergone three dialyses modes with other factors 

like diabetes and cardiovascular diseases. 

When a researcher is interested in studying the characteristics of subpopulations, 

the stratified random sampling should be used as a sampling technique to ensure all the 

subpopulations are captured in the final dataset (Khan, Ali, Raghav, & Bari, 2012). 

Stratified random sampling is applicable when clusters of population members exhibit 
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variation but have very similar traits within the clusters (Khan et al., 2012). Patients 

within the three dialysis modes are bound to exhibit unique characteristics of the dialysis 

mode. Stratified random sampling involves dividing the population into different 

homogenous strata then randomly selecting the desired sample size (Diaz-García & 

Ramos-Quiroga, 2014). In applying stratified random sampling in this study, the 

population was divided into homogenous strata of the three dialysis modes (PD, HD, and 

PD to HD) and then the required sample size was randomly drawn from each stratum. 

Sampling frame. How well a population is represented by a sample depends on 

the sample size, selection procedures, and the sample frame (Diaz-García & Ramos-

Quiroga, 2014). A sample frame is the proportion of the population who has the 

probability of being included in the sample by possessing the desired attributes (Diaz-

García & Ramos-Quiroga, 2014). The sampling frame must include traits that are in the 

population (Diaz-García & Ramos-Quiroga, 2014). In line with the research objectives, 

my study sampled included ESRD patients who began treatment in the USA. Only 

patients who had undergone dialysis with the treatment methods of HD, PD, and a switch 

from HD to PD were included. In line with the objective of testing the effect of presence 

of other diseases, the study sample included patients with CVD and those with diabetes. 

In addition, in order to meet the selection criteria the dialysis patients had to be 20 years 

of age or older. The selection criteria were developed to help identify as precise sample 

size and minimize possible sampling error. Table 1 demonstrates the sampling frame. 



93 

 

Table 1  

Sampling frame 

PD HD PD and HD 

List of patients aged 20 

years and above 

List of patients aged 20 

years and above 

List of patients aged 20 

years and above 

List of patients who have 

undergone dialysis 

List of patients who have 

undergone dialysis 

List of patients who have 

undergone dialysis 

List of ESRD patients List of ESRD patients List of ESRD patients 

List of patients who 

began treatment in USA 

List of patients who began 

treatment in USA 

List of patients who 

began treatment in USA 

List of patients with 

cardiovascular and 

diabetes disease 

List of patients with 

cardiovascular and diabetes 

disease 

List of patients with 

cardiovascular and 

diabetes disease 

 

Sample size. The sample size adopted for any study should enable the researcher 

to collect sufficient data that can answer the research questions (Lu & Gatua, 2014). The 

alpha level, effect size, and power of the test affect the sample size (Park, 2008). 

Additionally, the adopted sample size is influenced by constraints in time and resources. 

The power level is the probability of rejecting the null hypothesis when the alternative 

hypothesis is true (Park, 2008). A higher power level increases the probability of making 

the correct conclusion and as such in this study (Park, 2008); the power level was 0.9 in 

hypothesis testing for my study. A large power of the test indicates a higher probability of 
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rejecting the null hypothesis (Park, 2008). In quantitative design it is essential to outline 

the hypothesis testing procedure which includes rejection-acceptance standards by setting 

the alpha level (Figueiredo Filho et al., 2013). This is achieved by setting the alpha level. 

A smaller alpha level increases the chances of detecting any significance, but a very 

small alpha level will be stringent and require a large sample size to detect an effect 

(Figueiredo Filho et al., 2013). Effect size is a measure of the magnitude of a treatment 

effect which is established by quantifying the sizes of differences or the sizes of 

associations (Figueiredo Filho et al., 2013). The study utilized an alpha level of 0.05. 

Hagen, Lafranca, IJzermans, and Frank (2014) used an effect size of 0.04 for cohort and 

experimental studies while Ferguson (2009) recommended a small effect size for studies 

seeking to evaluate the effectiveness of an intervention. I chose an effect size of 0.038 for 

my study. Cunningham and McCrum-Gardner (2007) indicated that there is no set 

criterion for choosing the effect size and thus, it is influenced by researcher’s decision. In 

power analysis, the sample size is determined as a function of the three variables: the 

power, alpha level, and the effect size (Gelman & Carlin, 2014). G*Power was used to 

obtain the minimum sample to be used (McCrum-Gardner, 2014). With an alpha level of 

0.05, power of 0.9, and effect size of 0.038, the total sample size of my study was30,000, 

which were distributed in the three dialysis modes. I used a database with 128,000 

patients. The number of cases with renal failure was achieved through employing 

keyword renal failure within the search engine of medical databases following the 

sampling frame criterion and within the specified time frame since the National Dialysis 

Center has treated over 290,250 patients with kidney failure. The National Dialysis 
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Center is a worldwide center for addressing chronic kidney diseases such as kidney 

failure or renal failure (National Dialysis Center, 2015). I sought to use at least 30,000 

records but opted to use as many patient records as retrieved. This increased validity of 

the findings.  

Procedure for Data Collection 

Data collection entails assembling the data that are used to answer the research 

questions. There are two types of data: primary and secondary (Cresswell, 2009). Primary 

data is first-hand information that is sourced from the study subjects while secondary data 

is sourced from printed materials (Cresswell, 2009). This study was based on secondary 

data that was sourced from the records of National Dialysis Center. Permission was 

obtained from the management of National Dialysis Center in order to allow the 

researcher access the patients’ records. The permission was requested through the use of 

permission letter. A memorandum of understanding and data use agreement was obtained 

from the authorities from the medical center regarding the intended outcomes, study 

subjects, and the aim for which data was and was not be used. The Institution Review 

Board in my university assessed the validity of the memorandum of understanding and 

data use agreement documents. 

Data cleaning and screening. Data cleaning entails checking for inconsistencies, 

errors,  omissions, and the presence of outliers while taking the necessary steps to 

standardize the data (Maccio, Chiang, & Down, 2014). Testing for normality followed 

data cleaning (Mickey, Dunn, & Clark, 2004). Data cleaning also involved validation 
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checks in order to ensure that ethical considerations for data privacy were maintained 

during the data analysis.  

Data cleaning starts by outlining the possible inaccuracies, the methods to 

determine the errors, and how to correct the errors (Taneja, Ashri, Gupta, & Sharma, 

2014). In this study, I paid attention to different types of errors such as improperly 

spelled names of variables, null characters, outliers, inaccurate figures, and missing 

variables. Determining the erroneous values involved verifying the transposition of key 

values and checking for typographical mistakes and incorrectly entered data. The fields 

with more than one variable were also corrected accordingly. Verification of 

inconsistencies in the data were rectified by using descriptive statistics by determining 

the minimum, maximum, sum, and frequencies for the variables. I also utilized measures 

of central tendency such as standard deviation, mean, range, and mode. In the case of 

continuous variables, like age, scatter plots were used to check of outliers. 

Data Analysis Plan 

This section highlights in detail how the data was analyzed to obtain answers to 

the research questions. The section begins by outlining the research questions and 

hypotheses to be used in analysis. Statistical tests that were performed to analyze the data 

in line with the study questions and hypotheses are clearly outlined. Statistical Package 

for Social Scientists (SPSS) version 21 was used to analyze the data. The procedure for 

data collection and the procedure for data screening and cleaning which give credibility 

to the results are also listed in the section. 
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Research questions. This study focused on examining whether the timing of the 

switch from PD to HD impacts renal functions and survival times, including if 

demographic factors such as age and gender and co-morbidities such as diabetes and 

cardiovascular disease also impact both renal function and survival times for ESRD 

patients. The renal function was assessed using the GFR and RRF, whereas data for 

survival times was collected from the National Dialysis Center. 

This study was guided by the following research questions: 

RQ1: Is the dialysis time for switching from PD to HD for ESRD Patients associated 

with improved renal function and survival times, when controlling for demographic and 

comorbidity patient factors? 

RQ2: Do comorbidities modify the dialysis time for switching from PD to HD for 

ESRD Patients associated with improved renal function and survival times, when 

controlling for demographic patient factors? 

RQ3: Do demographic patient factors modify the dialysis time for switching from PD 

to HD for ESRD Patients associated with improved renal function and survival times, 

when controlling for comorbidity patient factors? 

Research Hypotheses 

Hypotheses 

H01: The timing of the switch from PD to HD does not impact renal function and 

survival times when controlling for demographic and patient factors. 

Ha1: The timing of the switch from PD to HD impacts renal function and survival 

times. 
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H02: Comorbidities do not impact the dialysis time of switching from PD to HD when 

controlling for demographic patient factors. 

Ha2: Comorbidities impact the dialysis time of switching from PD to HD when 

controlling for demographic patient factors 

H03: Demographic factors do not impact the dialysis time of switching from PD to 

HD when controlling for comorbidity patient factors. 

Ha3: Demographic factors impact the dialysis time of switching from PD to HD when 

controlling for comorbidity patient factors? 

Statistical Tests 

Descriptive statistics. Descriptive statistics is the meaningful description of data 

by use of a few indices (Shang, 2015). If the indices are of the entire population then they 

are called parameters whereas if they are of a sample they are called statistics. In this line, 

the researcher used statistics. Measures of central tendency and the measures of 

variability are the descriptive statistics the researcher utilized. The researcher 

summarized the data by use of measures of central tendency such as mean, mode, 

maximum, minimum and range (Shang, 2015). Measures of variability such as variance 

showed how the data was spread. Further, the researcher graphed the data. 

Chi square test of independence. The study hypotheses are aimed at detecting the 

existence of relationship between the variables. Chi-square test is used to determine the 

association between two categorical variables (Agnese et al., 2012). Chi-square tests the 

hypothesis of no association between two or more factors or criterion. The decision 

criterion of establishing existence of a relationship was comparing the P value 
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corresponding to the chi-square statistic and the level of significance for the study. If the 

P value is less than the level of significance the null hypothesis of association is rejected 

and alternate hypothesis accepted but if the P value is less than the level of significance, 

the null hypothesis fails to be rejected (Bacciu, Etchells, Lisboa, & Whittaker, 2013). 

The Chi-square test was used to answer research questions two and three. In this 

study, the researcher explored the relationship between social factors (age and gender) 

and co-morbidities (diabetes and CVD) with the optimal dialysis time for switching from 

PD to HD for ESRD patients. The researcher expects to find that social demographic 

factors and medical conditions are associated with the optimal dialysis time for switching 

from PD to HD for ESRD Patients. 

Kaplan-Meier Survival Curves and the Log-Rank Test. The Kaplan-Meier 

Survival Curves is used to analyze time taken before the occurrence of an event and the 

number of research objects or participants who are involved in the event (Jelkic, Opacak, 

Horvat, & Safner, 2013). In medical research, the Kaplan–Meier Survival Curves are 

used to measure the fraction of patients living for a certain amount of time after treatment 

(Foerster et al., 2014). The Kaplan–Meier estimator was used to evaluate the number of 

patients who survived after switching from PD to HD compared to those with and 

without diabetes and cardiovascular diseases and those in different age brackets as well 

as gender. 

The different groups of patients produced varied Kaplan–Meier estimators. It is 

informative to compare the estimators to establish any variations or similarities across the 

groups after switching from PD to HD. This was achieved by using the Log-Rank Test 
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which is used to compare the survival distributions of two or more groups (Wu, 2014). 

As such, the survival rate across patients with and without diabetes and those with and 

without CVD were compared to establish the modifying effect of the variables on a 

patient’s survival.  

Cochran Mantel Haenszel. The study hypotheses seek to establish the existence 

of relationships between dialysis modes and improved renal function and the effect of 

social factors and existence of other diseases on technique failure. The relationship might 

depend on another factor. It was the interest to me to establish the nature of the 

relationship upon including a third factor. For instance, I explored if the effect of diabetes 

and cardio vascular diseases on improved RRF was similar across gender or age. Hagen, 

et al. (2014) and Kathleen et al. (2006) used Cochran Mantel Haenszel to explore 

relationships in their dialysis studies. The Cochran Mantel Haenszel is the test of 

conditional dependence with a null hypothesis that two variables are independent over a 

third factor (Yu & Gastwirth, 2008). If the P value corresponding to the chi-square 

statistic of  Cochran Mantel Haenszel is less than the α-level of significance, then the null 

hypothesis is rejected but if the P value of the chi-square statistic of Cochran Mantel 

Haenszel is greater than the α-level of significance then the null hypothesis is accepted 

(Yu & Gastwirth, 2008). 

As a result, the Cochran Mantel Haenszel was used to test the hypotheses 3 and 4 

in this study. I explored the nature of association between cardiovascular diseases and 

diabetes, and improved renal function and survival rate across gender and age as well as 

the optimal dialysis time for switching from PD to HD for ESRD patients. The analysis 
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helped to establish if the relationship is uniform for the male and female gender and its 

nature across different age groups. I expected to find that the relationship varies across 

gender and age.  

Cox-proportional hazards regressions. To explore the effect of co-morbidities on 

patient’s survival and wellbeing after undergoing switch from PD to HD, Cox-

proportional hazards regressions were used. A Cox model is a statistical technique for 

analyzing the association between the survival of a patient and a number of explanatory 

variables (Jackson et al., 2014). The regression approach evaluates the time one began a 

medical procedure and a following event such as measure of GFR and death. The model 

also offers an approximation of the treatment effect on survival after adjusting for other 

explanatory variables (Borucka, 2014). The explanatory variables to be adjusted for were 

co-morbidities and demographic factors.  

The final model from a Cox regression analysis yields an equation for the hazard 

as a model of the explanatory variables. In the model, a positive regression coefficient for 

an explanatory variable implies that the hazard is higher, and thus, the diagnosis worse 

(Zhao et al., 2014). On the contrary, a negative regression coefficient shows that there is 

a better diagnosis for patients with higher tenets of that variable. 

Threats to Validity 

Validity refers to the truthfulness of research findings. Researchers are urged to 

ensure internal and external validity (Creswell, 2009). Threats to internal validity 

influence the ability to establish causal relationships between the study variables (Morgan 

& Gliner, 2009). One of the possible threats to internal validity in this study is maturation 
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(Krauth, 2011). However, the study groups have the same maturity rate. The accuracy in 

measuring the dependent variable may also influence internal validity by introducing 

skewness towards the mean (Hyett, Kenny, & Dickson-Swift, 2014). I mitigated this 

threat by cross-checking and ensuring that the dependent variables are measured 

accordingly. The next key threat to internal validity that may influence the study is 

selection which is caused by the adopted sampling technique (Krauth, 2011). Stratified 

random sampling was used to overcome the threat of selection. In this regard, all the 

subjects had an equal chance of being in the comparison groups. Experimental mortality 

also influences the internal validity (Morgan & Gliner, 2009). Experimental mortality 

occurs where some participants discontinue participating in the study (Krauth, 2011). 

This study was not affected by this threat because the researcher used archival data which 

was already recorded prior to the study.  

Validity refers to the extent to which the research findings are generalizable to 

other contexts (Morgan & Gliner, 2009). Threats to external validity include population 

and ecological validity (Krauth, 2011). I adoptedstratified random sampling was adopted 

to mitigate the threat of population validity. This ensured that the sample was 

representative of the study population. Additionally, the sample was drawn from 

participants of different age groups. Ecological validity is also an aspect of the external 

validity and refers to the generalizability of research findings to other settings (Hyett et 

al., 2014). The threat of ecological validity could affect this study since studies in other 

settings, i.e. countries, have established different findings.  
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Ethical procedures. There are different ethical principles that should be followed 

in research studies particularly studies that engage human subjects. The ethical principles 

are applied in different stages of the research process. These principles include the 

participants’ right to privacy and right to informed consent. In this regard, I obtained 

permission from relevant authorities to conduct the study (Howard et al., 2010). The 

anonymity of the original participants was upheld by the researcher. The data was de-

identified to protect the patients’ privacy and confidentiality against revealing 

demographic information. I also adopted and upheld the non-plagiarism policy by 

ensuring that any content drawn from other studies is well acknowledged through proper 

in-text citations and proper references. I maintained objectivity in reporting the findings 

of the study without biasness. 

Summary 

The purpose of the study is to examine the efficacy of PD alone, HD alone, 

switching from PD to HD as well as establish whether social factors (age and gender) and 

medical conditions (diabetes and CVD) pay a role in ESRD technique failure. 

Information for this study was gathered from morbidity and mortality wave which can be 

measured quantitatively from ESRD patient’s records in health institutions. The 

covariates in the study were social, physical, and biological factors. These included 

geographical locations, gender, age, medical conditions, marital status, and race. 

Secondary data was used in this study. Data was collected from National Dialysis 

Center where permission was requested from the relevant authorities in charge of the 

records via the use of a permission letter and memorandum of understanding and data use 
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agreement. The study target population was ESRD patients in the National Dialysis 

Center where stratified random sampling was used to select a total sample of 30,000. 

Only patients who had undergone dialysis as mode of ESRD treatment and began 

treatment in the US was included. Further patients with cardiovascular diseases and 

diabetes were part of the sample frame. R software was used in data analysis.  

The data was screened and cleaned where omissions, incorrect entries, outliers, 

and spelling errors were checked. In data analysis, descriptive statistics were used to 

summarize the data and chi-square test of independence was used to test associations. 

Relative risk was used to examine probability of occurrences across different groups 

while Cochran Mantel Haenszel was used to test the relationship between two variables 

upon inclusion of their factor. There are various factors that affected the internal and 

external validity. In this study, the internal validity was threatened by maturation, 

measurement of dependent variable, selection of the subjects, and experimental mortality. 

However, there were various measures that were taken into consideration to reduce the 

threats such as the use of stratified random sampling. The external validity was 

threatened by some of the factors such as population sample and ecological validity. 

Nevertheless, population sample was addressed by ensuring that the sample was 

representative enough of the whole population. I considered and upheld certain ethical 

procedures. Participants’ confidentiality was observed during the study. Material and 

content that was borrowed from the works of other researchers was paraphrased, cited, 

and referenced appropriately. 
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Chapter 4: Results  

Introduction 

The purpose of this quantitative retrospective study was to examine whether the 

timing of the switch from PD to HD is more effective in maintaining renal function than 

PD or HD alone, including whether demographic factors (age, gender) and comorbidities 

(diabetes, CVD) significantly improve renal function and survival times for ESRD 

patients. In the study, I explored the independent and multivariate socio-demographic 

(age and gender) and comorbidities determinants that are associated with improved renal 

function with switching from PD to HD for ESRD patients on dialysis. The socio-

demographic examined were age and gender while comorbidities were medical 

conditions (diabetes and CVD). The Chi-square test of independence was used to show 

the relationship between cardiovascular disease, diabetes, and demographic factors and 

optimal dialysis time for switching from PD to HD. The Mantel Haenszel test was used to 

estimate whether demographic factors or comorbidity factors are independent over ESRD 

patients’ survival times while cox-proportional hazard regressions were used to analyze 

the association between the survival of a patient and a number of explanatory variables 

(age, gender, cardiovascular, and diabetes). 

The study was guided by the following research questions and hypotheses.  

RQ1: Is the dialysis time for switching from PD to HD for ESRD Patients associated 

with improved renal function and survival times, when controlling for demographic and 

comorbidity patient factors? 
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RQ2: Do comorbidities modify the dialysis time for switching from PD to HD for 

ESRD Patients associated with improved renal function and survival times, when 

controlling for demographic patient factors? 

RQ3: Do demographic patient factors modify the dialysis time for switching from PD 

to HD for ESRD Patients associated with improved renal function and survival times, 

when controlling for comorbidity patient factors? 

Research Hypotheses 

Hypotheses 

H01: The timing of the switch from PD to HD does not impact renal function and 

survival times when controlling for demographic and patient factors. 

Ha1: The timing of the switch from PD to HD impacts renal function and survival 

times. 

H02: Comorbidities do not impact the dialysis time of switching from PD to HD when 

controlling for demographic patient factors. 

Ha2: Comorbidities impact the dialysis time of switching from PD to HD when 

controlling for demographic patient factors 

H03: Demographic factors do not impact the dialysis time of switching from PD to 

HD when controlling for comorbidity patient factors. 

Ha3: Demographic factors impact the dialysis time of switching from PD to HD when 

controlling for comorbidity patient factors? 
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Data Collection 

The data was obtained from a database of more than 128,000 ESRD dialysis 

patients from National Dialysis Center. Out of these patients, a sample of 30,000 patients 

randomly distributed over three dialysis modes (PD, HD, PD to HD) was used. The PD 

represents the sample of patients who initiated dialysis and completed the study period 

under PD mode. The HD represented the sample of patients initiating dialysis and 

completed the study while on HD mode. PD to HD represented the number of patients 

who enrolled in the study by initiating dialysis using PD and switched to HD mode after 

undergoing treatment for a mean duration of 46 months through the PD dialysis. The 

sample size of 30,000 patients was obtained by use of stratified random sampling. The 

sampling frame for the study included patients who begun treatment and dialysis in the 

USA, list of patients aged 20 years and above, patients with ESRD, and patients with 

cardiovascular and diabetes diseases. The sampling frame contributed to obtaining a 

sample of 30,000 patients out of 128,000 files from the National Dialysis Center 

Database. The software used for the data analysis was R, which is statistical software for 

analyzing complex data (Kelley, Lai, & Wu, 2008). The main objective was to examine 

optimal switching times for PD to HD patients that will best preserve residual renal 

function. Also, the impact of demographic factors and comorbidities on ESRD patients 

was examined. 
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Study Results 

Descriptive Statistics 

 This section represents the demographics of the study population. In order to 

determine the optimal switching times for PD-HD patients and compare their 

performance with PD only and HD only patients, it was important to determine the social 

demographic factors and comorbidities across the dialysis mode. Table 2 presents the 

demographic and social factors across the dialysis modes. 
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Table 2  

Number of Patients’ across demographic and social factors by dialysis modes. 

 

Dialysis mode 

Total HD PD HD-PD 

Race 

White 7128 (23.76%) 7029 (23.43%) 

7103 (23.68%) 21260 

(70.87%) 

African-American 2003 (6.68%) 2139 (7.13%) 

20147 (6.82%) 24289 

(20.63%) 

Hispanic 651 (2.17%) 654 (2.18%) 

642 (2.14%) 1947 

(6.49%) 

Other 218 (0.72%) 178 (0.59%) 

208 (0.69%) 604 

(2.01%) 

Education level 

High School 1039 (3.46%) 984 (3.28%) 1019 (3.40%) 2132 

(10.14%) 

Diploma 1252 (4.17%) 1299 (4.33%) 1186 (3.95%) 3737 

(12.45%) 

Degree 7443 (24.81%) 7511 (25.04%) 7572 (25.24%) 22526 

(75.09%) 

Masters 180 (0.60%) 124 (0.41%) 152 (0.50%) 456 

(1.52%) 

Doctorate 86 (0.29%) 82 (0.27%) 71 (0.24%) 239 

(0.8%) 

Technical failure 

Peritonitis 825 (2.75%) 8792 (29.31%) 4703 (15.68%) 14320 

(47.73%) 

Acute Myocardial Infarction 405 (1.35%) 421 (1.40%) 374 (1.25%) 1200 
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(4.0%) 

Cerebrovascular disease 180 (0.60%) 213 (0.71%) 207 (0.69%) 600 

(2.0%) 

Withdrawal from dialysis 8590 (28.63%) 574 (1.91%) 4716 (15.72%) 13880 

(46.27%) 

Gender 

Males 4242 (14.14%) 4239 (14.3%) 4249 (14.16%) 12730 

(42.60%) 

Females 5758 (19.19%) 5711 (19.04%) 5751 (19.17%) 17220 

(57.40%) 

Diabetes type 

Diabetes with renal 

manifestations 

9788 (32.63%) 9808 (32.69%) 1804 (6.01%) 21400 

(71.33%) 

Diabetes Mellitus with 

chronic kidney disease 

107 (0.36%) 93 (0.31%) 100 (0.33%) 300 

(1.0%) 

No diabetes 105 (0.35%) 99 (0.33%) 8096 (26.98%) 8300 

(27.67%) 

Cardiovascular disease type 

Hypertensive Chronic kidney 

Disease 

9620 (32.07%) 9580 (31.93%) 9600 (32.00%) 28800 

(96.0%) 

No Hypertensive Chronic 

Disease 

380 (1.27%) 420 (1.40%) 400 (1.33%) 1200 

(4.0%) 

State 

Alive 9170 (30.57%) 9138 (30.46%) 

9167 (30.56%) 27475 

(91.58%) 

Dead 830 (2.77%) 862 (2.87%) 

833 (2.78%) 2525 

(8.42%) 
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 The total number of patients in the stratified sample was 30,000. The stratified 

sample has equal number of patients for each stratum. The strata included the three 

dialysis modes, PD, HD and the PD-HD. There were 10,000 patients in each of the 

dialysis modes. The highest percentage of patients in the sample was Caucasian/Non-

Hispanic (70.87%). It was followed by African-American (20.63%), Hispanic (6.49%), 

and other races (2.10%). The percentages for the races varied greatly from each other but 

all the races were evenly distributed across the dialysis modes as illustrated in Table 2. 

Most of the patients were university graduates (75%) while the least number of patients 

were those with a doctorate degree (0.8%) as shown on Table 2. The patients were also 

evenly distributed across the dialysis modes by education level. An analysis was also 

done of the patient’s technique failures across all the three dialysis modes. The results 

showed that the main causes of technique failures were PD which contributed to 48% of 

failures and withdrawal from dialysis with 46 %. The acute myocardial infarction and 

cerebrovascular disease had little effect on patients’ failure with 4% and 2% respectively. 

The sample had more female patients with a percentage of 57% compared to their male 

counterparts with a percentage of 43%. Both males and female patients were equally 

distributed across the dialysis modes as shown in Table 2 with the males and females in 

each dialysis mode constituting around 14% and 19% respectively in each mode. 

Examining the comorbidities of patients in each dialysis mode revealed that 71% of the 

patients had diabetes with renal manifestation, 1% of the patients had diabetes with 

chronic kidney disease, and 27% had no diabetes. Most of the patients with diabetes with 

renal manifestation initiated and completed dialysis using PD alone or HD alone mode. 
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Most of the patients without diabetes initiated dialysis using PD and then switched to HD 

later. On the basis of cardiovascular diseases, 96% of the patients had hypertensive 

chronic kidney disease. The patients were evenly distributed across the dialysis modes 

with regard to cardiovascular diseases. Out of the 30,000 patients in the sample, only 

8.42% of them died during the study. Among those who died, 2.77% were HD patients, 

2.87% were PD patients, and 2.78% were HD-PD patients. More than 90% of the patients 

in the sample are still alive. Both groups of patients were evenly distributed across the 

dialysis modes as shown on Table 3. 

Table 3 

Patients’ age statistics across dialysis modes 

Dialysis 

Mode 

Statistic 

Mean Median Min Max Range Sd 

PD 62.2 63 42 83 41 11.25 

HD 62.13 63 42 83 41 11.34 

PD-HD 62.72 64 21 91 70 11.91 

 

 The patients had a mean age of 62 years for each dialysis mode. PD-HD 

patients had a wider range in terms of their ages, 70 years, in contrast to that of PD 

patients and HD patients who both had a range of 41 years. The variation of the ages is 

similar, from 11.25 to 11.91, across the dialysis modes. The youngest ESRD patient in 

the sample was 21 years old and the oldest patient was 91 years old. The distribution of 

ages for the different dialysis modes is presented in Table 4.  
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Table 4  

Patients’ dialysis duration (months), GFR score and RRF score statistics. 

 

Duration  GFR  RRF 

PD HD  PD HD  PD HD 

PD only and HD only patients’ statistics 

Mean 17.62 15.66  26.33 29.46  7.99 8 

Median 13.0 13.0  24 29  8 8 

Min 0 0  2 4  4 4 

Max 104.0 116.0  55 55  12 12 

Range 104.0 116  53 51  8 8 

Sd 16.81 13.13  15.21 15.04  2.58 2.57 

PD-HD patients’ statistics 

Mean 46.12 17.81  31.1 24.88  7.56 6.37 

Median 37 12  32 25.6  7.21 6.06 

Min 0 0  1.6 1.28  3.01 2.53 

Max 121 113  83.23 66.58  14.73 12.52 

Range 121 113  81.63 65.30  11.72 9.99 

Sd 31.36 16.42  14.68 11.74  2.85 2.40 

Note. GFR is glomerular filtration rate score and RRF is residual renal function score. 
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 On average, PD-only patients in the sample spent more time in dialysis, about 

17 months on average, than HD-only patients who spent an average of 15 months in 

dialysis. PD-only patients had more varying analysis durations than HD only patients. 

The means and standard deviations of GFR and RRF scores are similar for the two 

groups with 8 and 2.6 respectively as shown in Table 4. The results also showed that PD-

HD patients on average spend more time in the PD mode than HD mode. The dialysis 

durations for PD-HD patients vary more than the dialysis durations for both PD alone and 

HD alone patients. The GFR and RRF score for PD-HD patients vary more at the PD 

stage than at the HD stage. 

The ages of the patients were further categorized into four groups: below 40 years 

old, 40 to 60 years old, 61 to 80 years’ old, and more than 80 years old. The patients were 

evenly distributed across gender by age as shown on Figure 2. Majority of the patients in 

each gender are aged between 40 years and 80 years. Most of the ESRD patients in each 

gender are aged between 61 years and 80 years. Only 0.2% of the patients were below 40 

years. 
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Figure 2. Patients' age distribution across gender. 

 Figure 3 shows the relationships in the patient’s comorbidities. The analysis 

revealed 67.74% of the patients in the sample had both diabetes with renal manifestations 

and hypertensive chronic kidney disease and 27.47% of the patients were non-diabetic 

but had hypertensive chronic kidney disease. Only 0.2% of the patients in were non-

diabetic with no CVD.  
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Figure 3. Patients’ diabetes type across cardiovascular diseases. 

The number of females who died in each age category is slightly higher than the 

number of males who died in each age category as shown in figure 4. This can be 

attributed to the fact that there were more females than males in the sample The number 

of female patients aged between 40 years and 60 years who died represent 2.28% of the 

whole sample and are slightly higher than those aged between 61 years and 80 years who 

died representing 2.16% of the whole sample. On the other hand, the difference in the 

number of male patients in these two categories who died is very small at 1.89% and 

1.87% respectively. 
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Figure 4. Patient’s state across demographic factors (gender and age). 

On the basis of co-morbidities, analysis showed that the largest percentage of 

patients who survived are those with both hypertensive chronic kidney disease and 

diabetes with renal manifestation followed by those who were non-diabetic but had 

hypertensive chronic kidney disease at 67% and 25% of the whole sample respectively. 

The percentages of patients who survived or died across diabetes type and cardiovascular 

disease are as presented in figure 5. 
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Figure 5. Patient’s state across co-morbidities (cardiovascular disease and diabetes). 

The distribution of technique failures is similar across patients’ state as shown on 

figure 6. Technical failures resulting from peritonitis constitute the highest percentage of 

the patients who died representing 4.28% followed by technical failures resulting from 

withdrawal from dialysis at 3.96%. Technique failures resulting from cerebrovascular 

disease constitute the least percentage of the whole sample with 0.06%, among the 

patients who died and 1.94% among the patients who survived. The percentage of 

technical failures resulting from acute myocardial infarction is more than twice that of 

those resulting from cerebrovascular disease among the patients who survived. In 

comparison, the percentage of technical failures resulting from acute myocardial 

infarction among the patients who died is twice the percentage of technical failures 

resulting from cerebrovascular disease.  
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Figure 6. Patients’ technical failures across state. 

Research Question One 

In this section, the effect of timing of the switch from PD to HD in maintaining 

renal function for PD-HD patients and the effect of demographic factors (age, gender) 

and co-morbidities (diabetes, CVD) on the residual renal function and survival times for 

ESRD patients are examined. The effect of switching dialysis mode from PD to HD by 

comparing the FGR scores of patients for different switching times was determined. First 

the average loss of renal function for each category of patients was visualized on a 

boxplot then the Kaplan Meier survival curves are used to visualize the survival of the 

different categories of patients. The Kaplan Meier survival curves are used to analyze 
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time taken before the occurrence of the death of a patient in the sample and the number of 

patients surviving at each time interval. To determine whether this difference in the 

survival rates is significant, the log rank tests were used. Cox-proportional hazard 

regressions were used to investigate the association between the survival rate of a patient 

and both demographic (age and gender) and co-morbidity (CVD and diabetes) factors. 

Figure 7 demonstrates the time taken by ESRD patients to switch dialysis 

modalities from PD to HD. Results demonstrates that the optimal time for switching 

dialysis modalities was 9 months with majority (8.7%) switching at this time. 

 
Figure 7. Optimal dialysis for switching dialysis modes from PD to HD 

The RRF and GFR scores for PD-HD patients in the sample was measured two 

times, 16 days before switching from PD to HD and 60 days after switching. The average 
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GFR and RRF scores are lower after switching from PD to HD compared to prior to 

switching.  

 

Figure 8. GFR score of PD-HD patients before switching to HD, across state. 

From figure 8, it is evident that PD-HD patients who died had a less varied 

distribution of GFR score than those who survived as shown by the shorter interquartile 

ranges. A t test on the two means, under the assumption of equal variances, showed that 

there was a significant difference in mean GFR across the two groups of patients. The t 

statistic was -3.473 with a p value of 0.001 at 9998 degrees of freedom. 
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Figure 9. PD-HD patients’ GFR scores after switching to HD. 

The distribution of GFR scores for PD-HD patients after switching to HD mode is 

as shown on figure 9. Once again, the patients who survived had a wider range of GFR 

scores compared to those who died. The t-test statistic, with equal variances, for 

analyzing the two means was -3.5 with a p value of 0.001 showing that the two groups of 

patients had significantly different means. A paired sample t-test comparing the GFR 

scores before and after the switch showed that the GFR means were statistically different 

with a p value of 0.000.  

The durations spent by PD-HD patients on each mode of dialysis were also 

analyzed. Figure 10 shows that the ranges for durations spent by patients who died and 

those who survived were relatively equal but the means were not, with the surviving 

patients spending, on average, less time than those who died. The statistic for the 
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independents samples test was 2.046 with a p value of 0.041 implying that the difference 

in means was significant.  

 

Figure 10. PD-HD patients’ PD durations. 

Figure 11 shows the distribution of the HD durations for PD-HD patients. Both 

the mean GFR after switching to HD for the patients who survived and those who died 

have a lot of outliers on the upper side. The figure shows that there was a group of PD-

HD patients who spent longer durations on HD relative to the mean duration spent by 

PD-HD patients on HD meaning that the distribution of HD times is skewed to the right – 

the mean HD duration is higher than the median HD duration. The statistic for an 

independent samples test, assuming unequal variances, on the means of the two groups 

was -3.451 with a p value of 0.001 implying that there is a significant difference in the 

durations spent by PD-HD patients after switching to HD between the patients who died 

and those who survived.  
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Figure 11. PD-HD dialysis durations. 

To analyze the effect of switching dialysis modalities from PD to HD on the 

improvement of GFR, a t-test was conducted. Table demonstrates the descriptive 

statistics before and after switching to HD. The results show that mean GFR before 

switching to HD was 31.098 with a standard deviation of 14.679 while the mean value of 

GFR after switching to HD was 24.879 with a standard deviation of 11.743. 



125 

 

Table 5 

Descriptive statistics 

 Mean N Std. Deviation 

Std. Error 

Mean 

 

GFR before switching to 

HD 

31.0984 10000 14.67936 .14679 

GFR after switching to HD 24.8787 10000 11.74349 .11743 

  

Table 5 depicts the results of the t-test analysis. Results show that there was 

switching dialysis modalities from PD to HD has a significant improvement on GFR. 

Switching from PD to HD improves patients GFR as shown by the changes in GFR 

values; GFR before switching to HD (M= 31.098) and GFR after switching to HD (M= 

24.879). 
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Table 6.  

Results of t-test analysis 

 Mean 

Std. 

Deviation 

Std. Error 

Mean 

t df 

Sig. (2 

tailed) 

GFR 

Before 

switching 

to HD - 

GFR 

after 

switching 

to HD 

6.21967 2.93587 .02936 211.851 9999 0.000 

 

To analyze the effect of switching times on the loss of renal function, the 

switching times were grouped into four strata and the average loss of renal function per 

day was determined by calculating the average decrease of GFR score for each HD-PD 

patient in each category. The average decreases are shown on figure 12. The center 

horizontal line on each boxplot represents the median, the dots represent the mean 

decrease in GFR score per day for the category and the label is its value. The mean 

decrease in GFR score decreases with increase in age. PD-HD patients who took at least 

73 months before switching to HD have the highest interquartile range in their average 

decrease in GFR scores.  
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Figure 12. Average decrease in GFR score per day for different switching times. 

Based on gender, male patients who took at most 24 months before switching to 

HD and those who took at least 73 months before switching had a higher loss of residual 

renal function per day than the females as shown on figure 13. On the other hand, male 

patients who switched dialysis mode between 25 and 72 months had a lower loss or 

residual renal function per day than the females.  
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Figure 13. Average decrease in GFR across gender. 

Examining the survival rates of PD-HD patients across gender, the analysis 

showed that there is no significant difference between male and female patients’ survival 

rates as shown in figure 14 below. The gender variable had only two levels; male and 

female. The p-value for the log rank test is 0.145 which is greater than the significance 

level of 0.05. This implies that the survival rates do not vary significantly across gender. 

The coefficient for the females in the cox-proportional hazard regression using males as 
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the base level is – 0.148 with a p-value of 0.0335 which is less than 0.05 implying that 

females are at a significantly lower hazard of dying from ESRD compared to males. 

 

 

Figure 14. PD-HD patients’ survival rates by gender. 
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Figure 15. Average decrease in GFR across age. 

Examining the loss of renal function across age reveals that patients who are over 

80 years old and have taken more than 24 months before switching to HD had the highest 

loss of renal function depicted by a daily decrease of GFR score of more than 0.1 

mL/min/1.73 m2 as shown on figure 15. On the other hand, patients who are less than 40 

years old and took between 25 months and 48 months before switching to HD had the 

lowest daily reduction in GFR score of 0.8 mL/min/1.73 m2.  

Across age, there were four levels; patients aged below 40 years, those aged 

between 40 years and 60 years, those aged between 60 years and 80 years ,and those aged 

over 80 years as shown in figure 16. On the basis of survival rates, patients aged between 

40 and 60 years and those aged between 60 and 80 years had a higher survival rate than 
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those patients aged below 40 years or aged over 80 years. The p-value for the log rank 

test is 0.0001 indicating a significant difference in survival rates across age categories. 

Using patients aged below 40 years as the base level, the cox proportional hazard 

regression revealed that patients aged between 40 and 60 years and those aged between 

61 and 80 years are at a higher hazard than the base level with regression coefficients 

0.71 and 0.19 respectively and p values 0.0254 and 0.5494 respectively. According to the 

p values, the coefficient for those aged between 40 and 60 year is significant. In 

comparisons, patients aged over 80 years are at an insignificant lower hazard relative to 

the base level with a regression coefficient of –0.6079 and a p-value of 0.099. 

 

Figure 16. PD-HD patients’ survival rates by age. 
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Research Question Two 

The average loss of renal function was compared for cardiovascular disease 

measured by the decrease in GFR score. Patients without hypertensive chronic kidney 

disease had a higher daily loss of renal function compared to patients without 

hypertensive chronic kidney disease as shown on figure 16. This can be explained be the 

fact that though the percentage of ESRD patients in the sample without a cardiovascular 

disease was only 4%, most of these patients were diabetic. The percentage of diabetic 

patients without a cardiovascular disease in the sample was 96% (67.74% + 0.79% + 

27.47%). Thus, the higher loss of renal function among patients without hypertensive 

chronic kidney disease can be attributed to diabetes. 

 

Figure 17. Average decrease in GFR across cardiovascular disease. 

Patient’s CVD had two levels. The first level is patients without hypertensive 

chronic kidney disease (No HTN) and the second level is patients without hypertensive 
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chronic kidney disease (HTN). The sections of the curve crossed with lines are the 

censored values (patients who were still alive by the end of the study). With regard to 

survival rates, patients with hypertensive chronic kidney disease had worse survival rates 

than those without. The survival rate is indicated in figure 17. The p-value for the log 

rank test is 0.695 indicating an insignificant difference in survival rates across 

cardiovascular disease. The coefficient for the patients with hypertensive chronic kidney 

disease in the cox-proportional hazard regression was determined using patients without 

hypertensive chronic kidney disease as the base level. The coefficient obtained was 

1.3164 with a p-value < 0.0001, which is less than 0.05, implying that patients with 

hypertensive chronic kidney disease are at a significantly higher hazard compared to 

those without. 
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Figure 18. PD-HD patients’ survival rates by cardiovascular disease. 

 On the basis of diabetes type, there were three levels of diabetes. The first 

represented patients without diabetes. The second one is patients with diabetes with 

chronic kidney disease and the third one is patients with diabetes with renal 

manifestations. Investigating the average loss of renal function across diabetes type 

revealed that patients with diabetes with chronic kidney disease had the highest daily loss 

of residual renal function followed by those with diabetes with renal manifestations as 

shown on figure 18. Non-diabetic patients had the least loss of renal function per day. All 

the diabetic patients in the sample took at most 72 months in PD before switching to HD.  
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Figure 19. Average decrease in GFR across diabetes type. 

The survival rates of PD-HD patients without diabetes were lower than the 

survival rates of those with diabetes. The survival curves for patients with either diabetes 

with renal manifestation or diabetes mellitus with chronic kidney disease are close to 

each other as shown in figure 19. This implies that the survival rate for the two types of 

diabetes is similar. The difference between survival rates for diabetic patients and non-

diabetic patients was tested using the log-rank test. The p-value for the log-rank test is 

0.107 which is less than the significance value (5%) implying that survival rates 

significantly vary across diabetes type. For the cox proportional hazard, non-diabetic 

patients were specified as the base level. The regression coefficients for the patients with 

diabetes with renal manifestation and those with chronic kidney disease are – 1.783 and – 

0.155 implying that, relative to the non-diabetic patients, the hazard decreases if a patient 

is diabetic. This decrease for patients with diabetes with renal manifestation is significant 
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with p value < 0.000 while that one for patients with diabetes with chronic kidney disease 

is insignificant with a p value of 0.978. 

 

Figure 20. PD-HD patients’ survival rates by diabetes type. 

Research Question Three 

Cochran Mantel Haenszel test was used to determine whether the effects of 

demographic factors and co-morbidity factors on optimal switching times for PD-HD 

ESRD patients are independent. The Cochran Mantel Haenszel is the test of conditional 

dependence with a null hypothesis that two variables are independent over a third factor. 

The test was used to determine whether co-morbidities are independent over 

demographic factors.  

Effect of co-morbidities on GFR across gender. The effect of diabetes and 

cardiovascular diseases on GFR was tested to determine whether it was similar across 
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gender. The three way contingency table 7 summarizes the total GFR across diabetes and 

cardiovascular diseases for gender. Applying Cochran Mantel Haenszel test on table 5; 

yields a p-value of 0.0062 which is less than α-level of 0.05 implying that the effect of 

co-morbidities on GFR varies across gender. 

Table 7  

Patients’ medical conditions(total GFR) across gender. 

Diabetes type 

Cardiovascular 

disease 

Gender 

Male Female 

Diabetes with renal 

manifestation 

HTN 1.61 2.39 

 No HTN 6.21 8.74 

Diabetes with chronic kidney 

disease 

HTN 0.14 0.09 

 No HTN 0.46 0.39 

No diabetes HTN 0.06 0.11 

 No HTN 33.8 45.99 

 

Effect of co-morbidities on GFR across age. The total GFR across diabetes and 

CVD over age tested is presented in table 8. The p-value for the Cochran Mantel 

Haenszel test on the contingency table yielded a p-value of 0.0002 which is less than α-

level meaning that the effect of co-morbidities on GFR varies across age. 
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Table 8  

Patients’ medical conditions (total GFR) across age. 

Diabetes type 

Cardiovascular 

disease 

Age category in years 

< 39 40-60 61-80 > 80 

Diabetes with renal 

manifestation 

HTN 0 0.42 2.21 0.69 

 No HTN 0 1.86 8.75 2.64 

Diabetes with chronic 

kidney disease 

HTN 0 0.02 0.1 0.06 

 No HTN 0 0.09 0.47 0.19 

No diabetes HTN 0 0.04 0.09 0.06 

 No HTN 0.77 38.90 41.4 1.22 

 

Effect of co-morbidities over optimal dialysis switching times across gender. 

The co-morbidities over optimal dialysis times for PD-HD patients across gender are 

presented in table 9 below. Applying Cochran Mantel Haenszel test on the table yields a 

p-value of 0.029. This implied that the effect of co-morbidities on optimal dialysis times 

vary across gender. 
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Table 9 

Summary of co-morbidities over optimal dialysis times for PD-HD patients. 

Diabetes type 

Cardiovascular 

disease 

Gender 

Male Female 

Diabetes with renal manifestation HTN 2.30 3.58 

 No HTN 9.57 14.77 

Diabetes with chronic kidney 

disease 

HTN 0.22 0.12 

 No HTN 0.67 0.70 

No diabetes HTN 0.06 0.14 

 No HTN 28.36 39.50 

 

Effect of co-morbidities over optimal dialysis switching times across age. The 

co-morbidities over optimal dialysis times for PD-HD patients across age are presented in 

table 10 below. The p-value for the Cochran Mantel Haenszel test on this contingency 

table yielded a p-value of 0.0001 which is less than our significance level meaning that 

the effect of co-morbidities on optimal dialysis times varies across age. This indicates 

that the relationship between co-morbidity factors and both GFR and optimal dialysis 

times varies across age. 
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Table 10 

PD-HD patients’ dialysis times across age. 

 

Moreover, multivariate cox proportional regressions revealed the following 

associations between the survival of a patient and combinations of both demographic 

factors (age and gender) and co-morbidities (cardiovascular disease and diabetes type). 

Three regressions were done. The first one was between the patients’ survival and co-

morbidities (cardiovascular disease and diabetes type), the second one between patient’s 

survival and demographic factors (age and gender), and the third one between patient’s 

survival and both the co-morbidities and demographic factors (cardiovascular disease, 

diabetes type, age and gender). The cox proportional results are shown on table 11.  

Diabetes type 

Cardiovascular 

disease 

Age category in years 

< 39 40-60 61-80 > 80 

Diabetes with renal 

manifestation 

HTN 0 0.75 3.75 1.38 

 No HTN 0 3.70 15.68 4.96 

Diabetes with chronic 

kidney disease 

HTN 0 0.03 0.15 0.16 

 No HTN 0 0.11 0.81 0.45 

No diabetes HTN 0 0.04 0.15 0.02 

 No HTN 1.68 28.24 35.47 2.47 
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Table 11 

Cox proportional regression results. 

Factor Coefficient Hazard Ratio P value 

Co-morbidities (diabetes type and cardiovascular disease) 

Hypertensive chronic kidney 

disease  

-0.0468 0.654 0.878 

Diabetes with renal 

manifestations 

-1.791 0.1667 < 0.0001 

Diabetes with chronic 

kidney disease. 

-15.53 <0.0001 0.978 

 

Demographic factors (age and gender) 

40 – 60 years 0.7314 2.0779 0.0227 

61 – 80 years 0.2091 1.2325 0.5144 

80 - years -0.588 0.5549 0.1102 

Female -0.1359 0.8729 0.0513 

    

Co-morbidities and Demographic factors 

Hypertensive chronic kidney 

disease  

-0.0715 0.931 0.8146 

Diabetes with renal 

manifestations 

-1.697 0.1833 < 0.0001 
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Diabetes with chronic 

kidney disease. 

15.39 <0.0001 0.9778 

40 – 60 0.9511 2.589 0.0031 

61 – 80 0.6081 1.837 0.0587 

80 -  0.2894 1.336 0.4357 

Female -0.1393 0.8699 0.0458 

 

Since all the four independent variables for these cox proportional regressions are 

categorical, one level of each factor was used as the base level. For diabetes type the 

levels were no diabetes (base level), diabetes with renal manifestations, and diabetes with 

chronic kidney disease. The levels for cardiovascular disease were hypertensive chronic 

kidney disease and no hypertensive chronic kidney disease (base level). For gender, the 

levels were male (base level) and female while the levels for age were less than 40 years 

(base level), less than 61 years (40-60), less than 81 years (61-80), and greater than 80 

years. 

The base level is used as the reference while interpreting the cox proportional 

coefficients. For co-morbidities, patients with no diabetes were used as the base category 

for diabetes type and those with no cardiovascular disease were used as the base category 

for cardiovascular disease. For demographic factors, patients aged less than 40 years were 

used as the base category for age and male patients were used as the base category for 

gender.  
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In table 11, a positive cox proportional regression coefficient implies that the risk 

of death is higher while a negative coefficient implies the risk of death is lower. The 

hazard ratio is calculated as the exponent of the regression coefficient. It shows the factor 

by which each factor reduces or increases the hazard relative to the base 

category/categories. P values less than 0.05 indicate significant regression coefficients.  

Including both CVD type and diabetes type in the cox regression model showed 

that relative to a patient who is not suffering from either diabetes or a CVD, the risk of 

death is significantly lower if an ESRD patient is suffering from diabetes with renal 

manifestations with regression coefficients – 1.791 and p value< 0.0001 as shown in table 

9. Similarly, including both age and gender in the regression model showed that the risk 

of death is significantly higher if a patient is aged between 40 and 60 years relative to a 

male patient who is aged below 40 years. The risk of death is significantly lower, 

however, if the patient is female with a p value of 0.0513.  

Including both demographic factors (age and gender) and co-morbidities (CVD 

and diabetes) in the cox proportional regression model showed that relative to a male 

patient aged below 40 years and not suffering from either a cardiovascular disease or 

diabetes, the risk of death significantly decreases if the patient is either female or is 

suffering from diabetes with renal manifestations with p values 0.0458 and <0.0001 

respectively. By comparison, this risk of death significantly increases if the patient is 

aged between 40 and 60 years with a p value of 0.0031.In conclusion, the effect of co-

morbidities on both GFR and optimal dialysis switching time vary across both age and 

gender. Similarly the effect of demographic factors on GFR and switching times will vary 
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across co-morbidities. Thus the optimal dialysis switching time is dependent on the 

health condition, the age, and the gender of the patient.  

Summary 

The study investigated whether the timing of the switch from PD to HD is more 

effective on maintaining renal function than PD or HD alone, including demographic 

factors (age, gender) and co-morbidities (diabetes, CVD) significantly improve renal 

function and survival times for ESRD patients compared to either PD or HD alone. The 

study also sought to understand the optimal dialysis time taken by patients switching 

from PD to HD due to various reasons such as technique failure or death. The study also 

assessed the effect of demographic characteristics and co-morbidities on the optimal 

dialysis for switching. Results from Kaplan Meir estimate indicate that majority (92%) 

survived in between the study period. Results from log-rank also show that the survival 

rates for patients with and without diabetes are varying whereby Kaplan Meir estimates 

indicated that the survival rates of non-diabetic after switching were higher than those 

with diabetes. Patients between age 40 and 60 years had the best survival rates as well as 

patients with cardiovascular diseases after switching dialysis modes. Moreover, the 

mantel haenszel test focused on examining whether demographic factors or co-morbidity 

factors are independent over ESRD patients’ survival times. The results showed that the 

effect of co-morbidities on patients GFR varies across gender and age. Similar results 

were obtained on the effect of co-morbidities on the optimal time for switching varying 

across age and gender. Cox proportional hazard regressions showed that patients with 

CVD have less survival times compared to patients with cardiovascular diseases whereas 
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patients between ages 40 and 80 years have higher hazards of dying as compared to 

patients below 40 years and above 80 years.  
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Chapter 5: Discussion, Conclusions, and Recommendations 

Introduction 

The section presents the discussion of findings in relation to the research 

questions while simultaneously explaining the theoretical perspective. The research study 

focused on examining whether the timing of the switch from PD to HD is more effective 

in maintaining renal function than PD or HD alone considering the demographic factors 

(age and gender) as well as the comorbidities (diabetes and CVD). In addition, I 

examined whether the timing of the switch from PD to HD significantly improve renal 

function and survival times for ESRD patients compared to either PD or HD alone. 

Several studies have been conducted on examining the effect of PD, HD, or switching 

from PD to HD on maintaining renal function but the studies employed a small sample 

size. However, my study aimed at filling the gap by employing a large sample size of 

records of patients from a national registry database of over 128,000 patients undergoing 

dialysis at National Dialysis Center. Moreover, the study focused on establishing the 

impact of optimal dialysis time for switching from PD to HD on ESRD patients residual 

renal function and survival times. The study focused on whether there is an improvement 

when controlling for demographics and comorbidities. This chapter discusses the results 

in relation to the literature review whereby the discussion is aligned with the research 

questions of the study. The first section highlights summary of study findings, the second 

section details the study objectives while the last section presents the conclusion and 

recommendations for future work. 
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Summary of Findings 

The study examined whether switching dialysis modes from PD to HD improves 

patients’ residual renal function and survival rates while controlling for demographics 

and comorbidities. A national database consisting of 128,000 medical records of patients 

undergoing dialysis was utilized. Descriptive findings showed that there were more 

female patients (57%) than male patients (43%) across the three dialysis modes PD, HD, 

and PD to HD. The sample chosen consisted more of whites (70.87%) and more than 

two-thirds of the patients were university graduates. Among the three dialysis modes, the 

majority (91.58%) of the participants examined in the study are alive. Moreover, the 

mean age of patients engaging in dialysis was 62 years whereby the minimum age was 21 

years while the maximum age was 91 years. In addition, the larger percentage of the 

ESRD patients had diabetes as well as CVD (hypertension).  

Results illustrated that the optimal duration for switching dialysis modalities was 

9 months. The major cause for switching was peritonitis which was a result of technique 

failure. The findings for the first research question indicated that the optimal dialysis for 

switching had an impact on the survival rates and the residual renal functions for patients 

with end stage renal diseases. The results demonstrated that there was significant 

difference between dead and live patients for patients on PD and after switching to HD. It 

was discovered that patients who had died hads had spent more time on PD than patients 

who were still living. Additionally, patients who were still alive spent more time on HD 

than those how had passed away. Specifically, the findings show that of the majority of 

patients switching from PD to HD that survived were patients without diabetes as 
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compared to those diagnosed with diabetes. The log-rank test confirmed the significant 

difference. Log-rank values indicated that patient’s survival rates varied significantly 

across patients with comorbidities whereby patients with cardiovascular diseases were 

observed to have better survival times than patients without cardiovascular diseases.  

In addition, the findings showed that patient’s survival does not vary significantly 

across gender but varies significantly across age whereby patients aged between 40 and 

50 years had best survival rates. Moreover, the effect of comorbidities on patient’s GFR 

varied significantly across both the age and gender. The results demonstrated that 

switching from PD to HD had significant effect on patient’s GFR. A t test conducted 

revealed that significant difference on GFR was observed for patients before and after 

switching to HD. The GFR for patients decreased after switching to HD depicting 

effectiveness of switching dialysis modes. The findings answered the second research 

question which indicated that the patient’s comorbidities had a significant impact on the 

optimal dialysis time for switching when controlling for gender. The effect of 

comorbidities on optimal dialysis time for switching across gender was found to be 

significant, as indicated by the Cochran Mantel Haenszel test. The findings indicated that 

the optimal switching times for patients without diabetes and hypertension were higher 

across gender compared to patients with diabetes and CVD. Similarly, effects of 

comorbidities over optimal dialysis switching time varied significantly across age. 

Female patients and non-diabetic patients were found to have higher survival rates.  

The third research question focused on establishing the effect of demographic 

characteristics on patients’ optimal dialysis time for switching when controlling for the 
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patient’s comorbidities. The findings indicated that male respondents were associated 

with shorter durations for switching. In addition, gender had an effect on switching times 

when controlling for the GFR and survival rates. Male patients taking different durations 

for switching were observed to have lower residual renal function compared to female 

counterparts. Moreover, results showed that there was no significant gender difference in 

patients’ survival rates. In addition, patients aged 40-60 years had better optimal dialysis 

switching modes, improved survival rates, as well as improved GFRs. Patients aged 40 to 

80 years had better hazards of surviving compared to patients over 80 years and below 40 

years. 

Limitations of the Study 

Limitations are considered as the occurrences that arise in the study which are 

beyond the researcher’s control (Simon & Goes, 2013). Limitations affect the study 

outcomes as well as results and every study is bound to have study limitations (Simon & 

Goes, 2013). The limitation of this study is the use of secondary data. Secondary data is 

associated with possible errors and biasness (Tasić & Feruh, 2012). Possible errors of 

secondary data arise from invalidation of data, the presence of the sampling and non-

sampling errors, as well as reduced data reliability (Tasić & Feruh, 2012). The secondary 

data may be tampered with due to attitudes of the person organizing the collection of 

data. In addition, organizations conducting the data collection may exercise carelessness 

or confusion in the recording of the data which contributes to invalid results (Tasić & 

Feruh, 2012). As for the research study, limitations of the secondary data is the similarity 
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of descriptive findings for the three dialysis modes; PD, HD, and PD to HD. This may 

have been attributed with errors in the data collection process.  

Recommendations 

The research findings found varied results on the effect of optimal dialysis time 

for switching among ESRD patients. The factors contributing to technique failure were 

distinct. However, various studies also indicated that the reasons for technique failure 

among the PD have not yet been researched (Chaudhary, 2011). The study focused on 

contributing to theory by examining the reasons contributing to technique failure among 

ERSD patients initiating dialysis by use of PD. In addition, the study found out that 

demographic characteristics of ESRD patients influenced patient survival rate and 

improved renal replacement therapy. However, the study did not provide the reasons for 

the existence of gender differences in improving renal replacement therapy and survival 

times. This provides a basis for conducting further studies to examine the reasons female 

ESRD patients have better survival outcomes as compared to the male ESRD patients. 

Implications 

Implications of Theory  

Research Question 1. The research question focused on identifying the optimal 

dialysis time for switching from PD to HD for ESRD Patients when controlling for 

demographic and comorbidity patient factors. The findings indicated that the optimal 

duration for switching from PD to HD among ESRD patients was 9 months. The results 

differ with the findings by Jaar (2009) who found that 70% of ESRD patients initiating 

dialysis with PD switched to HD within the first two years. The reason for switching was 
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due to dialysis technique failure which is caused by different factors (Chaudhary, 2011). 

In order for the patients to switch from PD to HD or the technique failure to occur, 

patients must have engaged dialysis under the PD mode for 6 months while other patients 

consider swapping to HD permanently (Descœudres et al., 2008). The study results 

indicate that the major technique failure was PD.  

However, a study by Betty et al. (2013) indicated that patients switch dialysis 

modes within the first year or second year after initiating dialysis. The main reasons for 

switching from PD to HD were increased costs of dialysis provision, hospitalization, as 

well as medication (Betty et al., 2013). In addition, the technique failure of the PD still 

remains high as observed in studies by Matthew et al. (n.d) and Hsieh et al. (2017); thus, 

research as towhy the technique failure in PD is high is still needed. The study findings 

are constituent with major research studies conducted which indicated that PD is the 

major cause of technique failure (Chaudhary, 2011; Workeneh, Guffey, Minard, & Mitch, 

2015). Though the main reason of switching from PD to HD is PD, a majority of 

participants may experience inadequate dialysis, the presence of burnout as well as 

persistent exit site infection (Workeneh et al., 2015).  

The technique failure was observed to prevail within the first one or two years 

after initiating dialysis under PD. The findings also indicated that withdrawal from 

dialysis was a major cause of technique failure. This aligns with the findings by 

Weinhandl et al. (2016) who found that the reason for switching from PD to HD was 

withdrawal from the dialysis. In addition, other causes of technique failure that emerged 

observed in my findings are acute myocardial infarction and cerebrovascular disease. 
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Quinn et al. (2010) indicated that technique failure is caused by individual complications 

of the dialysis modality which results to death. It is thus, essential to detect factors 

contributing to technique failure early enough by monitoring infection rates to improve 

survival (Bechade et al., 2014).  

The research hypothesis focused on determining whether the timing of the switch 

from PD to HD impacts renal function and survival times. The findings indicated that 

patients spent most of their dialysis times at PD as compared to the patients that engaged 

in HD. A larger number of patients under PD before switching to HD lived and took an 

average duration of 45 months compared to patients that died that took an average 

duration of 48 months. Moreover, there were a great number of patients surviving after 

switching to HD whereby those surviving took a longer period in HD compared to those 

that died. The results are consistent with the study by Sinnakirouchenan and Holley 

(2011) who indicated that the survival advantage of patients under PD continues for 1.5 

to 2 years. The risk of death of patients over time becomes greater or equal to the in-

center HD. Similar results were recorded by Pajek et al. (2014) who observed the risk of 

median time to death under PD was 2.73 years before switching to HD. Long-term 

survival rates are recorded in PD and at risk death of patients starting dialysis at PD 

becomes lowered (Chen, Mehrotra, & Kalantar-Zadeh, 2014). Patient’s performance is 

steady at PD for the first two years where patients decide to switch to HD afterwards 

(Pike et al., 2017). 

In addition, most of the patients that were included in the sample survived. The 

patients without diabetes survived longer than the patients with diabetes. Similarly, 
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patients with CVD were observed to have longer survival rates than patients without 

cardiovascular. The findings are inconsistent with the findings of a study conducted by 

Liu et al., (2013), which indicated that the survival rates for the patients with CVD under 

PD and HD have not yet been established. The long optimal dialysis for switching was 

observed due to the fact that young adults with diabetes and CVD perform better PD than 

in HD (Yang et al., 2015). The determination of the survival rates for patients under PD 

or in HD have been challenging due to the fluctuation of methodologies used in various 

studies. Results demonstrated that significant difference on GFR was observed for 

patients before and after switching to HD. The GFR for patients decreased after switching 

to HD depicting effectiveness of switching dialysis modes. Results were consistent with 

the study by Ghaffari et al. (2013) that demonstrated that initial dialysis through the use 

of PD is associated with management and improvement of residual renal function where 

the management residual renal function improves patient’s survival rates. Similarly, 

Chaudhary et al. (2011) and Dalal et al. (2011) indicated that starting dialysis modality 

using PD increases preservation of RRF when one has switched to HD thus, supporting 

the switching technique. 

Research Question 2. The research question focused on the impact of 

comorbidities on the optimal dialysis time for switching from PD to HD for ESRD 

Patients when controlling for demographic patient factors. The research question also 

focused on assessing whether the presence of comorbidities for switching patients 

significantly affects the residual renal function when controlling for demographics. The 

findings indicated that there were varying results of patient’s cardiovascular diseases and 
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diabetes on residual GFR across the gender. The GFR for patients without diabetes and 

without hypertension was higher for females compared that of males. The findings 

conform to the findings of a study by Cadnapaphornchai and Teitelbaum (2014) who 

indicated that ESRD patient’s residual renal function is maintained by controlling co-

morbidities. However, findings obtained in a study conducted by Tian et al., (2016) 

established that the presence of cardiovascular diseases among hypertension as well 

increase in comorbidities such as diabetes contributes to volume overload and thus 

reduced renal replacement therapy.  

The patients with cardiovascular diseases have worse results and outcomes in 

relation to survival rates as compared to ESRD patients without diabetes and 

cardiovascular diseases (Zyga & Kolovos, 2013). The demographic characteristics of 

ESRD patients significantly contribute to the reduction in residual renal replacement 

therapy (Mathew et al., 2016). The findings indicated that the GFR for ESRD patients 

without diabetes and hypertension varied significantly across the age group of patients. 

Specifically, the GFR for ESRD patients without hypertension and diabetes was observed 

to be high for patients within the age group of 40 to 60 years. The findings are consistent 

with results of a study by Tian et al. (2016) who observed that older patients are more 

likely to have problems with residual renal functions due to increased volume overload. 

Studies by Weinhandl et al. (2010) and Shen et al. (2012) indicated that younger patients 

have better survival rates under PD than older adults. The results of the study indicated 

that the effect of co-morbidities on optimal dialysis times for switching varies 

significantly across gender.  
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The results depicted that for the patients without diabetes and without 

hypertension, the optimal dialysis times was high in females as compared to males. The 

findings are consistent with the results of a study by Hecking et al. (2014) who indicated 

patients with co-morbidities are more likely to shift from PD to HD. Moreover, the great 

number of switching is expected to rise among male than females as the males are prone 

to coronary diseases as well as diabetes. Similar results were observed for the age group 

where the optimal dialysis times for patients between 40 to 60 years and 60 to 80 years 

was observed to be high . Studies conducted indicate that there is improved quality of life 

for younger adults in PD than on HD (Noshad et al., 2009; Stanley, 2010). In addition, a 

timely transfer from PD to HD is expected to raise survival rates and decrease patient’s 

mortality rates especially for the patients with cardiovascular diseases and diabetic 

patients. The elderly patients are prone to contract these diseases which force them to 

shift to HD as it is more manageable for the elderly patients (Stanley, 2009). However, a 

study conducted by Jaar et al. (2009) did not find any significant difference for the 

patients switching from PD to HD across the age, gender, diabetes, and cardiovascular 

diseases. 

Research Question 3. The study aimed to establish the impact of demographic 

characteristics on optimal dialysis time for switching when controlling for co-morbidities. 

The results showed that patients’ age and gender significantly contribute to the variation 

of optimal dialysis time for switching. More importantly, males are considered to switch 

earlier than females. The males GFRs and RRFs were significantly observed to be lower 

than the females on varying durations for switching. Weinhandl et al. (2010) found a 
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positive contribution of demographic factors such as age and gender on the choice of 

dialysis technique, switching mode and the survival rates. In addition, age was considered 

to vary the durations for switching whereby patients having shorter duration times were 

aged between 40 and 80 years. Younger patients are associated to initiate dialysis with 

PD as it improves their outcomes compared to the elderly who have better patient 

outcomes on HD (Weinhandl et al., 2010; Yeates et al. (2012). The presence of co-

morbidities such as diabetes affects the adoption of dialysis modes according to age. 

Thus, the elderly are considered to have longer durations for switching when initiating 

dialysis on PD.  

The findings indicate that for patients in the same durations of switching, the 

older adults (80 years or more) were considered to have the highest loss of RRFs as 

depicted by their GFR compared to patients aged 40 years and below. It is important for 

the age to be adjusted to 65 years for ESRD patients planning to initiate dialysis on PD 

and then switching to HD as it associated with improved outcomes among patients. Age 

as a risk factor to survival rates is observed to affect the time of switching. The elderly 

patients are associated with high loss of renal replacement therapy due to the presence of 

diseases such as diabetes and cardiovascular disease. The majority of patients starting 

renal replacement therapy in the USA are patients aged 75 years or more (Franco & 

Fernandes, 2013; Seckinger et al., 2016). In addition, patients aged between 40 and 80 

years have better survival rates compared to patients aged 80 years or more or below 40 

years. The findings showed that patient survival for the elderly was better than that of the 

young population which is are inconsistent with major studies (de Melo et al., 2016). 
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However, patients over 80 years were observed to have lower hazards to survival. The 

metabolic functions, as well as psychological functions of body organs, decrease with 

increase in age. The elderly has lower life expectancy and lack exercises which contribute 

to a rise of chronic diseases (Segall et al., 2015; Seckinger et al., 2016). Moreover, 

patients at the age of 60 years with no diabetes have better survival rates than patients at 

the age 60 years with diabetes (Yamaga et al., 2012). 

Implications for Practice 

The research study revealed various results to be useful in managing the end stage 

renal disease. The results indicated that patients on minimum spent 37 months to switch 

from PD to HD. It is expected that timely switching from PD to HD would help improve 

the survival rates and mortality rates of the ESRD patients (Stanley, 2010; Jaar et al., 

2010). The initiation of dialysis by use of PD is considered to be effective than initiating 

dialysis on HD. Specifically, the younger population is advantaged to begin dialysis with 

PD before switching as it associated with improved patients survival outcomes (Stanley, 

2010; Workeneh et al., 2015; Erez et al., 2016; Pike et al., 2017) and improved residual 

renal function (Dalal et al., 2011; Chaudhary et al., 2011; Ghaffari et al., 2013). The 

ESRD patients aged 40 years and above initiating dialysis by use of PD have better 

survival outcomes in the initial stages but the condition worsens as the time for switching 

is delayed (Wang at al., 2017). The study results showed that the most risk factor for 

technique failure among ESRD patients was peritonitis. Several other studies have shown 

that peritonitis is the major cause for technique failure (Chaudhary, 2011; Workeneh et 
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al., 2015; Pajek et al., 2014; Wang et al., 2017). The patients undergoing dialysis by use 

of PD are required to maintain extra care to minimize infections. 

 In addition, healthcare professionals and medical facilities are required to raise 

the awareness of patients on proper use of dialysis tools to minimize incidences of 

peritonitis. In addition, the majority of ESRD patients spent most of their time at PD 

dialysis as compared to HD dialysis. The use of dialysis modality under PD is associated 

with lower cost of therapy and flexibility schedule (Chui et al., 2013; Ghaffari et al., 

2013; Tataradze et al., 2016). In order to improve patient outcomes, the patients should 

be advised to start dialysis under PD in order to enhance the freedom from frequent 

hospital visits and have less interference with everyday life (Erez et al., 2016). The 

findings indicated that patients without diabetes have longer survival times after 

switching from PD to HD. Moreover, patients with diabetes and cardiovascular diseases 

perform better under PD than in HD (Stanley, 2010; Erez et al., 2016). Thus patients with 

diabetes and cardiovascular diseases should switch dialysis modality in order to increase 

survival.  

The rise in patients BMI contributing to co-morbidities makes the patients switch 

dialysis modality in order to deal with mortality rates (Jaar et al., 2009). The GFR and the 

renal replacement therapy for the elderly continue to worsen due to the increased co-

morbidity risk factors. Moreover, due to the increased risk factors of coronary diseases 

among male patients, the switching is likely to increase (Hecking et al., 2014). Thus, 

males should be challenged to live healthy lifestyles to avoid co-morbid diseases. In 

addition, switching to hemodialysis is associated with several challenges such as 
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hindrance of mobility, minimal socializing, increased costs, stress, and poor adherence to 

treatment (Nasiri et al., 2013; Ahmad & Al Nazly, 2014). It is, therefore, important for 

patients to initiate dialysis for a longer period by use of PD before switching in order to 

improve their survival rates.  

Conclusion 

The study examined whether the timing of the switch from PD to HD is more 

effective in maintaining renal function than PD or HD alone considering the demographic 

factors (age and gender) as the co-morbidities (diabetes and cardiovascular diseases). The 

study focused on examining whether switching from PD to HD improves the residual 

renal function or survival rates other than HD or PD alone. Patients’ optimal dialysis time 

was established to be 9 months which is necessary for patients with cardiovascular 

periods. Patients with end stage renal disease are expected to spend more time in 

Peritoneal Dialysis due to challenges of mobility, adhering to dialysis as well as spending 

more time in the hospital. However, several studies indicated that the survival rates of 

ESRD patients associated with peritoneal dialysis are very low, thus advocating for 

timely transfer to HD. Moreover, there lacks empirical findings as to why there is 

increased technique failure among ESRD patients using peritoneal dialysis. 

 In addition, the study indicated that technique failure was the major reason for 

switching modalities. The main risk factor for technique failure was identified to be 

peritonitis. Several studies have shown that peritonitis arises due to infections of the 

machines and equipment. Moreover, technique failure arose due to withdrawal from 

dialysis and presence of co-morbidity complications. Patients spent more time in 
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peritoneal dialysis as compared to hemodialysis. The younger patients with 

cardiovascular diseases and diabetes are observed to spend more time in peritoneal 

dialysis as it associated with improved patient outcomes. In addition, the determination of 

survival rates in peritoneal dialysis and hemodialysis is challenging due to the existing 

fluctuations in various research methodologies.  

The impact of co-morbidities on the residual renal function varied significantly 

across age and gender. The GFR for the patients without diabetes and hypertension was 

higher in females as compared to that of men. Men are observed to have high incidences 

of co-morbidities which influence changes in their GFR compared to females. The GFR 

for patients without diabetes and hypertension was considered high for patients aged 40 

to 60 years. The younger patients have better survival rates than the older population 

since the older patients are more likely to have problems with residual renal functions due 

to increased volume overload. In addition, female patients without diabetes and 

hypertension have a high optimal time for switching. 



161 

 

References 

Abraham, S., Venu, A., Ramachandran, A., Chandran, P. M., & Raman, S. (2012). 

Assessment of quality of life in patients on hemodialysis and the impact of 

counseling. Saudi Journal of Kidney Diseases and Transplantation, 23(5), 953-

954. DOI: 10.4103/1319-2442.100875 

Abu-Odah, H., Abed, Y., El-Khateeb, A., Salah, M., & El-Nems, K. (2016). End-stage 

renal disease in the Gaza strip and its relationship to risk factors. Journal of US-

China Medical Science 13, 24-34. doi:10.17265/1548-6648/2016.01.004 

Agarwal, M., Clinard, P., & Burkart, J. M. (J, 2003). Combined peritoneal dialysis and 

hemodialysis: Our experience compared to others. Peritoneal Dialysis 

International Journal of the International Society for Peritoneal Dialysis, 23 (2), 

157-161. Retrieved from 

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.954.7320&rep=rep1&t

ype=pdf 

Aghakhani, N., Samadzadeh, S., Mafi, T. M., & Rahbar, N. (2012). The impact of 

education on nutrition on the quality of life in patients on hemodialysis: A 

comparative study from teaching hospitals. Saudi Journal of Kidney Diseases and 

Transplantation, 23(1), 26-30. Retrieved from 

http://www.sjkdt.org/text.asp?2012/23/1/26/91292 

Agnese, C., Baiamonte, G., Cammalleri, C., Cat Berro, D., Ferraris, S., & Mercalli, L. 

(2012). Statistical analysis of inter-arrival times of rainfall events for Italian sub-



162 

 

alpine and Mediterranean areas. Advances in Science and Research, 8(1), 171-

177. doi: 10.5194/asr-8-171-2012 

Ahmad, M.M., & Al Nazly, E.K. (2014). Hemodialysis: Stressors and coping strategies. 

Psychology, Health and Medicine, 1-11. doi:10.1080/13548506.2014.952239 

Allen, N., Schwartz, D., Komenda, P., Pauly, R. P., Zimmerman, D., Tanna, G., … & 

Sood, M. M. (2011). International practice patterns and factors associated with 

non-conventional hemodialysis utilization. BMC Nephrology, 12, 66. doi: 

10.1186/1471-2369-12-66  

Altunoren, O., Kahraman, H., Sayarlııogglu, H., Yavuz, Y., Doggan, E., & Koksal, N. 

(2012).The affecting factors and comparison of tuberculin skin test in peritoneal 

dialysis and hemodialysis patients. Renal Failure, 34 (3), 304-307. 

doi:10.3109/0886022X.2011.647299 

American Association of Diabetic Educators (2013). The diabetic’s educator. Retrieved 

from 

http://www.diabeteseducator.org/export/sites/aade/_resources/pdf/research/Diabet

icKidney_Disease_TDE.pdf 

American Nephrology Nurses Association (2011). End-stage renal disease briefing book 

for state and federal policymakers: A guide to kidney disease awareness and 

education. Retrieved from 

https://www.annanurse.org/download/reference/practice/legbrief.pdf 



163 

 

Anand, S., Bitton, A., & Gaziano, T. (2013). The gap between estimated incidences of 

end-stage renal disease and use of therapy. Plos ONE, 8(8), e72860. Retrieved 

from http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0072860 

Aslam, N., Bernardini, J., Fried, L., Burr, R., and Piraino, B. (2006). Comparison of 

infectious complications between incident hemodialysis and peritoneal dialysis 

patients. Clinical Journal of the American Society of Nephrology 14 (32), 1226-

33. doi: 10.2215/CJN.01230406 

Award, P. (2013). An ethical reformation of the United States kidney transplant system. 

Retrieved from 

http://www.dartmouth.edu/~ethics/research/bunnellphillipsaward.pdf 

Bacciu, D., Etchells, T. A., Lisboa, P. J., & Whittaker, J. (2013). Efficient identification 

of independence networks using mutual information. Computational 

Statistics, 28(2), 621-646. DOI: 10.1007/s00180-012-0320-6 

Balafa, O., Halbesma, N., Struijk, D. G., Dekker, F. W., & Krediet, R. T. (2011). 

Peritoneal albumin and protein losses do not predict outcome in peritoneal 

dialysis patients. Clinical Journal of the American Society of Nephrology, 6(3), 

561-566.  doi: 10.2215/CJN.05540610 

Barone, R. J., Cámpora, M. I., Gimenez, N. S., Ramirez, L., Panese, S. A., & Santopietro, 

M. (2014). Peritoneal dialysis as a first versus second option after previous 

hemodialysis: A very long-term assessment. International Journal of 

Nephrology, 11(3), 123-134. doi: 10.1155/2014/693670 



164 

 

Bechade, C., Guittet, L., Evans, D., Verger, C., Ryckelynck, J., & Lobbedez, T. (2014). 

Early failure in patients starting peritoneal dialysis: A competing risks approach. 

Nephrology Dialysis Transplant, 29, 2127–2135. doi: 10.1093/ndt/gft055 

Beladi Mousavi, S.S, Hayati, F., Valavi, E., Rekabi, F., & Mousavi, M.B. (2015). 

Comparison of survival in patients with end-stage renal disease receiving 

hemodialysis versus peritoneal dialysis. Saudi Journal of Kidney Diseases 

Transplantation, 26(2), 392-397. Retrieved from 

http://www.sjkdt.org/text.asp?2015/26/2/392/152559 

 Benning, T. B. (2015). Limitations of the biopsychosocial model in psychiatry. Advances 

in Medical Education and Practice, 6, 347–352. doi: 10.2147/AMEP.S82937 

Betty, K. C., Braden, M., Neesh, P., James, D., Natasha, W., Kailash, J., & Scott W., K. 

(2013).  Original investigation: Health care costs of peritoneal dialysis technique 

failure and dialysis modality switching. American Journal of Kidney Diseases, 

12(61), 104-111. doi: 10.1053/j.ajkd.2012.07.010 

Bhowmik, D., & Tiwari, S. C. (2012). Challenges of hemodialysis in India. Journal, 

International Medical Sciences Academy, 25(2), 99-100. Retrieved from 

http://medind.nic.in/jav/t12/i2/javt12i2p99.pdf 

Bomback, A. S., & Bakris, G. L. (2010). Chronic kidney disease (CKD) and hypertension 

essentials. Boston, MA: Jones & Bartlett Publishers. 

Borucka, J. (2014). Methods of handling tied events in the Cox proportional hazard 

model. Studia Economica Posnaniensia, 2(2), 91-106. Retrieved from 



165 

 

http://soep.ue.poznan.pl/jdownloads/Wszystkie%20numery/Rok%202014/06_bor

ucka.pdf  

Burdmann, E. A., & Chakravarthi, R. (2011). Peritoneal dialysis in acute kidney injury: 

Lessons learned and applied. Seminars in Dialysis, 24(2), 149-156. 

doi:10.1111/j.1525139X.2011.00868.x 

Buvanendran, A., Leong, M. S., & Deer, T. R. (2013). Comprehensive treatment of 

chronic pain by medical, interventional, and integrative approaches: The 

American Academy of pain medicine textbook on patient management. New York, 

NY: Springer. 

Cabral, Y. F., & Santos, M. C. (2012). Hemodialysis: Indications, procedures and 

complications. Hauppauge New York: Nova Biomedical, Nova Science 

Publishers, Inc. 

Cadnapaphornchai, M., & Teitelbaum, I. (2014). Strategies for the preservation of 

residual renal function in pediatric dialysis patients. Pediatric Nephrology, 29(5), 

825-836. doi:10.1007/s00467-013-2554-0 

Carolina Health care system (n.d). Renal services. Retrieved from 

http://www.carolinashealthcare.org/.../cmc/EndStageRenalDiseasePtManual.pdf  

Center for Disease Control. (n.d). Diabetes. Retrieved from 

http://www.cdc.gov/media/presskits/aahd/diabetes.pdf 

Chaudhary, K. (2011). Peritoneal dialysis drop-out: causes and prevention strategies. 

International Journal of Nephrology, 1-7. doi:10.4061/2011/434608 



166 

 

Chaudhary, K., Sangha, H., & Khanna, R. (2011). Peritoneal dialysis first: Rationale. 

Clinical Journal of the American Society of Nephrology, 6(2), 447-456. doi: 

10.2215/CJN.07920910 

Check, D. K., Wolf, L. E., Dame, L. A., & Beskow, L. M. (2014). Certificates of 

confidentiality and informed consent: perspectives of IRB chairs and institutional 

legal counsel. IRB, 36(1), 1–8. Retrieved from 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4076050/ 

Chen, J. L., Mehrotra, R., & Kalantar-Zadeh, K. (2014). Surviving the first year of 

peritoneal dialysis: enduring hard times. American Journal of Kidney 

Diseases, 64(5), 673-676. doi: 10.1053/j.ajkd.2014.08.002 

Chen, T., Wo, H., Chang, P., Wang, C., Wen, M., & Chou, C. (2014). A meta-analysis of 

mortality in end-stage renal disease patients receiving implantable cardioverter 

defibrillators (ICDs). Plos One, 9(7), 1-7. doi: 10.2215/CJN.07920910 

Cheng, C., Shu, K., Chuang, Y., Huang, S., Chou, M., & Chang, H. (2013). Clinical 

outcome of elderly peritoneal dialysis patients with assisted care in a single 

medical centre: A 25 year experience. Nephrology, 18(6), 468-473. 

doi:10.1111/nep.12090 

Chiang, P., Hou, J., Jong, I., Hung, P., Hsiao, C., Ma, T., & Hsu, T. (2016). Factors 

associated with the choice of peritoneal dialysis in patients with end-stage renal 

disease. Biomedical Research International, 2016, 1-7. 

doi:10.1155/2016/5314719 



167 

 

Chiu, Y.-W., Jiwakanon, S., Lukowsky, L., Duong, U., Kalantar-Zadeh, K., & Mehrotra, 

R. (2011). An update on the comparisons of mortality outcomes of hemodialysis 

and peritoneal dialysis patients. Seminars in Nephrology, 31(2), 152–158. 

http://doi.org/10.1016/j.semnephrol.2011.01.004 

Chui, B. K., Manns, B., Pannu, N., Dong, J., Wiebe, N., Jindal, K., & Klarenbach, S. W. 

(2013). Health care costs of peritoneal dialysis technique failure and dialysis 

modality switching. American Journal of Kidney Diseases, 61(1), 104-111. 

https://doi.org/10.1053/j.ajkd.2012.07.010 

Chvostekova, M. (2013). Two-sided tolerance intervals in a simple linear regression. 

Acta Universitatis Palackianae Olomucensis. Facultas Rerum Naturalium. 

Mathematica, 52(2), 31-41. doi: 10.1016/j.semnephrol.2011.01.004 

Contreras, G., Pagan, J., Chokshi, R., Virmani, S., Diego, J. M., Byers, P., & Roth, D. 

(2014). Comparison of mortality of ESRD patients with lupus by initial dialysis 

modality. Clinical Journal of the American Society of Nephrology, 9(11), 1949–

1956. doi: 10.2215/CJN.02500314 

Cotovio, P., Rocha, A., & Rodrigues, A. (2011). Peritoneal dialysis in diabetics: There is 

room for more. International Journal of Nephrology, 2011, 1-10. 

doi:10.4061/2011/914849 

Creswell, J. W. (2003). Research design: Qualitative, quantitative, and mixed methods 

approaches (2nd e.d.). Thousand Oaks, CA: Sage Publications. 

Creswell, J. W. (2009). Research design: Qualitative, quantitative, and mixed methods 

approach. Thousand Oaks, CA: Sage. 



168 

 

Cunningham, J. B., & McCrum-Gardner, E. (2007). Power, effect and sample size using 

GPower: practical issues for researchers and members of research ethics 

committees. Evidence-Based Midwifery, 5(4), 132-137. Retrieved from 

http://www.uv.es/uvetica/files/Cunningham_McCrum_Gardner2007.pdf 

Cupisti, A., D’Alessandro, C., Finato, V., Del Corso, C., Catania, B., Caselli, G. M., & 

Egidi, M. F. (2017). Assessment of physical activity, capacity and nutritional 

status in elderly peritoneal dialysis patients. BMC Nephrology, 18(1), 180. DOI: 

10.1186/s12882-017-0593-7 

Curran, S.P., & Bargman, J.M. (2011). The Importance of Residual Renal Function in 

Peritoneal Dialysis. Dialysis and Transplantation, 40(8), 349-354. DOI: 

10.1002/dat.20597 

Dalal, P., Sangha, H., & Chaudhary, K. (2011). In peritoneal dialysis, is there sufficient 

evidence to make “PD First” therapy? International Journal of Nephrology, 2011, 

1-6. Retrieved from http://www.hindawi.com/journals/ijn/2011/239515/ 

de Melo, G.A.A., Silva, R.A., Pereira, F.G.F., Pinto, S. D.L., Neta, I.F., da Silva, L.A., 

…,& Caetano, J.A. (2016). Health-related quality of life in elderly chronic kidney 

disease patients undergoing hemodialysis. International Archives of Medicine 

Section: Nephrology, 9(141), 1-10. doi: 10.3823/2012 

Descœudres, B., Koller, M. T., Garzoni, D., Wolff, T., Steiger, J., Schaub, S., …, Mayr, 

M. (2008). Contribution of early failure to outcome on peritoneal 

dialysis. Peritoneal dialysis international, 28(3), 259-267. 



169 

 

Diaz-García, J. A., & Ramos-Quiroga, R. (2014). Optimum allocation in multivariate 

stratified random sampling: A modified Prékopa’s approach. Journal of 

Mathematical Modeling and Algorithms in Operations Research, 13(3), 315-330. 

doi: 10.1007/s10852-013-9238-4 

Erez, D.L., Krause, I., Dagan, A., Cleper, R., Falush, Y., & Davidovits, M. (2016). 

Impact of pediatric chronic dialysis on long-term patient outcome: single center 

study. International journal of nephrology, 1-7. 

http://dx.doi.org/10.1155/2016/2132387 

Erlang, A.S., Nielsen, I.H., Hansen, H.O.B., & Finderup, J. (2015). Patients experiences 

of involvement in choice of dialysis mode. Journal of Renal Care41 (4), 260–267. 

doi: 10.1111/jorc.12141.  

Ferguson, C. J. (2009). An effect size primer: A guide for clinicians and 

researchers. Professional Psychology: Research and Practice, 40(5), 532-538. 

DOI: 10.1037/a0015808 

Figueiredo Filho, D. B., Paranhos, R., Rocha, E. C. D., Batista, M., Silva Jr, J. A. D., 

Santos, M. L. W. D., & Marino, J. G. (2013). When is statistical significance not 

significant? Brazilian Political Science Review, 7(1), 31-55. Retrieved from 

http://www.scielo.br/pdf/bpsr/v7n1/02.pdf 

Finnegan-John, J., & Thomas, V. J. (2012). The psychosocial experience of patients with 

end-stage renal disease and its impact on quality of life: findings from a needs 

assessment to shape a service. ISRN nephrology, 1-8. doi:  10.5402/2013/308986 



170 

 

Foerster, R., Kluck, R., Rief, H., Rieken, S., Debus, J., & Lindel, K. (2014). Survival of 

women with clear cell and papillary serous endometrial cancer after adjuvant 

radiotherapy. Radiation Oncology, 9(1), 141. doi: 10.1186/1748-717X-9-141 

Foley, R. N., Chen, S. C., Solid, C. A., Gilbertson, D. T., & Collins, A. J. (2014). Early 

mortality in patients starting dialysis appears to go unregistered. Kidney 

international, 86(2), 392-398. doi: 10.1038/ki.2014.15. 

Fox, C. S., Matsushita, K., Woodward, M., Bilo, H. J., Chalmers, J., Heerspink, H. J. L., 

& Chronic Kidney Disease Prognosis Consortium (2012). Associations of kidney 

disease measures with mortality and end-stage renal disease in individuals with 

and without diabetes: a meta-analysis. The Lancet, 380(9854), 1662-1673. doi:  

10.1016/S0140-6736(12)61350-6 

Franco, M.R.G., & Fernandes, M.N.D.S. (2013). Dialysis in the elderly patient: A 

challenge of the XXI century narrative review. Jornal Brasileiro de Nefrologia, 

35(2). doi: 10.5935/0101-2800.20130022  

Frankel, R. M, Quill, T. E., & McDaniel, S. H. (2003). The bio-psychosocial approach: 

Past, present, future. Rochester, NY: University of Rochester Press. 

Gelman, A., & Carlin, J. (2014). Beyond power calculations assessing Type S (Sign) and 

Type M (Magnitude) errors. Perspectives on Psychological Science, 9(6), 641-

651. doi: 10.1177/1745691614551642 

Gerogianni, S.K., & Babatsikou, F.P. (2014). Psychological aspects in chronic renal 

failure. Health Science Journal, 8(2), 205-214. Retrieved from 

http://www.hsj.gr/medicine/psychological-aspects-in-chronic-renal-failure.pdf 



171 

 

Ghaderian, S. B., Hayati, F., Shayanpour, S., & Beladi Mousavi, S. S. (2015). Diabetes 

and end-stage renal disease; a review article on new concepts. Journal of Renal 

Injury Prevention, 4(2), 28–33. doi: 10.12861/jrip.2015.07 

Ghaemi, S. N. (2009). The rise and fall of the biopsychosocial model. The British Journal 

of Psychiatry, 195, 3–4. doi: 10.1192/bjp.bp.109.063859 

Ghaffari, A., Kalantar-Zadeh, K., Lee, J., Maddux, F., Moran, J., & Nissenson, A. (2013). 

PD first: peritoneal dialysis as the default transition to dialysis therapy. Seminars 

in Dialysis, 26(6), 706-713. doi:10.1111/sdi.12125 

Grafström, A., & Lundström, N. L. (2013). Why well spread probability samples are 

balanced. Open Journal of Statistics, 3(1), 36-41. doi: 10.4236/ojs.2013.31005 

Hagen, S.M., Lafranca, J, A., IJzermans, A., & Frank, J.M. (2014). A systematic review 

and meta-analysis of the influence of peritoneal dialysis catheter type on 

complication rate and catheter survival. Kidney International, 85, 920-932. 

Retrieved from http://www.kidney-international.org/article/S0085-2538 

(15)56279-0/pdf 

Hallan, S. I., Matsushita, K., Sang, Y., Mahmoodi, B. K., Black, C., Ishani, A, A., & 

Chronic Kidney Disease Prognosis Consortium (2012). Age and association of 

kidney measures with mortality and end-stage renal disease. Journal of American 

Medical Association, 308(22), 2349-2360. doi:  10.1001/jama.2012.16817 

Hampton, T. (2011). Many Hemodialysis Patients Have Limited Health Literacy, Kidney 

News, 3(6), 1-19. Retrieved from 

http://www.kidneynews.org/kidneynews/3_6/1/1.pdf 



172 

 

Han, S. H., Lee, S. C., Kang, E. W., Park, J. K., Yoon, H. S., Yoo, T.-H., … Kang, S.-W. 

(2012). Reduced residual renal function is associated with endothelial dysfunction 

in patients receiving peritoneal dialysis. Peritoneal Dialysis International: 

Journal of the International Society for Peritoneal Dialysis, 32(2), 149–158. doi: 

10.3747/pdi.2010.00111 

Harding, G., Campbell, J., Parsons, S., Rahman, A., & Underwood, M. (2010). British 

pain clinic practitioners' recognition and use of the bio-psychosocial pain 

management model for patients when physical interventions are ineffective or 

inappropriate: results of a qualitative study. BMC Musculoskeletal Disorders, 11, 

51-60. doi:  10.1186/1471-2474-11-51 

Heaf, J.G, & Wehberg, S. (2014). Relative survival of peritoneal dialysis and 

hemodialysis patients: Effect of cohort and mode of dialysis initiation. PLoS 

ONE, 9(3), 1-10. doi:10.1371/journal.pone.0090119 

Hecking, M., Bieber, B. A., Ethier, J., Kautzky-Willer, A., Sunder-Plassmann, G., 

Säemann, M. D., Port, F. K. (2014). Sex-specific differences in hemodialysis 

prevalence and practices and the male-to-female mortality rate: The dialysis 

outcomes and practice patterns study (DOPPS). PLoS Medicine, 11(10), 

e1001750. http://doi.org/10.1371/journal.pmed.1001750 

Hingwala, J., Diamond, J., Tangri, N., Bueti, J., Rigatto, C., Sood, M. M., and Komenda, 

P.(2013). Underutilization of peritoneal dialysis: the role of the nephrologists’ 

referral pattern. Nephrology Dialysis Transplantation, 28(3), 732-740. doi: 

10.1093/ndt/gfs323 



173 

 

Hoshi, H., Nakamoto, H., Kanno, Y., Takane, H., Ikeda, N., & Sugahara, S. (2006). 

Long-term follow-up of patients treated with a combination of continuous 

ambulatory peritoneal dialysis and hemodialysis. Advancement in Peritoneal 

Dialysis, 22, 136–40. 

Howard, J., Levy, F., Mareiniss, D. P., Patch, M., Craven, C. K., McCarthy, M., ... & 

Pronovost, P. (2010). New legal protections for reporting patient errors under the 

patient safety and quality improvement act: A review of the medical literature and 

analysis. Journal of patient safety, 6(3), 147-152. doi: 

10.1097/PTS.0b013e3181ed623a 

Hsieh, Y. P., Chang, C. C., Kor, C. T., Yang, Y., Wen, Y. K., Chiu, P. F., and Lin, C. C. 

(2017). Relationship between uric acid and technique failure in patients on 

continuous ambulatory peritoneal dialysis: a long-term observational cohort 

study. BMJ open, 7(4), e010816. doi: 10.1136/bmjopen-2015-010816 

Huang, C. C., Cheng, K. F., and Wu, H. D. (2008). Survival analysis: Comparing 

peritoneal dialysis and hemodialysis in Taiwan. Peritoneal Dialysis International: 

Journal of the International Society for Peritoneal Dialysis, 28, 15-20. Retrieved 

from https://www.researchgate.net/profile/Kuang-

Fu_Cheng/publication/51401860_Survival_analysis_Comparing_peritoneal_dialy

sis_and_hemodialysis_in_Taiwan/links/00b4952bd1ada5d951000000.pdf 

Hyett, N., Kenny, A., and Virginia Dickson-Swift, D. (2014). Methodology or method? A 

critical review of qualitative case study reports. International journal of 



174 

 

qualitative studies on health and well-being, 9. (12) 134-145. doi:  

10.3402/qhw.v9.23606 

Inker, L. A., Astor, B. C., Fox, C. H., Isakova, T., Lash, J. P., Peralta, C. A.& Feldman, 

H. I. (2014). KDOQI US commentary on the 2012 KDIGO clinical practice 

guideline for the evaluation and management of CKD.American Journal of 

Kidney Diseases, 63(5), 713-735. doi: 10.1053/j.ajkd.2014.01.416 

Jaar, B. G., Plantinga, L. C., Crews, D. C., Fink, N. E., Hebah, N., Coresh, J. & Powe, N. 

R. (2009). Timing, causes, predictors and prognosis of switching from peritoneal 

dialysis to hemodialysis: a prospective study. British Medical Journal of 

nephrology, 10 (1), 3-14. doi: 10.1186/1471-2369-10-3 

Jackson, D., White, I. R., Seaman, S., Evans, H., Baisley, K., & Carpenter, J. (2014). 

Relaxing the independent censoring assumption in the Cox proportional hazards 

model using multiple imputations. Statistics in medicine, 33(27), 4681-4694. doi: 

10.1002/sim.6274 

Janowski, K., & Steuden, S. (2009). Biopsychosocial aspects of health and disease: Vol. 

1. Lublin: Centrum Psychoedukacji i Pomocy Psychologicznej. 

Jayanti, A., Neuvonen, M., Wearden, A., Morris, J., Foden, P., Brenchley, P. … on behalf 

of the BASIC-HHD study group. (2015). Healthcare decision-making in end stage 

renal disease-patient preferences and clinical correlates. BMC 

Nephrology, 16(189), 2-17. doi: 10.1186/s12882-015-0180-8 

Jelkic, D., Opacak, A., Horvat, D., & Safner, R. (2013). Common carp fry survival during 

salinity stress test: effect of feeding regime. Journal of Biometrics and 



175 

 

Biostatistics 4(4), 429-438. Retrieved from http://www-

staro.vef.unizg.hr/vetarhiv/papers/2014-84-4-10.pdf 

Jin, H., Fang, W., Zhu, M., Yu, Z., Fang, Y., Yan, H., & ... Ni, Z. (2016). Urgent-Start 

Peritoneal Dialysis and Hemodialysis in ESRD Patients: Complications and 

Outcomes. Plos ONE, 11(11), 1-12. doi:10.1371/journal.pone.0166181 

Johnson, B., & Christensen, L. B. (2012). Educational research: Quantitative, 

qualitative, and mixed approaches. Thousand Oaks, California: SAGE 

Publications. 

Joshi, V. D. (2014). Quality of life in end stage renal disease patients. World Journal of 

Nephrology, 3(4), 308–316. http://doi.org/10.5527/wjn.v3.i4.308  

Karen, S., Julie, W., Eldho, P., & Catherine, H. (2011). Original research: Peritoneal 

dialysis patients have higher prevalence of gastrointestinal symptoms than 

hemodialysis patients. Journal of Renal Nutrition, 23, 114-118. 

doi:10.1053/j.jrn.2012.02.007 

Kathleen, D. ., Himmelfarb, J., Paganini, E., and Ikizler, A., Soroko, S. H., Mehta L. H., 

& Chertow. G. (2006).Timing of initiation of dialysis in critically ill patients with 

acute kidney injury. American Society of Nephrology, 7(12), 915–919. doi: 

10.2215/CJN.01430406 

Kawanishi, H., & Moriishi, M. (2007). Encapsulating peritoneal sclerosis: prevention and 

treatment. Peritoneal Dialysis International, 27(2), 289-292. 



176 

 

Keating, P.T., Walsh, W., Ribic, C.M., & Brimble, K.S. (2014). The impact of patient 

preference on dialysis modality and hemodialysis vascular access. BMC 

Nephrology, 15(38), 1-8. DOI: 10.1186/1471-2369-15-38 

Kelley, K., Lai, K., & Wu, P.-J. (2008). Using R for data analysis: A best practice for 

research. In J. Osbourne (Ed.), Best practices in quantitative methods (pp. 535-

572). Newbury Park, CA: Sage. 

Kendrick, J., & Teitelbaum, I. (2010). Strategies for improving long-term survival in 

peritoneal dialysis patients. Clinical Journal of the American Society of 

Nephrology, 5(6), 1123-1131. Doi: 10.2215/CJN.04300709 

Khan, M. F., Ali, I., Raghav, Y. S., & Bari, A. (2012). Allocation in multivariate 

stratified surveys with non-linear random cost function. American Journal of 

Operations Research, 2(01), 100-111. doi: 10.4236/ajor.2012.21012 

Khanna, R., & Krediet, R.T. (2009).Nolph and Gokal’s textbook of peritoneal dialysis. 

New York, NY: Springer.  

Koeda, M., Ogawa, T., Ito, K., Tsutsui, T., & Nitta, K. (2014). Echocardiographic 

parameters as cardiovascular mortality predictors in chronic hemodialysis 

patients. International Journal of Clinical Medicine, 5, 635-643. doi: 

10.4236/ijcm.2014.512087 

Krauth, J. (2011). Experimental design a handbook and dictionary for medical and 

behavioral research. Amsterdam: Elsevier. 



177 

 

Kumar, S., Bogle, R., & Banerjee, D. (2014). Why do young people with chronic kidney 

disease die early? World Journal of Nephrology, 3(4), 143–155. doi: 

/10.5527/wjn.v3.i4.143 

Lane, R. D. (2014). Is it possible to bridge the Biopsychosocial and Biomedical models. 

Biopsychosocial Med, 8(3), 1-3. doi:  10.1186/1751-0759-8-3 

Lewis, R., & Noble, H. (2012). Kidney disease management: A practical approach for 

non-specialist healthcare practitioner. Chicester: Wiley. 

Li, P. K. T., Ng, J. K. C., & Mcintyre, C. W. (2017). Inflammation and peritoneal 

dialysis. Seminars in Nephrology, 37(1), 54-65. doi: 

10.1016/j.semnephrol.2016.10.007 

Liem, Y. S., Wong, J. B., Hunink, M. M., Charro, F. T., & Winkelmayer, W. C. (2010). 

Propensity scores in the presence of effect modification: a case study using the 

comparison of mortality on hemodialysis versus peritoneal dialysis. Emerging 

themes in epidemiology, 7(1), 1-8. doi: 10.1186/1742-7622-7-1 

Liu J.H., Chen, J.Y., Lin, S.Y., Lin, H.H., Ting, I.W., Liang, C.C., & Sung, F.C. (2013). 

Comparing survival between peritoneal dialysis and hemodialysis patients with 

subclinical peripheral artery disease: A 6-year follow-up. International Journal of 

Medical Sciences, 10(4), 434-440. doi:10.7150/ijms.5091  

Liu, M., Li., X.C., Lu, L., Cao, Y., Sun, R.R., Chen, S., & Zhang, P.Y. (2014). 

Cardiovascular disease and its relationship with chronic kidney disease. European 

Review for Medical and Pharmacological Sciences, 18, 2918-2926. Retrieved 

from http://www.europeanreview.org/wp/wp-content/uploads/2918-2926.pdf 



178 

 

Lu, Y., & Gatua, M. W. (2014). Methodological considerations for qualitative research 

with immigrant populations: Lessons from two studies. The Qualitative 

Report, 19(30), 1-16. Retrieved from http://nsuworks.nova.edu/tqr/vol19/iss30/3 

Lukowsky, L. R., Mehrotra, R., Kheifets, L., Arah, O. A., Nissenson, A. R., & Kalantar-

Zadeh, K. (2013). Comparing mortality of peritoneal and hemodialysis patients in 

the first 2 years of dialysis therapy: A marginal structural model analysis. Clinical 

Journal of the American Society of Nephrology, 8(4), 619-628. doi:  

10.2215/CJN.04810512 

Maccio, V. J., Chiang, F., & Down, D. G. (2014). Models for distributed, large scale data 

cleaning. In Trends and Applications in Knowledge Discovery and Data Mining. 

(pp. 369-380). Springer International Publishing. 

Maes, M., & Twisk, F. M. (2010). Chronic fatigue syndrome: Harvey and Wessely's (bio) 

psychosocial model versus a bio (psychosocial) model based on inflammatory and 

oxidative and nitrosamine stress pathways. BMC Medicine, 835-847. doi: 

10.1186/1741-7015-8-35 

Mahmoodi, B. K., Matsushita, K., Woodward, M., Blankestijn, P. J., Cirillo, M., Ohkubo, 

T., & Chronic Kidney Disease Prognosis Consortium (2012). Associations of 

kidney disease measures with mortality and end-stage renal disease in individuals 

with and without hypertension: A meta-analysis. The Lancet, 380(9854), 1649-

1661. doi: 10.1016/S0140-6736(12)61272-0 

Maier, A., Stocks, F., Pommer, W., Zidek, W., Tepel, M., & Scholze, A. (2009). 

Hemodialysis versus peritoneal dialysis: a case control study of survival in 



179 

 

patients with chronic kidney disease stage 5. Therapeutic Apheresis and Dialysis: 

Official Peer-Reviewed Journal of the International Society for Apheresis, the 

Japanese Society for Apheresis, the Japanese Society for Dialysis Therapy, 13(3), 

199-204. doi: 10.1111/j.1744-9987.2009.00660.x 

 Maribo, T., Melchiorsen, H., Rubak, D.B., Jespersen, E., & Nielsen, C.V. (2014). 

Rehabilitation based on the bio-psychosocial model concerns health condition, 

functioning and contextual factors. Ugeskr Laeger, 176(10), 921-925. Retrieved 

from https://www.ncbi.nlm.nih.gov/pubmed/25096738 

Maron, B., & Leopold, J. A. (2010). Aldosterone receptor antagonists: Effective but often 

forgotten. Circulation, 121, 934-939. doi: 

10.1161/CIRCULATIONAHA.109.895235 

Marrón, B., Remón, C., Perez-Fontan, M., Quirós, P., & Ortíz, A. (2008). Benefits of 

preserving residual renal function in peritoneal dialysis. Kidney International, 73, 

S42-S51.  doi: 10.1038/sj.ki.5002600. 

Mathew, A.T., Fishbane, S., Obi, Y., & Kalantar-Zadeh, K. (2016). Preservation of 

residual kidney function in hemodialysis patients: reviving an old concept. Kidney 

International, 90(2), 262-271. doi: 10.1016/ j.kint.2016.02.037 

Matsuo, N., Yokoyama, K., Maruyama, Y., Ueda, Y., Yoshida, H., Tanno, Y., 

Yamamoto, R., & Hosoya, T. (2010). Clinical impact of a combined therapy of 

peritoneal dialysis and hemodialysis. Clinical Nephrology, 74(3), 209-216. doi 

10.5414/CNP74209 



180 

 

Matthew, L., S., Damien J., L., John P., B., Victoria F., N., Daniel P., M., Eugene D., M., 

& Bartholomew J., K. (n.d). Original article: Surgical outcomes analysis of 

pediatric peritoneal dialysis catheter function in a rural region. Journal of 

Pediatric Surgery, 48, 1520-1527. doi:10.1016/j.jpedsurg.2013.02.032 

McCrum-Gardner, E. (2014). Sample size and power calculations made 

simple. International Journal of Therapy and Rehabilitation, 17(1), 10-14. 

Retrieved from https://www.uv.es/uvetica/files/McCrum_Gardner2010.pdf 

McDonald, S., Marshall, M., Johnson, D.W., & Polkinghorne, K. (2009). Relationship 

between dialysis modality and mortality. Journal of American Society of 

Nephrology. 20, 155-163. doi:  10.1681/ASN.2007111188 

Mehrotra, R., Chiu, Y. W., Kalantar-Zadeh, K., Bargman, J., & Vonesh, E. (2011). 

Similar outcomes with hemodialysis and peritoneal dialysis in patients with end-

stage renal disease. Archives of internal medicine, 171(2), 110-118. doi: 

10.1001/archinternmed.2010.352. 

Mickey, R. M., Dunn, O. J., and Clark, V. A. (2004). Applied statistics: Analysis of 

variance and regression, (3rd Ed). John Wiley and Sons, Inc. 

Morgan, G. A., and Gliner, J. A. (2009). Research methods in applied settings: An 

integrated approach to design and analysis. New York, NY: Routledge 

Academic. 

Moriishi, M., Kawanishi, H., & Tsuchiya, S. (2010). Impact of combination therapy with 

peritoneal dialysis and hemodialysis on peritoneal function. Advancement in 



181 

 

Peritoneal in Dialysis, 26, 67-70. Retrieved from 

https://www.advancesinpd.com/adv10/306-Moriishi-FINAL.pdf 

Mount, D. (2012). Fluid and electrolyte disturbances. In: Longo D, Fauci A, Kasper D, 

(Eds). Harrison's principles of internal medicine. New York, NY: McGraw-Hill 

Medical.  

Naalweh, K. S., Barakat, M. A., Sweileh, M. W., Al-Jabi, S. W., Sweileh, W. M., & 

Sa’ed, H. Z. (2017). Treatment adherence and perception in patients on 

maintenance hemodialysis: a cross–sectional study from Palestine. BMC 

Nephrology, 18(1), 178-187. doi: 10.1186/s12882-017-0598-2 

Nasiri, M., Kheirkhah, F., Rahimiyan, B., Ahmadzadeh, B., Hasannejad, H., and Jahfari, 

R.M. (2013). Stressful factors, coping mechanisms and quality of life in 

hemodialysis patients. Critical Care Nursing, 6(2), 119-126. doi: 

10.5114/amscd.2016.59601 

National Dialysis Center (2011). National Dialysis Center reports strong start for 2011 

and raises guidance for full year 2011. Retrieved from 

https://www.freseniusmedicalcare.com/en/news/details/title/fresenius-medical-

care-reports-strong-start-for-2011-and-raises-guidance-for-full-year-2011/ 

National Dialysis Center (2013). What is dialysis. Retrieved from http://www.ultracare-

dialysis.com/Treatment/WhatIsDialysis.aspx 

National Dialysis Center (2015a). We care about kidneys. Retrieved from 

http://www.freseniusmedicalcare.com/en/home/ 



182 

 

National Dialysis Center (2015b). Who we are -The health care group. Retrieved from 

http://www.fresenius.com/83.htm 

National Institute for Health and Clinical Excellence (2009). Identifying and treating 

long-term kidney problem. Retrieved from. 

National Institute of Health (2008). Treatment methods for kidney failure  

National Kidney Foundation (2012). KDOQI clinical practice guideline for diabetes and 

CKD: 2012 update. American Journal of Kidney Diseases, 60(5):850-886. 

Retrieved from 

https://www.google.com/search?q=Am+J+Kidney+Dis&rlz=1C1AOHY_enKE70

8KE708&oq=Am+J+Kidney+Dis&aqs=chrome..69i57&sourceid=chrome&ie=U

TF-8 

National Kidney foundation (2014). GFR (Glomerular Filtration Rate): A key to 

understanding how well your kidneys are working. Retrieved from 

https://www.kidney.org/sites/default/files/docs/11-10-1813_abe_patbro_gfr_b.pdf 

National Kidney Foundation (2015). Tests to Measure Kidney Function, Damage and 

Detect Abnormalities. Retrieved from 

https://www.kidney.org/atoz/content/kidneytests 

National Kidney Foundation (2016). End stage renal disease in the United States. 

Retrieved from https://www.kidney.org/news/newsroom/factsheets/End-Stage-

Renal-Disease-in-the-US 

National Kidney Foundation (n.d). Choosing treatment for kidney failure. Retrieved from 

http://www.kidney.org/atoz/pdf/choosing_treat.pdf 



183 

 

National Kidney Foundation. (2013). KDOQI clinical practice guideline for diabetes and 

CKD: 2012 UPDATE. Retrieved from 

http://www.kidney.org/professionals/KDOQI/guidelines_diabetesUp/diabetes-

ckd-update-2012.pdf 

Nongnuch, A., Assanatham, M., Panorchan, K., & Davenport, A. (2015). Strategies for 

preserving residual renal function in peritoneal dialysis patients. Clinical Kidney 

Journal, 8(2), 202–211. doi: 10.1093/ckj/sfu140 

Noshad, H., Sadreddini, S., Nezami, N., Salekzamani, Y., & Ardalan, M. R. (2009). 

Comparison of outcome and quality of life: Hemodialysis versus peritoneal 

dialysis patients. Singapore medical journal, 50(2), 185-192. Retrieved from 

http://smj.sma.org.sg/5002/5002a11.pdf 

O’Connor, N.R., & Corcoran, A.M. (2012). End-stage renal disease: Symptom 

management and advance care planning. American Family Physician, 85(7), 705-

710. Retrieved from http://www.usafp.org/wp-content/uploads/2013/12/aafp-ckd-

advanced-planning-2012.pdf 

Oliver, M. J., Verrelli, M., Zacharias, J. M., Blake, P. G., Garg, A. X., Johnson, J. F., & 

Quinn, R. R. (2012). Choosing peritoneal dialysis reduces the risk of invasive 

access interventions. Nephrology Dialysis Transplantation, 27(2), 810-822. doi: 

10.1093/ndt/gfr289 

Onwuegbuzie, A. J., Slate, J. R., Leech, N. L., & Collins, K. M. (2009). Mixed data 

analysis: Advanced integration techniques. International Journal of Multiple 

Research Approaches, 3(1), 13-33. doi: 10.5172/mra.455.3.1.13 



184 

 

Pajek, J., Hutchison, A.J., Bhutani, S., Brenchley, P.E.C., Hurst, H., Perme, M.P., & 

Vardhan, A. (2014). Outcomes of peritoneal dialysis patients and switching to 

hemodialysis: a competing risks analysis. Peritoneal Dialysis International, 

34(3) 289-298. doi:10.3747/pdi.2012.00248 

Palmore, H., Dogra, G., Roberts, M., Heerspink, H.J.L., Ninomiya, T., Huxley, R., …, 

Perkovic, V. (2014). Cardiovascular disease in patients with chronic kidney 

disease. Nephrology, 19, 3–10. DOI: 10.1111/nep.12148 

Panagoutsos, S., Kantartzi, K., Passadakis, P., Yannatos, E., Mourvati, E., Theodoridis, 

M., Kriki, P., …, & Vargemezis, V. (2008). Timely transfer of peritoneal dialysis 

patients to hemodialysis improves survival rates. Clinical Nephrology, 65 (1), 43-

47. doi: 10.5414/CNP65043 

Park, H. M. (2008). Understanding the statistical power of a test. Indiana Univeristy 

Stat/Math Center. Retrieved from 

https://marekrychlik.com/sites/default/files/power.pdf 

Park, J. I., Bae, E., Kim, Y. L., Kang, S. W., Yang, C. W., Kim, N. H., ... & Lee, H. 

(2015). Glycemic control and mortality in diabetic patients undergoing dialysis 

focusing on the effects of age and dialysis type: a prospective cohort study in 

Korea. PloS one, 10(8), e0136085. 

Patel, N., & Hu, S. L. (2015). Preserving residual renal function in dialysis: What we 

know. Seminars in Dialysis, 28(3), 250-258. doi:10.1111/sdi.12302  

Pike, E., Hamidi, V., Ringerike, T., Wisloff, T., & Klemp, M. (2017). More use of 

peritoneal dialysis gives significant savings: a systematic review and health 



185 

 

economic decision model. Journal of clinical medicine research, 9(2), 104-116. 

doi:  10.14740/jocmr2817w 

Pranav, D., Harbaksh S., & Kunal C. (2011). In peritoneal dialysis, is there sufficient 

evidence to make “PD First” therapy? International Journal of Nephrology, 

64(2), 49-58. doi: 10.4061/2011/239515 

preserving residual renal function in peritoneal dialysis patients. Clinical Kidney 

Journal, 8(2), 202-211. doi: 10.1093/ckj/sfu140 

Pronovost, P. (2010). New legal protections for reporting patient errors under the Patient 

Safety and Quality Improvement Act: A review of the medical literature and 

analysis. Journal of patient safety, 6(3), 147-152. doi: 

10.1097/PTS.0b013e3181ed623a 

Pulliam, J., Li, N. C., Maddux, F., Hakim, R., Finkelstein, F. O., & Lacson, E. (2014). 

First-year outcomes of incident peritoneal dialysis patients in the United States. 

American Journal of Kidney Diseases, 64(5), 761-769. doi: 

10.1053/j.ajkd.2014.04.025 

Quinn, R.R., Ravani, P., & Hochman, J. (2010). Technique failure in peritoneal dialysis 

patients: Insights and challenges. Journal of International Society Peritoneal 

Dialysis, 30, 161-162. doi: 10.3747/pdi.2010.00020 

Ramapriya, S., & Jean L., H. (2011). Peritoneal dialysis versus hemodialysis: Risks, 

benefits, and access issues. Advances in Chronic Kidney Disease, 18(Primary 

Care of the Patient with Chronic Kidney Disease), 428-432. 

doi:10.1053/j.ackd.2011.09.001 



186 

 

Redmon, B., Caccamo, D., Flavin, P., Michels, R., O’Connor, P., Roberts, J., & Sperl-

Hillen, J. (2014). Diagnosis and management of Type 2 Diabetes Mellitus in 

adults. Retrieved from https://www.icsi.org/_asset/3rrm36/diabetes-

interactive0412.pdf 

Ronco, C., Canaud, B., & Aljama, P. (2007). Hemodiafiltration. Basel: Karger. 

Ronco, C., Dell'Aquila, R., & Rodighiero, M. P. (2006). Peritoneal dialysis: A clinical 

update. Basel: Karger. 

Ronco, C., Rosner, M. H., Crepaldi, C., & International Course on Peritoneal Dialysis. 

(2012). Peritoneal dialysis: State-of-the-art 2012. Basel: Karger 

Roszkowska-Blaim, M., & Skrzypczyk, P. (2013). Residual Renal Function in Children 

Treated with Chronic Peritoneal Dialysis. The Scientific World Journal, 2013, 1-

9. doi: 10.1155/2013/154537 

Saito, L., Matsuzawa, Y., Hiroko, I., Omura, M., Kion, T., & Nishikawa, T. (2013). 

Alkalizer administration improves renal function in hyperuricemia associated with 

obesity. Japanese Clinical Medicine, 3(4), 1-6. doi:  10.4137/JCM.S10056 

Sam, M., Kovacic, V., Radic, J., Ljutic, D., & Jelicic, I. (2012). Potential beneficial 

effects of low molecular weight Heparin on cognitive impairment in elderly 

patients on hemodialysis. Drugs and Aging, 29(1), 1-7. doi: 10.2165/11592870-

000000000-00000 

Santoro, D., Satta, E., Messina, S., Costantino, G., Savica, V., & Bellinghieri, G. (2013). 

Pain in end-stage renal disease: A frequent and neglected clinical problem. 

Clinical Nephrology, 79 (1), 2-11. doi: 10.5414/CNX77S104 



187 

 

Schmidt, C.O., & Kohlman, T. (2008).When to use the odds ratio or relative risk. 

International Journal of public Health, 53(3) 165-167. doi: 10.1007/s00038-008-

7068-3 

Secker, B. (n.d). Medico-legal jurisdiction over human decision-making: A philosophical 

constructionist analysis of mental competence. Retrieved from 

https://tspace.library.utoronto.ca/bitstream/1807/15704/1/NQ59048.pdf 

Seckinger, J., Dschietzig, W., Leimenstoll, G., Rob, P. M., Kuhlmann, M. K., Pommer, 

W., ..., & Schwenger, V. (2017). Morbidity, mortality and quality of life in the 

ageing hemodialysis population: results from the elderly study. Clinical Kidney 

Journal, 10(1), 141-143. doi:  10.1093/ckj/sfw087 

Segall, L., Nistor, I., Biesen, W.V., Brown, E.A., Heaf, J.G., Lindley, E., & Covic, A. 

(2015). Dialysis modality choice in elderly patients with end-stage renal disease: 

A narrative review of the available evidence. Nephrology Dialysis Transplant, 1-

9. doi: 10.1093/ndt/gfv411 

Sens, F., Schott-Pethelaz, A. M., Labeeuw, M., Colin, C., Villar, E., & REIN Registry 

(2011). Survival advantage of hemodialysis relative to peritoneal dialysis in 

patients with end-stage renal disease and congestive Cardiovascular Disease. 

Kidney International, 80(9), 970-977. doi: 10.1038/ki.2011.233. 

Shahab, I., Khana, R., & Nolph K. D. (2006). Peritoneal dialysis or hemodialysis? 

Advances in Peritoneal Dialysis, 22 (42) 145-167. Retrieved from 

http://www.advancesinpd.com/adv06/320-Shahab%20final%20180.pdf 



188 

 

Shang, H. L. (2015). Resampling techniques for estimating the distribution of descriptive 

statistics of functional data. Communications in Statistics-Simulation and 

Computation, 44(3), 614-635. doi: 10.1080/03610918.2013.788703 

Shen, J.I., Mitani, A.A., Saxena, A.B., Goldstein, B.A., & Winkelmayer, W.C. (2012). 

Determinants of peritoneal dialysis technique failure in incident US patients. 

Peritoneal Dialysis International, 33(2), 156-66. doi:  10.3747/pdi.2011.00233 

Simon, M.K., & Goes, J. (2013). Scope, limitations and delimitations. Dissertation and 

Scholarly Research: Recipes for Success. Seattle, WA: Dissertation Success LLC.  

Sinnakirouchenan, R. & Holley, J. L. (2011). Peritoneal dialysis versus hemodialysis: 

Risks, benefits, and access issues, Advances in Chronic Diseases, 18(6), 428-432. 

doi: 10.1053/j.ackd.2011.09.001. 

Sisca, S., & Pizzarelli, F. (2002). Cost-benefit analysis and choice of dialysis treatment in 

Italy. Dialysis and Transplantation, 31(6), 382-386. Retrieved from 

https://www.researchgate.net/publication/292482399_Cost-

benefit_analysis_and_choice_of_dialysis_treatment_in_Italy 

Smith, L.A. (2013). End stage renal disease and hypertension: Connecting the 

disconnect with spironolactone. Retrieved from 

http://www.utexas.edu/pharmacy/divisions/pharmaco/rounds/smith01-13-13.pdf 

Stanley, M. (2010). Peritoneal dialysis versus hemodialysis (adult). Nephrology, 15, 24-

31. doi: 10.1111/j.1440-1797.2010.01228.x 

Stefánsson, B. V., Brunelli, S. M., Cabrera, C., Rosenbaum, D., Anum, E., 

Ramakrishnan, K., … Stålhammar, N.-O. (2014). Intradialytic hypotension and 



189 

 

risk of cardiovascular disease. Clinical Journal of the American Society of 

Nephrology: CJASN, 9(12), 2124–2132.http://doi: 10.2215/CJN.02680314 

Stephen J., Anderson-Haag, T.L., Gustafson, S., Snyder, J.J., Kasiske, B.L., Israni, A.K. 

(2014). Metformin use in kidney transplant recipients in the United States. 

American Journal of Nephrology, 40, 546-553. doi: 10.1159/000370034 

Struijk, D. G. (2008). Monitoring of the peritoneal membrane. NDT Plus, 1(4), 29-35. 

doi:  10.1093/ndt plus/sfn121 

Sud, M., Tangri, N., Pintilie, M., Levey, A. S., & Naimark, D. (2014). Risk of end-stage 

renal disease and death after cardiovascular events in chronic kidney 

disease. Circulation, 130(6), 458-465. doi: 

10.1161/CIRCULATIONAHA.113.007106 

Suzuki, H., Hoshi, H., Inoue, T., Kikuta, T. Tsuda, M., & Takenaka, T. (2012). New 

modality of dialysis therapy: Peritoneal dialysis first and transition to 

hemodialysis. Advances in Peritoneal Dialysis, 28(40) 192-223. Retrieved from 

https://www.advancesinpd.com/adv12/Part3/106.pdf 

Suzuki, H., Hoshi, H., Inoue, T., Kikuta, T., & Takane, H. (2013). Starting with PD 

enables diversity of later treatments. Journal of Nephrol Therapeutic, 1, 2161-

0959. doi:10.4172/2161-0959.S1-004 

Taneja, S., Ashri, I., Gupta, S., & Sharma, M. (2014). DFT: A novel algorithm for data 

cleansing. International Journal of Computer Science and Information 

Technologies, 5(2), 2297-2301. 



190 

 

Tasić, S., & Feruh, B. M. (2012). Errors and issues in secondary data used in marketing 

research. The Scientific Journal for Theory and Practice of Socioeconomic 

Development, 1(2), 326–335. Retrieved from 

http://socioeconomica.info/jspui/bitstream/11171/67/1/Svetlana%20Tasic.pdf 

Tataradze, A., Managadze, G., Beglarashvili, L., Kipshidze, N., Managadze, L., & 

Chkhotua, A. (2016). Comparative costs of different renal replacement therapies 

in lower middle income countries on the example of Georgia. International 

Journal of Clinical Medicine, 7(7), 437-444. doi: 10.4236/ijcm.2016.77046 

The United States Renal System (2013). US renal data system 2013 annual data report. 

American Journal of Kidney Diseases, 63(1), A7.  doi: 

10.1053/j.ajkd.2013.11.001. 

Theofilou, P. A. (2012). The impact of sociodemographic and psychological variables on 

quality of life in patients with renal disease: findings of a cross-sectional study in 

Greece. World Journal of Nephrology and Urology, 1(4-5), 101-106. Retrieved 

from http://www.wjnu.org/index.php/wjnu/article/viewFile/44/40 

Thomas, C., & Thomas, L. (2009). Renal failure--measuring the glomerular filtration 

rate. Dtsch Arztebl Int, 106(51-52), 849-854. doi:  10.3238/arztebl.2009.0849 

Tian, N., Guo, Q., Zhou, Q., Cao, P., Hong, L., Chen, M., & ... Yu, X. (2016). The impact 

of fluid overload and variation on residual renal function in peritoneal dialysis 

patient. Plos ONE, 11(4), 1-13. doi:10.1371/journal.pone.0153115 



191 

 

Turin, T.C., Tonelli, M., Manns, B.J., Ravani, P., Ahmed, S.B., & Hemmelgarn, B.R. 

(2012). Chronic kidney disease and life expectancy. Nephrology Dialysis 

Transplantation, 1-5. Doi: 10.1093/ndt/gfs052 

University of Cambridge (2009). Guidelines for the management of hypertension. 

Retrieved from 

http://www.clinpharm.medschl.cam.ac.uk/public/BPGuidelines.pdf 

Van Biesen, W., Verbeke, F., & Vanholder, R. (2007). Cardiovascular disease in 

hemodialysis and peritoneal dialysis: arguments pro peritoneal dialysis. 

Nephrology Dialysis Transplantation, 22(1), 53–58. doi: 10.1093/ndt/gfl601 

Vartanian, T. P. (2010). Advantages, disadvantages, feasibility, and appropriateness of 

using secondary data. Oxford: Oxford University Press. 

Wal, W.M. van der, Noordzij, M., Dekker, F.W., Boeschoten, E.W., Krediet, R.T., 

Korevaar, J.C., & Geskus, R.B. (2011). Netherlands cooperative study on the 

adequacy of dialysis study group. Full loss of residual renal function causes 

higher mortality in dialysis patients: Findings from a marginal structural model. 

Nephrology Dialysis Transplantation, 26(9), 2978-2983. doi: 10.1093/ndt/gfq856 

Wang, A. Y., & Lai, K. N. (2006). The importance of residual renal function in dialysis 

patients. Kidney International, 69(10), 1726-32. doi: 10.1038/sj.ki.5000382 

Wang, C. C., Tsai, C. C., Hsu, C. C., & Chen, K. T. (2017). Effects of age on the 

outcome of peritoneal dialysis–associated peritonitis. The American journal of 

emergency medicine, 35(1), 176-177. doi: 10.1016/j.ajem.2016.10.013 



192 

 

Wang, I. K., Kung, P. T., Kuo, W. Y., Tsai, W. C., Chang, Y. C., Liang, C. C., Chang, C. 

T., & Huang, C. C. ( 2013). Impact of dialysis modality on the survival of end-

stage renal disease patients with or without cardiovascular disease. Journal of 

Nephrology, 26(2), 331-41. doi: 10.5301/jn.5000149 

Wasserfallen, J. B., Moinat, M., Halabi, G., Saudan, P., Perneger, T., Feldman, H. I., 

…,Wauters, J. P. (2006). Satisfaction of patients on chronic hemodialysis and 

peritoneal dialysis. Swiss Medical Weekly, 136, 13-14. doi:2006/13/smw-11180 

Weinhandl, E.D., Foley, R.N., Gilbertson, D.T., Arneson, T.J., Snyder, J.J., & Collins, 

A.J. (2010). Propensity-matched mortality comparison of incident hemodialysis 

and peritoneal dialysis patients. Journal of the American Society of Nephrology, 

21, 499-506. doi: 10.1681/ASN.2009060635 

Whiteside, M., Mills, J., & Mccalman, J. (2012). Using secondary data for grounded 

theory analysis. Australian Social Work, 65(4), 504-516. doi: 

10.1080/0312407X.2011.645165 

Workeneh, B., Guffey, D., Minard, C. G., & Mitch, W. E. (2015). Causes for withdrawal 

in an urban peritoneal dialysis program. International journal of nephrology, 1-4. 

doi: 10.1155/2015/652953 

Wright, S. (2009). Hemodialysis in elderly patients. In Geriatric Nephrology Curriculum 

(pp. 1-4). Boston, Massachusetts: American Society of Nephrology. 

Wu, J. (2014). A new one-sample log-rank test. Journal of Biometrics and 

Biostatistics, 5(4), 1-5. doi:10.4172/2155-6180.1000210 



193 

 

Xydakis, D., Papadogiannakis, A., Sfakianaki, M., Kostakis, K., Stylianou, K., Petrakis, 

I., Ergini, A., Voskarides, K., & Dafnis, E. (2013). Residual renal function in 

hemodialysis patients: the role of angiotensin-converting enzyme inhibitor in its 

preservation. International Scholarly Research Notices, 2013, 1-5. doi: 

10.5402/2013/184527 

Yamagata, K., Nakai, S., Masakane, I., Hanafusa, N., Iseki, K., Tsubakihara, Y., & 

Committee of Renal Data Registry of the Japanese Society for Dialysis Therapy. 

(2012). Ideal timing and predialysis nephrology care duration for dialysis 

initiation: from analysis of Japanese dialysis initiation survey. Therapeutic 

Apheresis and Dialysis. Official Peer-Reviewed Journal of the International 

Society for Apheresis, the Japanese Society for Apheresis, the Japanese Society 

for Dialysis Therapy, 16 (1), 54-62. doi: 10.1111/j.1744-9987.2011.01005.x 

Yang, F., Khin, L-W., Lau, T., Chua, H-R., Vathsala, A., Lee, E., and Luo, N. (2015) 

Hemodialysis versus peritoneal dialysis: A comparison of survival outcomes in 

south-east Asian patients with end-stage renal disease. PLoS ONE, 10(10), 1-10. 

doi:10.1371/journal.pone.0140195 

Yang, J-Y., Chen, L., Chao, C-T., Peng, Y-S., Chiang, C-K., Kao, T-W., & Hung, K-Y. 

(2015). Comparative study of outcomes among patients with polycystic kidney 

disease on hemodialysis and peritoneal dialysis. Scientific Reports, 5. doi: 

10.1038/srep12816 

Yeates, K., Zhu, N., Vonesh, E., Trpeski, L., Blake, P., and Fenton, S. (2012). 

Hemodialysis and peritoneal dialyses are associated with similar outcomes for 



194 

 

end-stage renal disease treatment in Canada. Nephrology, Dialysis, 

Transplantation: Official Publication of the European Dialysis and Transplant 

Association - European Renal Association, 27(9), 3568-75. NewYork: Springer  

Yeh, C., Liao, C., Liu, Y., Cheng, C., Wang, S., Chiang, K., and Hwang, T. (2013). Dual-

incision laparoscopic surgery for peritoneal dialysis catheter implantation and 

fixation: A novel, simple, and safe procedure. Journal of Laparoendoscopic and 

Advanced Surgical Techniques, 23(8), 673-678. doi:10.1089/lap.2013.0156 

Yu, B., & Gastwirth, J. L. (2008). A method of assessing the sensitivity of the Cochran–

Mantel–Haenszel test to an unobserved confounder. Mathematical, Physical and 

Engineering Sciences, 366(1874), 2377-2388. doi:  10.1098/rsta.2008.0030 

Yu, G. Q., Chen, J., & Li, J. X. (2013). The association between peritoneal charge barrier 

dysfunction and protein lost during continuous ambulatory peritoneal 

dialysis. Kidney and Blood Pressure Research, 37(4-5), 252-258. doi: 

10.1159/000350150. 

Zha, Y., & Qian, Q. (2017). Protein nutrition and malnutrition in CKD and 

ESRD. Nutrients, 9(3), 1-19. doi:10.3390/nu9030208 

Zhao, Y., Herring, A. H., Zhou, H., Ali, M. W., & Koch, G. G. (2014). A multiple 

imputation method for sensitivity analyses of time-to-event data with possibly 

informative censoring. Journal of biopharmaceutical statistics, 24(2), 229-253. 

doi:  10.1080/10543406.2013.860769 

Ziliak, S. T., & McCloskey, D. N. (2013). We agree that statistical significance proves 

essentially nothing: A rejoinder to Thomas Mayer. International Journal of 



195 

 

Economics, 10(1), 97-107. Retrieved from 

https://econjwatch.org/file_download/623/ZiliakMcCloskeyJan2013.pdf?mimetyp

e=pdf 

Zyga, S., & Kolovos, P. (2013). Cardiovascular disease and chronic inflammation in end 

stage kidney disease. International Journal of Caring Sciences, 6 (1), 29-36. 

Retrieved from 

https://www.researchgate.net/profile/Sofia_Zyga/publication/279994139_Cardiov

ascular_Disease_and_Chronic_Inflammation_in_End_Stage_Kidney_Disease/lin

ks/55a2203608ae1c0e046418ae.pdf 


	Walden University
	ScholarWorks
	2017

	Determinants of Switching From Peritoneal to Hemodialysis in Preserving Residual Renal Function
	Mohamed Katerji

	tmp.1510027566.pdf.cug1P

