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Abstract 

Residual renal function arnong patients with end stage renal disease is 

clinically important as it contributes to adequacy of dialysis, quality of life, 

morbidity and mortality. The predictors of residual renal function loss were 

studied in patients initiating hemodialysis and peritoneal dialysis- The 

adjusted odds ratios (AOR) and p values associated with each of the 

demographic, clinical, laboratory and treatment parameters were estimated 

using an univariate analysis and significant variables (p c 0.05) were included 

in a multivariate logistic regression model. Predictors of RRF ioss were 

female gender (AOR=I .45; pc0.001), non-white race (AOR=1.57; p=<O.OOi ), 

prior history of diabetes (AOR=I .82; p=0.006), prior history of congestive heart 

failure (AOR=1.32; p=0.03), and time to follow-up (AOR4.06 per month; 

p=0.03). Patients treated with peritoneal dialysis had a 65% lower risk of RRF 

loss than those on HD (AOR=0.35; pc0.001). Higher serurn calcium 

(AOR=0.81 per rngldl; p=0.05), use of an angiotensin converting enzyme 

inhibitor (AOR = 0.68; pcO.001) and use of a calcium channel blocker 

(AOR=0.77; p=0.01) were independently associated with decreased risk of 

RRF loss. The observations of demographic groups at risk, potentially 

modifiable factors and therapies have generated testable hypotheses 

regarding therapies, which may preserve RRF among ESRD patients. 

Key Words: residual renal function, dialysis, end-stage renal disease, 
predictors. 
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CHAPTER 1: EPIDEMIOLOGY AND 8URDEN OF ILLNESS IN END STAGE 

RENAL DISEASE 

1.1 Introduction 

The objective of this thesis is to highlight the importance of the residual renal 

function (RRF) among patients on dialysis and to identify parameters that are 

associated with the loss of RRF. 

The epidemiology of end-stage renal disease (ESRD) and its burden of illness on 

the patient and on society will be reviewed in Chapter 1. The importance of RRF 

wiil be discussed in Chapter 2 and the measurement of RRF will be discussed in 

Chapter 3. Chapter 4 will describe the rnethodology used in a study conducted 

to examine predictors of RRF loss among new dialysis patients. Chapter 5 is 

unique in that it is the actual paper describing the study as well as the results and 

discussion. A version of this chapter has been accepfed for publicafion in The 

Journal of the American Society of Nephrology and is scheduled for publication in 

the March 2000 issue. The copyright release is found in Appendix 1. The 

limitations of this study will be discussed in Chapter 6 and a discussion of the 

future directions of this work will be discussed in Chapter 7. 

1.2 End-Stage Renal Disease 

End stage renal disease (ESRD) is defined as the stage of progressive renal 

failure when renal replacement therapy (RRT), such as dialysis or transplantation 



becomes necessary. "End stage" refers to the end of the kidney function- For 

most patients with progressive chronic renal failure (CRF), the decision to start 

dialysis is based on a combination of uremic symptoms and laboratory 

parameters. These symptoms inchde nausea, vomiting, anorexia, unexpiained 

weight loss, development of malnutrition, decreased mentation, changes in 

sleeping patterns, peripheral neuropathy, restless leg syndrome, and pruritus [Il. 

The presence of these signs and symptorns significantly affect the patient's 

quality of life (QOL). There is usually 540% of the kidney function remaining 

when patients start RRT 12, 31. 

1.2.1 Renal Replacement Therapy 

The modalities of RRT available for treatment of ESRD include hemodialysis 

(HD) and peritoneal dialysis (PD). This definition often includes renal 

transplantation, however, transplantation is not addressed here. Hemodialysis is 

subdivided into in-centre provided HD, the most commonly used modality, self- 

care and home hemodialysis. The rnajority of PD comprises continuous 

ambulatory PD (CAPD), and automated PD (APD). 

1.2.2 Hemodialysis 

Hemodialysis removes toxins and excess fiuid via extracorporeal circulation of 

blood through a dialyzer, or so-called "artificial kidney". Treatments are usualty 

scheduled for three times weekfy and Iast three to five hours. A vascular access 

is required, using an arterio-venous (AV) fistula, an A-V graft, or in-dwelling 



vascular catheter. The treatment is performed predominantly as "in-centre HD" 

in a hospital based dialysis unit. 

1.2.3 Peritoneal Dialysis 

Peritoneal dialysis uses the patient's own peritoneal membrane as a "dialyzei'. It 

requires placement of a catheter into the abdominal cavity, and repeated 

installation and drainage of sterile dialysate. PD involves the movement of small 

solutes and water across the semi-permeable membrane. Toxins move from the 

plasma to the dialysate, due to concentration gradients during the dwell tirne 

while other solutes (eg. calcium and lactate) move in the opposite direction. 

Fluid is removed by osmotic ultrafiltration using hypertonie glucose containing 

dialysate solutions. The rate of rnovement of small solutes, such as creatinine, 

between blood and dialysate differs frorn one patient to another and this 

peritoneal function characteristic is quantified in the peritoneal equilibrium test 

(PET). Using this test, each patient's peritoneal membrane can be categorized 

as having a high, high average, low average, or low peritoneal transport 

characteristics. Patients with high peritoneal transport have rapid clearance of 

small molecules, but poor ultrafiltration due to dissipation of the osmotic gradient 

between the dialysate and the blood by glucose absorption. Patients with low 

transport ultrafiltrate wetl but have slow equilibration requiring the continuous 

presence of larger dwell volumes in the peritoneal cavity [4, 51. 



Several PD options are available. The most common is continuous ambulatory 

PD (CAPD). The patient usually perforrns four or five exchanges with a dialysate 

volume of two to three liters on a daily basis. Automated PD (APD) includes 

exchanges with the use of a programmed machine cycler and includes 

continuous cycling PD (CCPD), a home treatment utilizing several exchanges 

through a programmed machine cycler, typically every night with one long dwell 

time throughout the day. 

1.3 Epidemiology of End Stage Renal Disease 

Much of our epidemiological information cornes from the United States of 

America due the completeness of their ESRD registry data. The United States 

Renal Data System (USRDS) is a national data system that collects, analyzes, 

and distributes information about ESRD in the United States. The USRDS 

contains data on over 93% of al1 patients treated for ESRD in the United States 

[6, n. Subrnission of this information is mandatory and linked to reimbursement 

for patients who are covered by Medicare, who comprise the majority of ESRD 

patients. The Canadian Organ Replacement Register (CORR) data is subrnitted 

on a voluntary basis and it includes 93.3% of al1 the patienis treated for ESRD in 

Canada [8]. 

The research study, Predictors of Loss of Residual Renal Function among New 

Dialysis Patients, was based on the United States population. The demographics 



of the US ESRD population are reported with reporting of the Canadian 

demographics for cornparison. 

1.3.1 The USRDS Data Base 

The USRDS is funded directly by the National lnstitute of Diabetes, Digestive, 

and Kidney Diseases (NIDDK) in conjunction with the Health Care Financing 

Administration (HCFA). HCFA provides rnost of the existing data in the USRDS 

database. This national data system collects, analyzes, and distributes 

information about ESRD in the United States. It includes comprehensive data 

needed to describe the incidence and prevalence of treated ESRD, modality of 

treatment, cause of death, patient survival, hospitalizations, cost and cost 

effectiveness, and institution providers of ESRD treatment. The University of 

Michigan, Ann Arbor, was the coordinating center for the USRDS at the time of 

this study. 

1.3.2 The CORR Data Base 

The Canadian Organ Replacement Register (CORR) at the Canadian Institute of 

Health Information (CIHI) is a national information system on organ failure and 

transplantation, with a mandate to record and analyze the Ievel of activity and 

outcome of vital organ transplantation and renal dialysis activities. Information is 

collected from a number of sources including 28 transplant hospitals, 86 dialysis 

facilities and 8 organ procurement organizations. The rnost recent data available 

is from 1996 reported in the 1998 CORR report. 



1.4 INCIDENCE AND PREVALENCE OF END-STAGE RENAL DISEASE 

1 A l  Definition of Incidence and Prevalence 

lncidence refers to new cases of ESRD during a given time period and is a key 

population measure of kidney disease and access to renal replacement therapy. 

Prevalence refers to ail patients receiving ESRD treatment at a particular time 

(point prevalence) or during a given time period (period prevalence) and is a 

population measure of disease burden and resource requirements. Prevalence 

is determined by incidence and patient Iife expectancy. 

1.4.2 Measuring lncidence and Prevalence of ESRD 

ESRD is defined by treatment with any form of chronic dialysis or renal 

transplantation. Patients who die of renal failure without first receiving dialysis or 

a transplant are not considered ESRD patients. Dialysis for acute renal failure is 

not considered ESRD unless renal function fails to recover. As a practical 

matter, the degree of renal failure or the reason for initiation of dialysis does not 

impact the ESRD classification. A patient is considered incident at the time of 

the first regular dialysis for chronic renal failure. It is possible that incidence is 

not fully reported, especially for patients who die before chronic treatment is fully 

established. A patient is considered prevalent if he/she is known to be receiving 

dialysis or to have a functioning kidney transplant. Point prevalence refers to the 

number of ESRD patients at a particuIar point in time (example: on December 31, 

1997). Period prevalence refers to the number of patients with treated ESRD 



during a period of time, usually a year, and includes patients' point prevalence at 

the end of the period as well as those who died during that period. Most 

prevalence statistics reported by the USRDS and CORR refer to point 

prevalence. Prevalence is a direct function of incidence and suwival. 

Prevalence rates are on average four to five times higher than incidence rates 

because the average survival time is four to five years for ESRD patients. 

Changes in prevalence are attributable to changes in incidence, average survival 

time, or both. Patients who return to dialysis after a failed transplant are not 

counted as incident ESRD patients. This situation is classified as a modality 

change. Similarly, patients who stop chronic dialysis and then restart are 

counted as prevalent, not incident patients. In the USRDS, patients are 

maintained in the ESRD database until death. Incidence and prevalence will be 

referred to as rates; incidence is expressed as rate (number per million 

population per year), white prevalence is expressed as a proportion (nurnber per 

million population). 

Both the USRDS and the CORR databases adjust incidence and prevalence 

rates to a reference population using a direct method. Use of an adjusted rate 

accounts for growth and aging of the general population and permits meaningful 

cornparisons across years. In other words, the adjusted rate assumes a constant 

reference population. 



1.4.3 Incidence and Prevalence of ESRD 

The ESRD program in the United States has grown from approximately 10,000 

beneficiaries in 1973, when the Medicare entitlement became effective, to 86,354 

in 1983 to 304,083 patients as of Dec 31, 1997 [6, 71. The prevalence rate was 

1105 per million population, or 1 in every 1000 person is receiving RRT as of 

December 31,1997. Prevalence growth rates provide important information for 

determining future ESRD resource needs and it has risen every year, almost 

doubling during the past decade. Most of the change in prevalence rates is due 

to change in incidence rates because death rates have been comparatively 

stable. During 1997, 79,102 new patients started ESRD. The incident rate was 

287 per million. The annual percent increase was near 10% at the start of the 

decade and has faIlen to a less than 5% increase in 1997. Despite these data 

suggesting that the incident rate of ESRD is slowing down, the pattern is still one 

of continued growth [l O]. 

In Canada, in 1996, the number of patients on RRT was 19,424 reflecting a 

prevalence rate of 648.2 per million, representing a 5.9% increase from 1995 to 

1996 [BI. The total number of new ESRD patients was 3,322, representing an 

age-adjusted incidence rate of 110 per million and a 3% increase in the number 

of new patients from 1995 [8]. Table 1 compares ESRD population in Canada 

and the U.S.A. 



i.5 Characteristics of the ESRD Patient Population 

In 1997, in the US. the average age was 56 for prevalent patients and 61 for 

incident patients. Incidence increased fastest and most consistently in the oldest 

(75+) age range. The average age of the prevalent population is lower due to the 

increased survival and younger age of the transplant population. Males 

represented 53% of incident patients in 1997. The annuat percent increase in 

incidence rates was similar for males and females. The racial distribution of 

incident ESRD patients continues to show disproportionateiy high rates in blacks 

and Native Americans. In 1997, blacks constituted 29% of new ESRD patients 

as compared to 12.6% of the US population. Native Americans constituted 1.2% 

of ESRD patients as compared to 0.8% of the US population. The age-sex 

adjusted ESRD incidence rates were much higher for blacks (873 per rnillion) 

and Native Americans (586 per million) than for the Asian Pacific Islander (344 

per million) and white (21 8 per million) populations [Il]. 

The cause of ESRD is subject to a certain amount of uncertainty. ESRD caused 

by diseases such as polycystic kidney disease and diabetes is easily defined. 

There is more uncertainty in attributing hypertension as the cause of ESRD, even 

though the association between blood pressure and ESRD has been established 

in recent epiderniological studies [12, 131. Hypertension is often the first clinical 

sign of CRF and can be a sign of CRF versus the actual cause of the disease. 

Diabetes is the most cornmon attributed cause of ESRD (41%), followed by 



hypertension (28%), glomerulonephritis (1 1 %), and cystic disease (4.0%). Other 

causes combine to make up 16% of new ESRD. 

Table 1: Epidemiology of ESRD in Canada and USA 

Incidence (par million population) 

Prevalence (per million population) 

% Transplants 

% Dialysis only HD 

Age Incident 
(Mean) 

Prevalent 
(Mean) 
Causes of ESRD % DM 

HTN 

Canada (1996) USA (lm 

In 1996, in Canada, the average age was 60 for incident patients and 55 for 

prevalent patients. Males forrn the majority of new patients starting treatrnent in 

al1 age groups, except children under age 15 and individuals over age 75. The 

four known leading causes of ESRD requiring RRT were diabetes (29%), 

glomerulonephritis (1 6%), hypertension, including renovascular disease (1 8%) 

Pl. 



1.6 Renal Replacement Modalities 

In 1997, in the U.S., 63% of the ESRD population was receiving HD, 28.1% had 

a functioning transplant and 8.7% were on PD. As of December 1997 12% of the 

dialysis population were receiving treatrnent with PD and 88% were receiving 

treatment with HD [Il]. 

In 1996, in Canada, 36.5% of the ESRD population was receiving HD up from 

32.4% in 1990, 46% had a functioning kidney transplant and 17.5% were on PD. 

Of the total dialysis population, 67.6% were on HD and 32.4% were on PD [8]. 

1.7 BURDEN OF ILLNESS IN END-STAGE RENAL DISEASE 

1 .Tl Morbidity in the ESRD Population 

Patients with ESRD experience significantly greater morbidity, including a 

substantial decline in QOL compared to aged-matched controls [IO]. The 

frequency and duration of hospitalization has been used as a measure of QOL 

because of the impact that it can have on the lifestyle of patients 14, 151. 

According to the USRDS data, the mean number of admissions for ESRD 

patients during 1995 was 1.3 for patients younger than 65 and 1.4 for patients 

older than 65 years. The average number of hospital days per year was 11.4 for 

ESRD patients older than 65 compared to a mean of 7.1 hospital days per year 

for non-ESRD patients over the age of 65 years [7, 161. 



1.7.2 Mortality in the EndStage Renal Disease Population 

The availability of RRT has allowed the survival of patient with ESRD, previously 

a fatal illness. Despite irnprovement in the overall quality of dialysis therapy, the 

mortality among dialysis patients remains high. The expected lifetirne of dialysis 

patients is 16% to 37% that of the age-, gender-, and race-matched US 

population. As an example, the mean expected remaining life span is only 9.3 

years for a person beginning dialysis at 40 and 4.3 years for a person beginning 

dialysis at 59 [17]. These values in older patients are only slightly better than 

those in patients with lung cancer, but much worse than the general population 

(37.4 and 20.4 years at 40 and 59 years respectively). 

1.7.3 Cause of Death in the End-Stage Renal Disease Population 

There are three major causes of death in dialysis patients: cardiovascular 

disease, accounting for approximately 50% of cases, infection, accounting for 

15-20%, and withdrawal from dialysis, accounting for 5-1 0% [17-191. While a 

decline in cardiovascular death has recently occurred in the general population, a 

similar trend has not been seen in the dialysis patient [20]. This may be due to 

the high prevalence of co-morbid conditions, the inability of dialysis to fully 

replace the functions of the native kidney, and adverse corisequences or side 

effects of RRT. The average age, of ESRD patients is over 60 years and 

approximately 16% are over 74; and many have underlying cardiac disease. It is 

estimated that only 27% of patients about to enter the dialysis regimen have a 



normal echocardiogram, while 19% already have severe leff ventricular 

hypertrophy [21, 221. 

Although it is not clear if CRF is associated with "accelerated" atherosclerosis, 

coronary artery disease is very comrnon. Factors that are common in the ESRD 

population and promote the develop of coronary disease and cardiovascular 

rnortality include hypertension, which is present in approximately 80% of patients 

at the onset of dialysis, left ventricular hypertrophy, due both to hypertension and 

chronic anemia, and possibly hyperlipidernia, as the most predominant 

abnormality in maintenance dialysis is hypertriglyceridemia. Several factors have 

been associated with increased rnortality. These include dialysis time, dialysis 

clearance or dose, RRF, type of dialyzer, Ruid balance, malnutrition, mode of 

dialysis and calcium/phosphate ratio [23, 241. 

1.8 Economic Costs of End-Stage Renal Disease 

Total expenditure for ESRD patients in the United States has increased 

dramatically, as a result of the growing patient population and the increasing 

costs of treating older and sicker patients [25]. The estimated total US ESRD 

costs in 1997 was 15.64 billion dollars, reflecting Medicare and non-Medicare 

payments. Information is available through Medicare payments on per patient 

year at risk by treatment modality costs. Total Medicare spending per year at 

risk for dialysis patients averaged $51,000 per year. Hemodialysis averaged 

$52,000 per year, whereas PD payments averaged $45,000 per year. Annual 



costs for ESRD treatment rise steadily with age from a low of $23,000 per person 

per year for ages O - 19, to a high of $57,000 per person per year for ages 75 

and older (148% increase between the youngest and oldest age groups) [17]. 

In Canada, Prichard estimated the cost of RRT using 1988 data, in a tertiary 

centre. In the first year CAPD cost $31,799, in-centre HD $37,242 and self-care 

HD $33,774, quoted in Canadian dollars [26]. This data does not reflect the cost 

of new connections used for PD, cost of erythropoietin nor costs involved with 

switching modalities. Goeree et al (1995) estimated the cost of dialysis 

rnodalities for ESRD using a societal viewpoint. The average cost per patient 

year in 1993 dollars was $88,585 for in-center HD, $55,593 for home HD and 

$44,790 for PD [271. 

1.9 Summary 

The ESRD population continues to grow in size and severity, challenging the 

medical community to provide care that will improve patient morbidity, mottality 

and QOL in a cost efficient manner. The following chapters will discuss the 

benefits of RRF in the ESRD patient and the measurement of RRF. An 

epidemiological study to determine the predictors of RRF loss in a national 

sample of incident patients with ESRD will be presented. Initiatives for a further 

study in measurement of RRF in the remnant kidney and interventions that may 

slow the progression of RRF in the native kidney will be discussed. 
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CHAPTER 2: THE ROLE OF RESIDUAL RENAL FUNCTION IN END-STAGE 

RENAL DISEASE 

2.1 Introduction 

Residual renal function (RRF) is often used as a synonym for glomerular filtration 

rate (GFR), considered the gold standard measurement of kidney function. 

However it needs to be emphasized that the kidney is involved with many other 

functions such as production of erythropoietin [Il, calcium, phosphate and 

vitamin D homeostasis [2, 31, volume control and removal of low and middle 

molecular weight proteins [4-61. The value of preserving these functions has 

been identified for patients with chronic renal failure (CRF). Burgess has recently 

reviewed this literature and developed evidence-based recommendations on 

consenrative treatrnent to slow deterioration of RRF in the CRF population [7]. 

Proteinuria, hypertension, initial serurn creatinine and cause of ESRD predicted 

RRF progression in this population. Tight control of blood pressure, particularly 

in the presence of significant proteinuria, moderate protein restriction, and 

treatment with angiotensin converting enzyme (ACE) inhibitors and calcium 

channel blockers appear to slow the rate of deterioration of RRF in the CRF 

population [7]. There is minimal evidence looking at the factors that preserve 

RRF in the ESRD population. This chapter examines the available literature 

looking at the benefit derived from preserving the RRF in patients on dialysis. 



2.2 Residual Renal Function and Dialysis Adequacy 

An adequate dialysis dose can be defined as the dose befow which one observes 

a significant worsening of morbidity and mortality. Urea kinetic modeling (UKM) 

is a tool for quantifying dialysis dose and nutrition. The mode1 generates the 

values of KW,,., as an indicator of dialysis dose for small molecules, and the 

normalized protein catabolic rate (nPCR). Gotch and Sargent introduced 

KWurea as a measure of HD adequacy, where K is the urea clearance, t the 

treatment tirne; and V is the volume of urea distribution [8]. In PD, KW", and 

creatinine clearance (CrCI) are used to assess the adequacy of dialysis 

clearance [9, 101. The concept of dialysis adequacy could involve topics such as 

adequate fluid removal, blood pressure control, acid base balance, calcium and 

phosphate control, adequate nutrition, and prevention of arterioscierosis; 

however, this discussion will focus on clearance of urea and creatinine. 

Numerous outcome studies have demonstrated a relationship between the 

delivered dose of HD and patient mortality and rnorbidity [Il-1 91. Relationships 

between dialysis adequacy indices and clinical outcome parameters have also 

been observed in long-term studies of PD [20-241. A KWU, of 2.0 per week and 

a total creatinine clearance (CrCI) of at least 60 L per week per 1.73 m2 have 

been recommended for patients on PD and a Kt/Vurea of 1.2 per dialysis session 

is recommended for patients on HD 125, 261. 



In al1 patients who have RRF, adequacy is dependent on the total clearance (the 

renal clearance Le. RRF plus the dialysate clearance) of urea and creatinine. 

The contribution of RRF to total solute and water clearance is significant, 

especially in the first year of dialysis and is often necessary to attain targets of 

KWu,, and CrCI. In PD, a renat CrCl of 1.0 ml/min will produce a weekly CrCl 

value of 10 liters representing approximately 17% contribution to the total weekly 

CrCl values. RRF exerts a greater contribution to CrCl than to K W  ,,, due to the 

large molecular size of creatinine. Given its important contribution, it is now 

recommended that RRF be measured on an ongoing basis and considered in the 

dialysis prescription [22-261. 

The total KüV,,,, usually decreases gradually with time, rnainly due to the decline 

in RRF. The relative contribution of RRF to Kmurea and CrCl has been 

addressed in several studies in the PD population. Brunkhorst et al have studied 

104 patients treated with CCPD 1271. The more the RRF decreased, the more 

frequently manual CAPD exchanges became necessary. With complete loss of 

RRF, CCPD had to be combined with one or two additional CAPD exchanges per 

day in order to achieve a weekly CrCl of 55 L per week. Teehan et. al. have afso 

demonstrated the importance of RRF when prescribing PD [S8]. The presence of 

RRF was found to have a profound effect on the prescribed dialysis dose. A 70 

kg patient with 4.0 ml/min of RRF would need to have to drain 7.6 L of dialysate 

per day as compared to a patient in the absence of RRF who would require 13.4 

L of dialysate per day. In a study of 64 CAPD patients who received CAPD 2 



liters x 4 exchanges per day, Heirnbürger et. al. found that RRF accounted for 

25% of the KWu, and 38% of the CrCl [29]. This agrees with a study of 58 

CAPD patients by Tattersall et al. [6], which showed that RRF was the strongest 

determinant of differences in KtNurea. 

Several recent studies have identified the importance of dialysis adequacy and in 

particular the contribution of RRF to patient rnorbidity and rnortality. The 

CANUSA Study was a prospective cohort study of nutrition and adequacy in 

CAPD involving 680 PD patients from 14 centres in Canada and the United 

States. This study showed that Kt/VuEa was a strong predictor of patient survival 

[22]. A decrease of 0.1 units K t N  per week was associated with a 5% increase 

in relative risk of death. Further analysis of the CANUSA Study has shown that 

RRF was responsible for the differences in adequacy and mortality. Every 0.5 

mllrnin. higher RRF was associated with a 9% lower risk of death; relative risk = 

0.91 ; pcO.01 [30]. Maiorca et al looked at the effects of age, pre-treatrnent risk 

factors, serum albumin, transferrin, nPCR, KW, normalized weekly CrCI, RRF, 

and subjective global assessrnent (SGA) on nutritional status, survival, and 

morbidity in a three-year prospective study of 68 CAPD patients and 34 HD 

patients [31]. Low dialysis MW,  defined as < l.lKt/V per treatrnent in HD 

patients and < 1.7 per week in CAPD patients, predicted death with a RR = 6.69; 

p 0.001. Each mllmin increase in RRF was associated with a 60% lower risk of 

death; relative risk = 0.40; p=0.001 [30]. In CAPD patients, weekly CrCl < 

50literslweek was associated with higher rnortality than in patients with CrCl > 50 



liters/week (p=0.011). Patients with low CrCl had lower RRF. This suggests that 

loss of RRF leads to under dialysis that significantly affects patient survival. 

Interestingly, the effect of CrCl on survival in a Cox analysis disappeared when 

RRF was included in the model. This suggests that the effect of CrCl is mainly 

due to the RRF and raises the question of whether clearance from the native 

kidney and peritoneal clearances are really equivalent [31]. Davies et al looked 

at patients on CAPD between 1990 and 1995 in a prospective, longitudinal, 

observational study [32]. On entry, and at six rnonthly intervals, estimations were 

made of weight, body mass index, plasma albumin, KW, RRF, nPCR, low 

molecular weight solute transport, and peritoneal protein losses. During the first 

18 months of dialysis treatment, there was a rapid and significant decline in total 

KW, due entirely to the loss of RRF. The loss of RRF was significantly faster in 

non-survivors cornpared to survivors (p < 0.05). 

Tattersall looked at 58 patients undergoing standard CAPD [33]. Urea kinetic 

modelling was perforrned for each patient during the first three rnonths. The 

number and length of any hospital admissions during the six months were 

recorded, as were deaths and transfers from PD to HD. Total K W  was 

significantly correlated with RRF (r = 0.79; p < 0.001). There was a significant 

negative correlation between hospital admissions per year and RRF (r = -0.32; p 

< 0.05). 



Diaz-Buxo et al Iooked at 2686 patients receiving CAPD or cyclic PD on January 

1, 1994 [34]. Demographic, laboratory, peritoneal, and renal clearances were 

analyzed for their effect on patient survival. Renal clearances, but not peritoneal 

clearances, were associated with risk of death. Each mllmin. increase in RRF 

(equivalent to 1 O L per week) was associated with a 12% reduction of odds ratio 

whether or not adjusted for peritoneal clearance. 

Faller and Lameire have reported on 23 patients maintained on CAPD for seven 

year [35]. Total KW,,,, declined from 0.88 I 0.08 during the first years to a 

minimum value of 0.62 + 0.07 after seven years. The contribution of RRF to the 

total KtN decreased from 21 % to a negligible 3% after seven years. There was 

a negative correlation between the mean KW,,, per year and the number of 

hospitalization days in that year (r = -0.23; p c 0.01). It was noted that the RRF 

in the suwivors was much greater than the RRF in the decedents prior to their 

deaths. 

Davies identified 25 PD patients who survived five years or more in an 

observational study [32]. Longitudinal changes over the first five years of 

treatrnent included a loss of RRF, increasing solute transport, and a decline in 

nutritional status. Patients surviving long-term PD were characterized by 

prolonged RRF, maintained nutrition, and lower solute transport. 



Lowne (1998) recently reported on data from the patient statistical profile (PSP) 

system, supported by Fresenius Medical Care, North America [371. PSP is an 

industry-supported database designed to detect management changes and 

support continuous quality improvement. PSP can be viewed as a sub-sample of 

the USRDS since patients registered with PSP included 23.3% of the USRDS 

registered patients during the past decade. The authors evaluated measures 

that were most closely associated with mortality using data from 1991 through 

1995. Lower albumin, creatinine, percent ideal weight, and urea reduction ratio, 

(measure of dialysis dose) and declining RRF increased the odds ratio of death. 

Interestingly peritoneal clearance did not affect the risk of death. Figure 1 

illustrates this information. These profiles suggest again that the equivalence of 

clearances cannot be assumed and that renal clearance may offer greater 

benefit to suwival. 

2.3 Residual Renal Function and Nutrition 

A strong association exists between nutritional status and morbidity and mortality 

in patients with ESRD who are treated with HD and PD 112, 22, 38-45]. The 

CANUSA Study showed that better nutritional status, as estimated by serum 

albumin concentration, nPCR, % lean body weight and SGA were also 

associated with improved outcornes [46]. The study demonstrated a strong 

association between baseline RRF and each of the estimates of nutritional status 

at the start of dialysis. Those patients with lower RRF at the start of dialysis had 

consistently worse nutritionai status regardless of the estimate used. This 



Residual îlemi Clearance of Creatinine 
ûdds Ratio of De- 

Weekly Peritoneal Creatinine Clearance 
Odds Ratio of Death 

Figure 7. Risk profiles showing the odds of death by residual renal creatinine clearance (K.=) or 
pentoneal creatinine dearance (Kp. J among peritoneal dialysis patients. 

Lowrie EG, Zhu X. Law NL: Pnmary associates of mortality among dialysis patients: Trends and 
reassessrnent of KW and urea reduction ratio as outcorne-based measures of dialysis dose. Am 
J Kid Dis 32;6(SupplI):S16-S31, 1998 



supports the observation of Ikizler et al, who demonstrated that dietary protein 

intake begins to decline steadily after CrCl decreases below 50 ml/min. [47]. 

Caravaca et. al looked at 9 patients with significant RRF at the beginning of PD 

therapy. The number of peritoneal exchanges was increased as RRF fell to 

maintain a Kt/Vu,a equal to 2.0. The mean energy intake normalized for actuai 

body weight decreased significantly affer the loss of RRF (37.5 I 10.1 

kilocalories per kilograrn per day versus 32.8 2 8.9 kilocalories per kilogram per 

day; p=0.02). Loss of RRF led €0 a reduction in dietary protein and energy intake 

despite the maintenance of similar KW,,, [48]. 

2.4 The Influence of Residual Renal Function on R2-Microglobulin Levels 

Most of the literature focuses on clearance of urea and creatinine as markers of 

adequacy in both HD and PD. It is known that chronicretention of proteins of low 

molecuiar weight seems to be connected with some of the observed problems of 

ESRD, such as reduced immune function, amyloidosis, and hormone imbalance 

[49]. R2-rnicroglobulin (B2M), a low molecular weight protein. forms the light chah 

of the Class 1 major histocompatibility antigens [50]. The concentration in body 

fluids increases in proportion to loss of kidney function, as it is normally 

eliminated by the process of GFR followed by reabsorption and catabolism by the 

proximal tubular cells [50, 511. Carpal tunnel syndrome, erosive arthropathy, and 

destructive cystic bone disease are attributed to the deposits of this amyloid 

substance consisting mainly of B2M [52] and are complications of long-term 



dialysis therapy. Tielmans et al studied 25 HD and 25 PD patients matched for 

RRF in duration of dialysis therapy. In both PD and HD, B2M was inversely 

correlated with RRF (p < 0.001) 153, 541. Blumberg et al looked at 52 patients on 

HD and found the &M level was correlated with time on HD (r=0.43;p<0.04) and 

was inversely correlated to with RRF (r=0.87; p<0.001). Brown et al studied 34 

patients on maintenance HD. Serurn B2M and alpha 1-microglobulin levels were 

closely related to daily UV and RRF (r=0.83; p < 0.001) [55]. Similarly, Amici et 

al demonstrated the contribution of RRF in determining the B2M levels, and it is 

seemingly more important than B2M peritoneal clearance [56]. 

2.5 Residual Renai Function and Anemia 

Anemia related to ESRD contributes to a number of serious problems including, 

ventricular hypertrophy, angina, and congestive heart failure [57]. These 

abnormalities reduce quantity and quality of Iife in the ESRD population [58]. It 

has been observed that PD patients require fewer transfusions and have better 

control of anemia than do HD patients [59, 601. One of the differences observed 

between PD and HD in these first years of treatment is the presence of a higher 

RRF in PD. This suggests that RRF may have an influence on anemia in the 

ESRD population. The GFR in patients with CRF shows a clear relationship with 

hematocrit levels, but data is less supportive when studying patients already on 

dialysis [61]. Nolph et al did not find a relationship between hematocrit and RRF 

[62], however, most of the patients were anuric or had a GFR of < 2.0 ml/min. 

Opatrny et al followed 22 CAPD patients to study the importance of peritoneal 



clearance and RRF on the degree of anernia 1631. A significant correlation 

between hematocrit and total K W  (r=0.61; p < 0.01) and RRF (~0.43;  p c 0.05) 

was dernonstrated. In a regression analysis, dividing the total K tN  into 

peritoneai and renal components, a significant correlation between hematocrit 

and renal clearance (r=0.47; p c 0.05) was found. The authors conclude that the 

RRF appears to have greater influence on anemia than on the peritoneal K W .  

2.6 Residual Renal Function and Other Benefits 

Aluminum accumulates in patients undergoing dialysis contributing to 

osteomalacia, encephalopathy, and anemia. The principal source of this 

aluminurn is the water used to prepare the dialysate and aluminum-containing 

phosphate binders. Altmann studied 106 HD patients to look at the effect of RRF 

on alurninurn concentrations [64]- In a multiple-regression analysis, urine volume 

(UV) was correlated to serum alurninurn levels significantly at r=0.70; p < 0.001. 

Phosphate excretion is altered in ESRD due to reduced nephron mass. 

Phosphate retention contributes to secondary hyperparathyroidism, calcifications, 

pruritus and further loss of RRF [65]. Block et al reported on data from the 

USRDS looking at phosphate as a predictor of death in the ESRD population 

[66]. The relative risk of death for those with a serum phosphate > 6.5mg/dl was 

1.27 and was not diminished by statistical adjustment for coexisting rnedical 

conditions, delivered dose of dialysis, nutritional parameters or rnarkers of non- 

compliance. Lopez-Menchero et al followed calcium phosphate metabolism and 



found a significant relationship between RRF and serum phosphate level 

(?=0.19; ~ ~ 0 . 0 5 )  in the ESRD population [671. 

Pregnancy is often difficult to achieve among women on dialysis. The registry of 

European Dialysis and Transplant Association collected information on 

successful pregnancies in women treated with dialysis and transplantation. 

Sixteen successful pregnancies occurred in women on dialysis, al1 of who had 

RRF [68]. 

2.7 Residual RenaI Function and Quality of Life 

Merkus et al has recently reported on the quality of Iife (QOL) of patients three 

months after the start of dialysis [69]. Patients' self-assessment of QOL was 

measured using the SF-36, a 36-item short form health survey questionnaire 

encompassing eight dimensions. One hundred and twenty HD patients and 106 

PD patients completed the SF-36. A higher nurnber of CO-morbid conditions, a 

lower hemoglobin level, and a lower RRF were independently related to poorer 

QOL. They found that patients with a lower RRF reported a worse QOL, while no 

. effect of dialysis K W  could be dernonstrated, suggesting that clearance achieved 

by the native kidneys is superior to clearance obtained by dialysis. In addition, 

deteriorating RRF and decrease in the UV may give rise to a worse perception of 

QOL by a growing awareness of the complete dependence on dialysis [69]. 



Most of the above reported studies have either retrospectively looked at the 

contribution of RRF to dose. nutrition. etc. or have added it as a secondary 

outcome to the study objectives. In a recent publication, Lopez-Menchero et al 

prospectively studied the influence of RRF on dialysis dose, nutritional 

parameters, anernia, and calcium-phosphate metabolism in 37 PD patients [671. 

Residual renal function was measured as the average clearance of creatinine 

and urea and assessrnents were done at 1 month, 12 months and 24 months 

after study start. In a multiple regression analysis RRF was shown to be the 

most important factor in terms of total CrCl (8=0.94;8=0.999), total K W  (?=0.8; 

B=0.489), nPCR (?=0.53; 8=0.446), albumin (?=0.25; b=0.229), hemoglobin 

level (r2=0.28; 80.407) serum phosphate levels (6 = 0.19; b=-0.594). This 

provides stronger evidence supporting the benefits of RRF and reinforces the 

need to identify predictors of RRF loss and preserve the RRF in patients on 

dialysis. 

2.8 Summary 

RRF is directly related to total dialysis dose, nutritional markers, f32M levels, 

anemia control, phosphate and serum aluminum levels and QOL. Dialysis dose, 

nutritional factors, and phosphate control are related to patient morbidity and 

death. We, therefore. can conclude that RRF is also an important contributor to 

modifying patient morbidity and mortality. Measures that can be identified as 

associated with better preservation of RRF should have a beneficial effect on 

patient morbidity and mortality. 
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CHAPTER 3: MEASUREMENT OF RESIDUAL RENAL FUNCTION 

3.1 Introduction 

The usefulness of any diagnostic test is based on its accuracy (comparison to a 

standard), precision (related inversely to the variability of rneasurements), and 

convenience [Il. In clinical practice, physicians use test results to characterize 

the degree of functional abnormalities in the individual patients. Tests are then 

repeated to assess changes in individuals over time. In clinical trials, 

investigators use test results to characterize a study population and repeated 

evaluations are perforrned to assess changes in the population over tirne. The 

decision to use a particular test depends on features of the test, features of the 

subjects to be tested and the setting in which the test is used. 

The available methods for measurement of residual renal function (RRF) and the 

advantages and disadvantages will be discussed in the following chapter. The 

use of urine volume (UV) will be discussed in detail to support its role as a 

measure of RRF in ESRD patients. 

3.2 Glomerular Filtration Rate 

The glomerular filtration rate (GFR) is considered to be the best overall 

measurement of renal function in health and disease. Advantages of the GFR as 

an index of renal function are that it is a direct measure of renal function, it is 

reduced prior to the onset of symptoms of renal failure and the impairment in 



GFR is associated with the structural abnormalities observed in CRF. 

Determination of the GFR requires the utilization of a substance that is freely 

filtered by the glomerulus and is neither secreted nor reabsorbed by the renal 

tubule. lnulin, a fructose poIysaccharide, exhibits these characteristics and is 

generally considered the gold standard for GFR rneasurement [Il. lnulin rnust be 

administered intravenously, requires frequent analyses of blood and urine 

samples and is not readily available. Other radio-labeled chelating compounds 

(e.g. 9 9 m ~ ~ - ~ ~ ~ ~ ) ,  have been used to measure the GFR however, they too can 

be difficult to perform accurately, are time consuming, expensive, and often 

impractical [1,2]. GFR can be relatively insensitive for detecting early renal 

disease, estimating its severity and monitoring its progression. 

Because GFR varies directly with renal size, which in turn varies with body size, 

GFR is conventionally factored by body surface area. In normal humans, GFR is 

approximately 125mllmin11 .73m2. The value of 1 .73m2 reflects the average value 

for men and wornen. Despite adjustment for body surface area, however, the 

normal GFR for women is approximately 8% lower than for men. 

Other tests, such as serum creatinine, creatinine clearance (CrCI), urea 

clearance, the average of creatinine and urea clearance, and urine volumes (UV) 

have been used to assess RRF in the CRF population. Levey and Walser have 

reviewed this literature [ I l  21. 



3.3 Serum Creatinine and Creatinine Clearance as a Measure of RRF 

The creatinine clearance is the most widely used test to estimate the GFR. The 

use of serum creatinine as an exogenous filtration marker was first reported in 

1926 [3]. Creatinine is derived from the metabolism of creatinine in skeletal 

muscle and from dietary meat intake. Like inulin, creatinine is freely filtered 

across the glornerulus and is not reabsorbed or metabolized by the kidney, 

however approximately 15% of urinary creatinine is derived from tubular 

secretion [4]. Creatinine clearance, therefore, usually tends to exceed the GFR 

by the I O  to 15 percent, because of the urinary creatinine that is derived from 

tubular secretion. The CrCl is usually deterrnined from a 24 hour urine collection, 

since shorter collections tends to give less accurate results. There are two 

major errors that can limit the accuracy of the CrCI, an incomplete urine 

collection and increasing creatinine secretion. Figure 2 shows results from a 

representative study by Shemesh and colleagues, in which simultaneous 

measurements of GFR by inulin clearance, CrCI, and serurn creatinine level were 

made in patients with glomerular disease and a GFR between 1- 170ml/min [4]. 

It is clear frorn these data that neither the CrCl nor the serum creatinine level 

accurately estimates GFR. The sensitivity (proportion of true positives) of a 

reduced CrCl or etevated serum creatinine level in detecting a reduced GFR is 

only 75% and 61% respectively. Both the CrCl and the reciprocal of creatinine 

have been shown to be unreliable rnarkers of renal function in chronic renaI 

failure and ESRD [5, 61. Nonetheless, the serum creatinine concentration is 



Figure 2. Relatlonships behveen GFR, Cy and P, ln patients with giomerular disease. Vertical dashed llnes ln A and B correspond to thedower 
llrnlt for lnulln clearance (82 ml/mln11.73 m ); the horizontal llne In A corresponds t the lower llmit for creatlnlne clearance (77 rnllmln11.73 m ); the 
horizontal llne In 0 corresponds to the upper llmlt b r  the serum creatlnlne concentration (1.4 mgldl). The shaded areas lnclude values for patients 
In whorn lnulln clearance is reduced but creatlnlne clearance (A) or serum creatlnlne concentration (0) remalns normal. 

Shemesh O, Golbetz H, Kriss JP, Myers BO: Limitation of creatinine as a filtration marker In glornerulopathlc patients. Kidney Int 28:830-838, 
1985 



widely used to measure progression of renal disease in clinical practice whereas 

the CrCl is more commonly used in clinical trials. 

3.4 Predictive Eq uations to Estirnate Creatinine Clearance and GFR 

A number of different forrnulae have been developed to estirnate CrCl and GFR 

in patients with CRF without timed urine cotlections [7 - 91. These formulae were 

developed and validated on a population with CRF. The Cockcroft GauIt formula 

estimates CrCI and includes age and weight with a correction factor for gender 

[7]. The Walser formula estimates GFR and was developed in 85 patients with 

established CRF with serum creatinine concentration > 177 mrnollL. The 

glornenilar filtration rate ( 9 9 m ~ c - ~ ~ ~ ~ )  and serum creatinine were deterrnined 

and a prediction equation was developed which included creatinine, age, and 

weight with a correction factor for gender [8]. Levey, frorn the Modification of Diet 

and Renal Disease group (MDRD), recently published a formula for estimation of 

norrnalized GFR from serum creatinine [9]. This formula was developed on 1070 

patients from the MDRD study. They performed a cross-sectional study of GFR 

(lohexal clearance), CrCI, serurn creatinine concentration, and dernographic and 

clinical characteristics in patients with CRF. A simplified prediction equation to 

estirnate the norrnalized GFR included serum creatinine, age, gender, serum 

urea nitrogen levels, and serum alburnin. The equation explained 90.3% of the 

variance in the Iogarithrn of GFR in the validation sarnple, representing a strong 

correlation. The equations used to estimate GFR and CrCl are found in 

Appendix 2. 



Unfortunately these equations have not been validated in a sufficiently large 

population of patients near the onset of ESRD. None of these formulae have 

been used to assess RRF in patients on dialysis because they depend on the 

native renal function as the sole mechanism for solute removal and CrCI, Le. 

without dialysis. 

3.5 The Average of Creatinine and Urea Clearance as a Measure of RRF 

An average of creatinine and urea clearance, using 24-hour urine collections, has 

shown to be a better estimate of GFR in the ESRD population 111-151. As GFR 

declines, urea absorption is reduced and is less dependent on the state of 

hydration. The fraction of reabsorbed urea is approximately the same as the 

fraction of excreted creatinine that is derived from tubular secretion. 

Consequently, in a patient with a GFR of c 15 mllmin per 1.73 m2, the average of 

the urea and creatinine clearance is a closer approximation of GFR than 

creatinine clearance alone [l-151. 

Lubowitz et al [Il] compared inulin clearance, considered the gold standard of 

GFR rneasurement, to average clearance of urea and creatinine. lnulin 

clearance values for this group range from 20.3 ml/min to < 1 mlfmin with an 

average of 10.68 mt/rnin. CrCl was greater than inulin clearance in al1 15 

patients, while urea clearance was less than inulin clearance in ail patients 

except one. In Figure 3, the average of the creatinine and urea clearance, for 

each patient, is plotted as a function of the inulin clearance value. The points are 



clustered about a line having a slope of 1.0. The equation for the linear 

regression line transcribed by the experimental points using the method of least 

squares is y = 1.034~ + 0.24. 

Van Olden et al looked at RRF among ten patients receiving chronic PD [12j. 

Two 24-hour clearance periods were investigated. Creatinine, urea, and an 

average of the creatinine and urea clearance were cornpared to inulin clearance 

with and without the administration of cimetidine. The administration of 

cimetidine blocks the secretion of creatinine and provides a closer estirnate of the 

GFR. The average of the creatinine and urea clearance approximated the GFR 

as measured with inulin, r= 0.98; p < 0.001 [12]. Lavender et al looked at 100 

simultaneous clearances of inulin, Cr-labelled Edetic acid (EDTA), creatinine, 

and urea in 28 patients with CRF [13]. Cornparison was made between the 

average of the urea and creatinine clearances and inulin clearances in patients 

with inulin clearances < 15 mllrnin. There was a good agreement behrveen these 

two measurements (r = 0.993; p < 0.001). Bauer et al looked at 31 patients with 

inulin clearance < 20 mllrnin/1.73m2 who underwent simultaneous timed 

creatinine, urea, and inulin clearances 1141. The average of the creatinine and 

urea clearance correlated positively with the inulin clearance and was the best 

clinical indicator of GFR, (r = 0.85; p < 0.001). 

The National Kidney Foundation Dialysis Outcomes Quality Initiatives (NKF - 

DOQI) recommends using the rnean of the creatinine and urea clearances to 



Figure 3. Relationship between average of the urea and the tnie creatinine clearance and inulin 
clearance. 

Lavender S. Hilton P. Jones NS: The measurement of GFR in Renal Disease. Lancet 2:1216- 
1218,1969 



determine the RRF component of CrCl and as an estimate of GFR in the PD 

population [i 61. 

3.6 Urine Volume As A Measure Of Residual Renal Function 

UrÎne volume (UV) was used as the measure of RRF in the study of predictors of 

RRF loss among patients on dialysis. The causes of variation in UV as welI as 

its relative merits and weakness as a marker of RRF wilf be discussed. 

Afthough the GFR is very low in patients with ESRD, the UV is variable. These 

findings are due to the fact that UV is determined by the difference between the 

GFR and the rate of tubular reabsorption. It is likely that volume expansion, due 

to sodium retention, and urea osmotic diuresis play a more important role in the 

persistent UV [ l a .  Volume expansion alters hormonal milieu causing an 

increase in atrial natriuretic peptide and a decrease in aldosterone, which 

promotes sodium excretion despite the very low GFR. In comparison, water 

intake plays a relatively small role in regulating the UV in CRF. These patients 

can neither dilute nor concentrate their urine normally. The range of urine 

osmolality that can be achieved may Vary from a minimum of 200 mosmollkg to a 

maximum of 300 mosmollkg, as compared to 50-1200 mosmol/kg in the normal 

subject [17]. The net effect of this anti-diuretic hormone (ADH) resistance is that 

variance in ADH release and response to changes in water intake has relatively 

littte effect on the UV. 



In spite of these shortcomings, UV has been correlated to GFR in a number of 

studies [18 - 211. Milutinovic et al sirnultaneously compared measured 

clearances of iothalamate, DTPA, inulin, endogenous creatinine, urea, and urine 

volume in patients receiving repetitive HD with a GFR < 5 mllmin. Data on UV 

and GFR were reported. Pearson correlation coefficient for inulin clearance and 

UV was calculated and the correlation was significant for each individual patient 

(r = 0.71 ; p < 0.01). In other words, once the relationship between the UV and 

CrCl is accurately determined, changes in 24-hour volume can be used for 

approximate calculation of clearances, as both decrease with time [18]. 

Tzamaloukas collected clearance studies including urine volume and dialysate 

volume on 108 CAPD patients. Urine volume predicted the total dose delivered 

to the patient [19]. An algorithm was deveioped from the urine volume to ensure 

adequate dosing was maintained. Van Olden measured RRF in 13 chronic HD 

periods in two interdialflic periods. Plasma sodium, chloride, potassium, urea, 

creatinine, albumin, osrnolality, and inulin were measured at the beginning and 

the end of the interdialytic interval. Urine volume, sodium, chloride, potassium, 

urea, creatinine, protein, osmolality, and inulin were measured in daily collections 

during the complete interdialytic interval. There was a strong relationship 

between the change in UV and GFR for individual patients (r = 0.82; p < 0.005). 

They concluded that a change in UV during the interdialytic interval in HD patient 

is dependent on the change in GFR. - 



Urine volume has also predicted QOL in patients treated with chronic dialysis p3, 

241. Ravid et al looked at 38 patients with ESRD being treated with HD. They 

had al1 been established on chronic HD patients for 12 - 18 hours weekly for one 

to six years, and their course was relatively stable throughout the observation 

period. Patients' RRF was calculated as CrCl and UV was recorded. QOL was 

based on three clinical criteria: 1) the patients' well being, defined in terms of 

continuation of normal functions at home and work, 2) presence or degree of 

heart faiiure, based on subjective cornplaints, objective physicai findings and the 

need for cardiac drugs, and 3) the presence and degree of anemia. These 

qualities were scored with 14 patients in Group A with a clinical score of 8 - 10, 

expressing a good QOL, 6 patients in Group B with a score of 5 - 6, and 15 

patients in Group C whose score was O - 3, expressing a poor QOL. The mean 

RRF of Groups A, B, and C were 3.8 mllmin., 1.3 ml/rnin., and 0.59 mllmin. 

respectively. The differences between mean RRF of the three groups were 

highly significant (p c 0.001). Mean daily UV were 724 in Group A, 207 in Group 

B, and 52 in Group C. Regression analysis showed a significant correlation 

between the clinical scores and RRF (r = 0.80; p < 0.005) and between the 

clinical scores and the daily UV (r = 0.78; p < 0.005). There was also a good 

correlation between the RRF and the UV of each patient (r = 0.84; p < 0.005). 

3.7 Summary 

This literature supports the use of UV as a useful measure of RRF among ESRD 

patients. Urine volume is readily available, inexpensive and an easy 



rneasurernent of RRF. Despite the imprecision of this rneasure, the advantage of 

potentially deveioping hypotheses regarding factors predictive of RRF from a 

large data set were felt to outweigh the limitations of using this measure as an 

outcome variable. 
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CHAPTER 4: METHODOLOGY 

4.1 Introduction 

This chapter expands upon the methodology used for the study, Predictors of 

Loss of Residual Renal Function among New Dialysis Patients. An abbreviated 

discussion of the methodology, the results and the discussion regarding this 

study are found in Chapter 5. 

4.2 Patient Population 

The USRDS Dialysis Morbidity and Mortality Study (DMMS) is an observational 

study in which demographic, CO-morbidity, laboratory, treatment, socioeconomic, 

and insurance data were collected from a large random sample of dialysis 

patients in the United States, using the patients' dialysis records. The study 

included four phases ("waves") of data on a total of 24,000 dialysis patients over 

three years. Waves 1, 3, and 4 were historical prospective studies in which data 

was collected from patients receiving in-centre HD on December 31, 1993 and 

each included approximately 6000 patients. Wave 2 was unique in that it was a 

prospective study of a random sample of incident patients initiating dialysis in 

1996 and induded 4500 PD and HD patients. Wave 2 was the data set used for 

the study Predictors of Loss of Residual Renal Function Among New Dialysis 

Patients. 

Each wave included a data collection instrument for collecting core data. This 

provided a consistent, fundamental data set that was shared among the different 



waves. Questions included information relating to adequacy of dialysis, dialyzer 

membrane, and dialysis reuse. The core data is being used to develop a co- 

morbidity infrastructure that will be useful for investigation of other important 

research questions. In addition, both Waves 1 and 2 included a non-core 

component designed to address additional research questions that required a 

smaller sample size. In Wave 2 additional data was collected on PD prescription 

and delivery, RRF, and medications. Wave 2 was also unique in that an 

extensive patient questionnaire was administered at baseline with questions 

pertaining to QOL, pre-ESRD care, modality choice, transportation, and 

rehabilitation. 

4.3 Patient Selection 

Wave 2 of DMMS is a prospective study of incident HD and PD patients 

(Medicare and non-Medicare) who initiated ESRD therapy in 1996. For the 

purposes of this study, the definition of an incident patient is one who is receiving 

regular in-centre HD or any type of PD treatment for ESRD at least once weekIy 

for the first tirne. This does not include patients receiving intermittent dialysis 

treatment for fluid overload or heart faiiure. Modality type was identified on day 

60 of the ESRD. Patients treated with PD or HD on this date (day 60) were 

eligible. The rnodality assignment for patients on HD, but who were training for 

PD, on day 60 was deferred 10 days. Patients were excluded if they were on 

another form of RRT (example: home hemodialysis), if they had a previous 



transplant. or if they were less than 18 years of age. The study start date was 

considered the date that the modality type was defined (about day 60 of ESRD). 

The dialysis units included in Wave 2 are a random seiection of 25 % of the 

dialysis units in the United States Iisted in the Master List of Medicare-approved 

dialysis facilities as of December 31, 1993, and al1 new dialysis units opening 

after January 1, 1994. The master list exists as part of the annual Medicare 

survey of dialysis facilities. The number of participating dialysis units was 799. 

Patients initiating ESRD therapy in 1996. in the selected dialysis units, and who 

met the inclusion/exclusion criteria were eligible for sampling. To obtain 

comparable nurnbers of PD and HD patients within the sample, PD patients were 

over-sampIed by a factor of 5. Al1 eligible incident PD patients were included, 

whereas onty 20% of al1 corresponding HD patients were included, selecting only 

those with social security numbers ending with 2 or 9. 

The selection of dialysis units occurred at the USRDS Coordinating Centre. Data 

collection materials were distributed to the ESRD networks, which in turn 

distributed materials to the 799 participating facilities. Patient selection and 

enrollment occurred at the dialysis units according to instructions provided by the 

USRDS Coordinating Centre. Patient enrollment cornmenced in March 1996. 



4.4 Data Collection 

Patient specific data were collected at the time of enrollment (study start), and 

after 8 to 18 months of follow up. Data collected at the time of enrollment 

included the following: 

1 ) Medical questionnaire: This questionnaire includes the core data common 

to al1 DMMS Waves, in addition to some of the non-core items and was 

cornpleted by personnel at each dialysis unit by patient medicaf record 

abstraction. Personnel also obtained information directly from the patient. 

Patient-specific data pertaining to demographics, prior medical history, 

Iaboratory results, RRF, psychosocial history, dialysis prescription, dialysis 

delivery, vascular access, and medications were collected using this 

questionnaire. This questionnaire can be found in Appendix 3A. 

2) Patient Questionnaire: All HD and PD patients enrolled in Wave 2 were 

asked to complete a patient questionnaire. The patient questionnaire 

collected data pertaining to the QOL using the Kidney Disease Quality of 

Life Short Form (KDQOL SF), a kidney-specific QOL questionnaire. It 

also collected data regarding medical care prior to chronic dialysis, choice 

of modality, transportation, employment, and rehabilitation. 

Follow up questionnaires were adrninistered 8 to 18 months after enrollment and 

included the following information: 



1) Medical Update Questionnaire: This f o m  was completed for a11 patients 

enrolled. Data regarding patient status, dose of dialysis, RRF, and for HD 

patients, vascular access was collected. (Appendix 3B) 

2) Patient Questionnaire: Ali patients who cornpleted a patient questionnaire 

at baseline were requested to complete a follow up questionnaire that 

included the KDQOL, SF-36, as weil as questions pertaining to modality 

choice, cornpliance, employment, and rehabilitation. 

Each participating dialysis unit completed a facility questionnaire (one time only). 

Data pertaining to dialyzer reuse, water treatment, URR, or K W  calculation, or 

other practice patterns were collected using this instrument. 

A pre-test of the baseline medical and patient questionnaires were conducted 

the fa11 of 1995. Four ESRD networks volunteered to participate in the pre-test 

and recruited a total of 24 dialysis units for participation. The pre-test focused on 

the selection enrollment of patients and on the overall feasibility of collecting both 

the medical and patient questionnaires, interruption, tirne required, etc. The 

USRDS Coordinating Centre developed the data collection instruments. 

4.5 Outcome Measurements 

The data collected at the start of diaIysis (day 60), and at follow up (mean 12 

months) was used to look at predictors of loss of RRF in patients initiating 



dialysis. The outcome (dependent) variable, loss of RRF, was defined as 

estirnated UV < 200m1124 hours at the time of folIow-up (8 - 18 months initiation 

of dialysis). The reason for using UV as a measurement of RRF is described in 

Chapter 2. 

There are 2 issues involving measurement of RRF to be discussed. The first 

issue involves the measurement of baseline RRF at the start of dialysis. As the 

level of RRF at the start of ESRD varies for each patient and was expected to be 

associated with subsequent loss of RRF, it was important to adjust for such 

baseline differences. ldeally an estimated GFR, using an average of the 

creatinine and urea clearance frorn a 24-hour urine collection, at study start on 

every patient would be preferred. In this study, data necessary to calculate this 

estimated GFR was requested at or near day 60 of ESRD on a voluntary basis. 

It was available for only 10 HD patients and 428 PD patients. The average 

estimated GFR was 3.4 rnllmin. among the HD-treated patients, and 4.9 mllmin. 

among the PD-treated patients. Given the low rate of reporting, particulariy 

among the HD-treated patients, these numbers were unlikely to be 

representative of the population. We did have the baseline information 

necessary to calculate an estimated GFR or CrCI using the equations in the 

literature, including the Cockcroft Gault, the MDRD, and the Walser equation 

[1,2,3]. The Cockcroft Gault equation [Il estimated CrCl to be 10.3 ml/min, the 

MDRD equation 121 estimated GFR to be 7.5 ml/min., and the Walser equation [3] 

estimated GFR to be 6.08 mllmin. It was felt that the MDRD equation, corrected 



for body surface area, was the best rneasure of estimated GFR at ESRD onset 

121. The MDRD formula includes serum creatinine (taken prior to initiation of 

diaIysis), age, gender, race, serum BUN and albumin. This formula was 

developed and validated from data on 1628 patients with decreased GFR 

(average 12' 1-iothalamate clearance = 39.9mllmin11 .73m2) in the MDRD study 

[4]. This formula, however, has not been validated in patients at the start of 

ESRD. The Walser equation was not used because negative values of GFR 

were obtained at the lower end of CrCI values. The Cockcroft GauIt equation 

was an estimate of CrCl rather than GFR and was developed on a population 

with a higher level of renal function. Baseline data on urine volume was not 

collected. As this was a study of incident dialysis patients with chronic renal 

faiiure, it was assumed that most patients would have some baseline RRF. 

The second point relates to the measurement of RRF at follow-up. Follow-up 

data collection was completed 8 - 18 months after the initial data collection. 

Data necessary to calculate the estimated GFR (average of creatinine and urea 

clearance) from a 24-hour urine collection was available for only 11 HD patients 

and 369 PD patients so that once again this measure of RRF could not be used. 

Data on UV at follow-up was available and was reported as a dichotomous 

variable, < or > 200 mY24 hours. For patients with estimated UV > 200 ml124 

hours, timed urine collection data (UV, creatinine and urea concentration) were 

collected on a voluntary basis at the dialysis facilities' discretion. Patients with an 

estimated UV of < 200 ml124 hours were considered to have lost their RRF and 



no further timed urines were collected. Among patients in the data set for whom 

an estimated GFR could be calculated, using the average of creatinine and urea 

clearance, the correlation coefficient for association between UV and the average 

of the creatinine and urea clearance was r = 0.57; (p<0.01) at baseline and r = 

0.49; (p < 0.01) at follow up, further supporting the role of UV as an estirnate of 

GFR. 

Patients self-reported UV and the available data was examined to check the 

reliability of this information. Two questions were asked regarding UV. The first 

question asked if the approximate UV was > or < 200 mt/day. The second 

question asked for actual UV on the patients with values > 200 ml/day. For the 

purposes of analysis, patients were classified as having > 200 mlfday if either of 

these two questions categorized them as having > 200 rnl/day. Both pieces of 

information were available on 557 patients. There were only 33 with discrepant 

information from the two questions. OnIy four patients reporting UV > 

200m1/24hours had < 200 ml on timed urine collections. In patients reporting UV 

< 200 ml/day, 29 had > 200 ml on timed urine colIections. These data are 

suspect in that patients with < 200 ml/day were not to have a cornplete collection 

obtained. However, overall it suggests that agreement between the two 

questions is high and the question distinguished between those with > 200m1/24 

hours and those with < 200m1/24 hours. 



4.6 ANALYTICAL METHODS 

4.6.1 Data Screening 

The data collected for the Wave 2 database were reviewed prior to analysis. 

Univariate procedures were run on each variable to define the mean and 

standard deviation as well as the quintiles and the extreme values. A range of 

values was established for laboratory parameters, and out-of-range values were 

identified. It was agreed that these values should be exciuded from the analyses 

because the values were implausible and Iikely due to data input errors. Missing 

values for numerical variables were set to the mean for the overall group with the 

exception of estimated GFR at ESRD onset, which was set to the mean by race 

and gender [5]. For CO-morbid conditions, missing values were considered to 

indicate absence of the condition. 

4.6.2 Seiection of Variables 

A literature review was done to identify known predictors of RRF Ioss among the 

ESRD and CRF population. The DMMS Wave 2 database was reviewed to see 

if the data were available. The selection of the variables and the use of 

explanatory analyses are discussed below. 

Thirty-three baseline variables were included in the model, for evaluation of 

possible independent predictors of RRF loss as shown in Table 2. These 

included age, gender, race, etiology of ESRD, diabetes, HTN, GN, other, data on 



pre-ESRD care inciuding late referral to a Nephrologist (defined as < 4 months 

prior to ESRD), and dietary consult pre-ESRD, a number of baseline CO-morbid 

conditions, laboratory values at study start including serum albumin, calcium, 

phosphate, total cholesterol, hematocrit, body mass index (BMI), baseline mean 

arterial pressure (two-thirds of DBP, plus one-third of SBP), calculated from the 

average of three blood pressure readings taken post-dialysis at study start, 

dialysis modality (PD or HD), and a nurnber of medications in use at the time of 

study start, including ACE inhibitors, calcium channel blockers, diuretics, 

erythropoietin, HMG Co A reductase inhibitors, non-steroidal anti-infiammatory 

agents (NSAIDS), and vitamin D. 

As the Ievel of RRF at the start of ESRD varies for each patient and was 

expected to be associated with subsequent loss of RRF, we adjusted for baseline 

differences using the MDRD formula, as discussed above. 

Analyses were adjusted for time from study start to follow-up as it also varied for 

each patient and was expected to be associated with loss of RRF. 



Demographics 

Table 2: List of covariates and baseline descriptive statistics for total study 
population, HD only and PD only reported as rnean (SD) or percent 

Variable 

1 1 1 

Race, % white 1 62.6 1 56.7 1 68.6 

Mean age, (years) 

Total N=1843 

Cause of ESRD (% of total population) 

57.8 (1 5.0) 

HD N=811 

I 

PD N=1032 

60.9 (14.7) 

48.8 Gender, % female 

L 

Diabetes 

55.5 (1 4.6) 

47.5 47.2 

Hypertension 

44.5 

Glomerulonephritis 

Co-morbid conditions ( % yes) 

25.0 

Other causes 

1 1 I 

Diabetes (history of andfor nephropathy) 1 51.4 1 54.6 1 49.0 

1 

9.1 

46.7 

27.6 

21 .O 

43 -6 

22.9 

6.8 

Coronary artery disease (history of) a 

1 I I 

Congestive heart failure ( history of) 1 32.7 1 39.2 1 27.6 

10.9 

18.1 

Peripheral vascular disease ( history of) 

22.6 

39.0 

Laboratory Values, means (SD) ( at day 60) 

20.4 

Left ventricular hypertrophy (history of) 

41 -6 33.3 

23.1 

18.7 

Albumin gfdl 

18.2 

Calcium mg/dl 

21 -9 

3.5 (0.5) 

16.2 

8.7 (1 .O) 
I 

L 

Hematocrit % 

3.5 (0.5) 

5.5 (1.9) Phosphate mgfdl 

Total Cholesterol mg/dl 

3.5 (0.5) 

8.7 (1 .O) 

5.5 (1 -7) 5.5 ( 1.8) 

30.8(6.1) 

Estirnated GFR at E SRD onset (mlfmin) 

8.7 (1 -1) 

197.1 (51.6) 

Body Mass Index 

29.8 (5.7) 

7.4 (2.7) 

Mean Arterial Pressure (mmHg) 

Late referral (< 4months pre ESRD) (% of total) 

3 1.6 (6.4) 
I 

26.2 (6.0) 

181 .O (47.9) 

7.33 (2.8) 

100.6 (12.8) 

56.1 

208.4 (63.24) 

7.5 (2.7) 

26.2 (6.4) 26.2 (5.7) 

98.4 (13.2) 

59.8 

102.2 (1 2.4) 

52.7 



Dietary Consult pre ESRD (% of total) 

Months from onset ESRD to follow-up RRF 
1 

Dialysis modality 

Peritoneal Dialysis (% of al1 dialysis) 

Continuous Ambulatory Peritonea! Dialysis 

1 (% of ail PD patients) 

DiaIyzer membrane, (% biocornpatibie) 

1 Medications at baseline (day 60) (%of t o t a Ï r  

population) 
- 

Any antihypertensive 
I 

Angiotensin converting enzyme inhibitors I 
Calcium channel blockers 

Diuretics 

I 

Vitamin D analogues 

1 HMG CoA reductase inhibitors 1 

I l 1 
a lncludes a history of coronary heart disease or coronary artery disease, coronary artery I 

surgery. angioplasty, or abnormal angiogram. 

lncludes histones of peripheral vascular disease, amputation. absent pulses or claudication. 

lncludes substituted celluiose and synthetic membranes 



4.6.3 Multiple Logistic Regression Analysis 

Multiple logistic regression analysis can be used for several purposes [53: 

To verify the association between a single explanatory variable and the 

response variable when controlling for one or more other explanatory 

variables. If the explanatory variable continues to be highly associated with 

the response variable when included in the rnodel with other explanatory 

variables, it is likely to be an important independent predictor of the response 

variable. If its association is strengthened or weakened as a result of its 

relationship with another variable or variables, these relationships can be 

investigated 

To reduce a large number of variables to a %est" subset of variables of 

manageable size. Large clinical registries or administrative databases may 

contain data for hundreds of explanatory variables. lnstead of testing the 

association between each explanatory variable and the response variable 

separately, variable-selection techniques can be used to reduce the number 

of variables included in the final regression rnodel by identifying those that 

meet specified statistical thresholds. Clinicians, however, must still identify 

that the clinically important variables are included in the model. 

To quantify the risk associated with individual explanatory variables. In 

the study of risk factors, it is sometimes useful to determine the change in risk 

associated with an incremental change in an explanatory variable, such as 



the change in risk of stroke for every 20-mmHg decrease in systolic blood 

pressure. In this application, the regression coefficients are converted to 

odds ratios. 

The "model building" of regression analysis is a process of selecting the best 

combination of explanatory variables to predict the response variable. One of the 

first steps in building a regression mode[ is to identify the explanatory variables 

that are significantly related to the response variable. Several dozens of 

variables may be considered one at a time in this process of univariate analysis. 

Those values identified as significant by the univariate analysiç are considered 

for inclusion in the model [5]. 

A logistic regression model, adjusted only for estimated baseline GFR and time 

to follow-up, was performed for each covariate to determine if any of these 

covariates were associated with loss of RRF ("adjusted" univariate analyses). 

Variables whose coefficients were significant at 0.05 (Le. p 10.05) were included 

in the multivariate anaiysis to determine if these baseline variables were related 

to loss of RRF. Similar analyses were performed looking at predictors of RRF 

loss in HD and PD populations separately. In the HD only analysis, the effect of 

membrane type (modified cellulose and synthetic membranes compared to 

unmodified cellulose membranes) was also evaluated. In the analysis limited to 

PD, the effect of type of PD (APD or CAPD) was evaluated. The results of these 

analyses are listed in Table 3. After those specific analyses, other explanatory 



analyses were performed in an attempt to better understand the association of 

certain predictor variables with l o s  of RRF. The analyses are outlined in the 

rnethodology section in Chapter 5. 



Tabie 3: Adjusted odds ratio for RRF loss 

Overall N=l843 PD only N=1032 HD only N=811 

Variable ( reference) AOR P value AOR Pvalue AOR P value AOR P value 

A djusting Variables 

Time to Follow-up (per month) 

Estimated GFR at ESRD onset 

(ml/min) 

Demographics 

Age (per 10 years) 

Fernale (vs Male) 

Nonwhite race (vs White) 

Cause of ESRD 

Glomerulonephritis (ref) 

Diabetes 

Hypertension 

Other causes 

Pre-ESRD Care 

Late ReferraI (4 rno pre ESRD) 

Dietary Consult 

Co-morbid factors 

Diabetes 

Coronary Artery Disease 

Cerebrovascular Disease 

Congestive Heart Failure 

Peripherai vascular Disease 

Lei? Ventricular Hypertrophy 

MAP (per 10 rnrnHg) 

Body M a s  Index (per kg/m2) 

Laboratory Values 

Semm albumin (per gmldl) 

Blood hematocrit (per %) 

Serum Calcium (per mgldl) 



Phosphate (per mgfdl) 

Total Cholesterol (per 1 O mgfdl) 

Treatment parameters 

PD (vs HD) 

Prelpost dialysis della MAP (HD) 

ACE inhibitor (vs no) 

Calcium Channel Ülocker (vs no) 

Oiuretics (vs no) 

€PO ( vs no) 

HMG CoA Reductase II (vs no) 

NSAIDS (vs no) 

Vitamin O (vs no) 

ncluded in PD only analysis 

APD (vs CAPD) 

ncluded in HD only analysis 

Biocornpatible Membrane (vs 

2ellulose) 

- not included in the analysis 

NA not applicable to the analysis 

' adjusted for time to follow-up and 

estirnated GFR at ESRD onset 

only 

adjusted for al1 covariates 

significant in univariate analysis 
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5.1 Introduction 

In recent years, there has been a greater focus on residual renal function (RRF) 

of patients on chronic dialysis therapy. Although RRF is often used to indicate 

remaining glomerular filtration rate (GFR), it also reflects remaining endocrine 

functions such as erythropoietin production [Il, calcium, phosphorus and vitamin 

D homeostasis [2, 31, volume control, and removal of "middle moIecuIes" or low 

molecutar weight proteins [4, 53. Residual renal function is clinically important as 

it can account for major differences in dialysis requirernents since it contributes to 

measures of adequacy, both K W  urea and creatinine clearance (CrCI) [6-7J. 

Residual renal function has also been shown to be associated with mortality. 

Analysis of the CANUSA study [8] has shown that every 0.5ml/min higher GFR 

was associated with a 9% lower risk of death (RR= 0.91) [9]. It has been shown 

that clinically important and statisticaIly significant decreases in nutritional 

parameters occur with RRF loss [8]. Furthermore, it has also been demonstrated 

that smail increments in RRF may account for major differences in quality of Iife 

[ I O ,  II]. It is therefore vitally important to determine and understand the 

predictors of loss of residual renal function in the dialysis patient. 



The importance of identifying factors that protect and preserve RRF has been 

recognized among patients with chronic rend failure, pre-end stage renal 

disease (ESRD). Control of blood pressure, ACE inhibition, decreasing 

proteinuria, dietary modification, avoidance of nephrotoxins, and glucose control 

have al1 been considered as integral parts of the pre ESRD nephrology care [12]. 

However few studies have comprehensively evaluated whether these or other 

factors are important in preserving RRF after initiation of dialysis. Aiso on a 

clinical level, evaluating and monitoring factors that preserve RRF in patients 

who have just started on dialysis has not received the same level of care as 

among the chronic renal failure population. 

Several authors have observed that preservation of RRF is prolonged with 

peritoneal dialysis (PD) cornpared to hemodialysis (HD) [13-151. Cthers have 

noted a more rapid decline in RRF among patients on automated PD compared 

to continuous ambulatory PD (CAPD) [16]. For HD patients, there has been 

debate in the literature as to wkether the type of dialyzer membrane has an effect 

on RRF. Some have suggested that biocompatible membranes preserve RRF 

for a longer tirne period, [17-191. Cause of ESRD, level of blood pressure and 

various medications have al1 been implicated as having an effect on RRF [12, 20, 

211. However, these studies have methodological limitations including small 

sarnple size with inadequate statistical power, retrospective design and lack of 

inclusion of al1 known predictor variables and other modifying factors- 



Since Our knowledge of the factors that preserve RRF in ESRD is limited, we 

undertook a study to determine the predictors of RRF loss in a national sample of 

incident patients initiating ESRD treatment with dialysis. We used a large patient 

population, controlled for baseline variables and inciuded major potential 

predictors. An epidemiological study of this type can help generate hypotheses 

regarding modifiable factors associated with Ioss of RRF, and these factors can 

subsequently be tested in interventional studies or confirmed in other 

epiderniological studies. 

5.2 METHODS 

5.2.1 Data Source 

The Dialysis Morbidity and Mortality Study (DMMS) is a USRDS special study, 

including over 20,000 randomly selected dialysis patients. The study includes 4 

"waves" of data collection over 3 years. A standard core of data was collected 

for al1 patients included in the DMMS study, to address research questions that 

require a larger sample size. The data used in these analyses were from the 

USRDS DMMS Wave 2. Wave 2 was a prospective study of incident 

hernodialysis and peritoneal dialysis patients (Medicare and non-Medicare) who 

initiated ESRD in 1996 and early 1997. Peritoneal dialysis patients were 

oversampled by a factor of 5 to result in comparable numbers of PD and HD 

patients. Wave 2 focused on PD prescription and delivery, PD and HD selection 

and outcomes, residual renal function, quality of Iife, pre ESRD care, and 



medication use. The dialysis units included in Wave 2 were a random selection 

of 25% of the dialysis units in the US. listed on the Master List of Dialysis 

Facilities as of December 31, 1993 with addition of al1 new dialysis units opened 

during 1994. Modality type was identified on day 60 of ESRD. Patients treated 

with PD or HD on this date (day 60) were eligible. The modality assignment for 

patients who were on hemodialysis but who were training for PD on day 60 was 

deferred for 10 days. The study start date was considered the date that the 

modality type was identified (about day 60 of ESRD). 

Patient-specific data were collected at the time of enrolment (study start) and 

was completed on over 4000 patients in Wave 2. Data were collected by means 

of a medical questionnaire, completed by dialysis facility personnel as well as a 

questionnaire completed by the patient. Questionnaires included patient-specific 

data such as demographics, prior medical history, laboratory results, dialysis 

prescription and dialysis delivery, data on vascular access, RRF, medications, 

pre-ESRD care and quality of life. 

FoIlow-up data collection was completed 8 - 18 months after the initial data 

collection. The follow-up patient questionnaire included information on change in 

health status or treatment modality and questions related to vascular access. 

Data on estirnated urine volume was collected and was reported as a 

dichotomous variable, less than or greater than 200m1124 hours. For patients 

with estimated urine volume greater than 200m1124 hours, timed urine collection 



data (urine volume, creatinine and urea concentration) were collected on a 

voluntary basis (at the dialysis facilities' discretion). Patients with estirnated urine 

output of less than 200mV24 hours were considered to have lost their RRF and 

no further timed urines were coNected. Personnel at each dialysis unit completed 

the follow-up questionnaire by rnedical abstraction. Personnel were also 

instructed to obtain information directly from the patient. Copies of the 

questionnaires used for the DMMS Wave 2 are found in Appendices 3A and 38. 

5.2.2 Analytical rnethods 

Patients frorn USRDS DMMS Wave 2 study were included in these current 

analyses if they had a follow-up form completed and if, at the time of follow-up, 

they were known to be alive, on PD or HD and dialyzing in the sarne facility as at 

baseline. Patients were excluded if at the time of follow-up data collection, they 

had died (N=495), had return of renal function (N=41), had transferred to an 

alternate dialysis facility (N=234), had received a transplant (N=169), were age < 

18 or of unknown age (N=60), or if vital status was unknown (N=80). Patients 

with implausible or inaccurate critical data were also exciuded (N=426). 

We operationally defined Our outcome (dependent) variable, loss of RRF, as 

estimated urine output c 200mV24 hours at the tirne of follow-up (8 - 18 months 

initiation of dialysis). The published association between urine volume and renal 

clearance supports this definition [4, 221. 



We selected 33 baseline variables for evaluation as possible independent 

predictors of RRF loss as shown in Table 2. These included age, gender, race, 

etiology of ESRD (diabetes, HT, GN, other), data on pre-ESRD care including 

late referral to a nephrologist (defined as less than 4 months prior to ESRD) and 

dietary consult pre-ESRD, a number of baseline comorbid conditions, laboratory 

values a i  study start including serum albumin, calcium, phosphate, total 

cholesterol, hernatocrit, body mass index (BMI), baseline mean artenal pressure 

(Z3DBP + 1/3 SBP) calculated from the average of 3 blood pressure readings 

taken post dialysis at study start, dialysis modality (PD or HD), and a number of 

medications in use at the time of study start including ACE inhibitors, calcium 

channel blockers, diureticç, erythropoietin, HMG Co A reductase inhibitors, non- 

steroidal anti-inflammatory agents (NSAIDS) and vitamin D. As the level of RRF 

at the start of ESRD varies for each patient and was expected to be associated 

with subsequent loss of RRF, it was important to adjust for such baseline 

differences. Baseline data on urine volume were not collected. It was assumed 

that most patients would have some baseline RRF, as this was a study of 

incident dialysis patients with chronic renal failure. However, data necessary to 

calculate an estimated glomerular filtration rate (GFR) at ESRD onset were 

available and the analyses were therefore adjusted for this. Baseline GFR, 

corrected for body surface area, was estimated using the MDRD formula, which 

includes serum creatinine (taken prior to initiation of dialysis), age, gender, race, 

serum BUN and albumin [23]. This formula was developed and validated from 

data on 1628 patients with decreased GFR (average 125 1-iothalamate clearance 



= 39.9mllminJ1 .73m2) in the MDRD study. This formula, however, has not been 

validated in patients with ESRD on dialysis. Analyses were adjusted for time 

from study start to follow-up as it also varied for each patient and was expected 

to be associated with loss of RRF. 

Missing values for numerical variables were set to the mean for the overall group 

with the exception of estimated GFR at ESRD onset, which was set to the mean 

by race and gender. We adjusted for these two factors because GFR is known 

to differ for these factors. For comorbid conditions, missing values were 

considered to indicate absence of the condition. 

A logistic regression model, adjusted only for estimated baseline GFR and time 

to follow-up, was performed for each covariate to determine if any of these 

covariates were associated with loss of RRF ("adjusted" univariate analyses). 

Variables with "adjusted" univariate associations at p 5 0.05 significance level 

were included in the multivariate analysis to determine if these baseline variables 

were independently predictive of loss of RRF. Additional analyses were 

performed Iooking at predictors of RRF loss in HD and PD populations 

separately. In the HD only analysis, the effect of membrane type (modified 

cellulose and synthetic membranes compared to unmodified cellulose 

membranes) was also evaluated. In the analysis limited to PD, the effect of type 

of PD (APD or CAPD) was evaluated. Additional analyses, including other 



explanatory variables, were performed as appropriate in an attempt to better 

understand the association of certain predictor variables with loss of RRF. 

5.3 Results 

There were 221 1 patients eligible for the study. Data on the outcome variable, 

urine volume was reported on 83% of patients at the time of follow-up leaving 

1843 patients for analysis in this study. Comparison of the baseline 

characteristics of the patients with and without urine volumes showed a 

statistically significant difference in the proportion of patients on PD, patients with 

late referral to dialysis and patients receiving EPO. Comparison of the groups 

with and without urine volumes recorded at follow-up revealed significant 

associations for two factors. Female patients (AOR=I -37; p=0.01) and patients 

treated with PD (AOR=2.13; p<0.001) were more likely to have data on urine 

volume reported on the follow-up forms. Comparison of the baseline 

characteristics of the patients with and without urine volumes showed a 

statistically significant difference in the proportion of patients on PD, patients with 

late referral to dialysis, and patients receiving EPO. 

The mean age of the patients was 57.8 years. Sixty three percent of patients 

were white, 47% were female, 51.4% reported a history of diabetes, and 44.5% 

reported diabetic nephropathy as the cause of ESRD. The average time from 

onset of ESRD to follow-up was 12 months. The mean GFR at ESRD onset was 

7.46rnllmin as estirnated by the MDRD formula [23]. The average post dialysis 



systolic blood pressure was 143 mmHg and the average diastolic BP was 78.9 

mmHg for a mean artenal pressure (MAP) of 100 mmHg. By study design 56% 

of the patients in the study sample were on PD and of those 70% were using 

CAPD and the rernainder were using a cycler (APD). Arnong hemodialysis 

patients 81.7% were using synthetic and semi-synthetic ("biocornpatible") 

membranes and the remainder were using unmodified cellulose membranes. 

The frequency of CO-morbid conditions and mean values for laboratory data at 

study start are shown in Table 1. 

The "adjusted" univariate odds ratio (AOR) for each covariate tested, adjusted 

only for estimated GFR at ESRD onset and time to follow-up, is shown in the first 

column of table 3. Using only the variables that were significant at pl. 0.05 in the 

"adjusted" univariate analysis, several covariates continued to be significantly 

associated with a loss of RRF in the multivariate model including femaIe gender 

(AOR = 1.45; p <0.001), non-white race (AOR = 1.57; P<0.001), prior history of 

DM (AOR = 1.82; p=0.006), and prior history of CHF (AOR = 1.32; p=0.03). As 

expected, the risk of loss of RRF was increased for longer time to follow-up (AOR 

= 1 .O6 per rnonth; p=0.03). Higher levels of estimated GFR at ESRD onset was 

of borderline significance in predicting a lower risk of RRF loss (AOR=0.97 per 

ml/min, p=0.07). Patients treated with PD had a 65% lower risk of RRF loss than 

those treated with HD (AOR = 0.35; p<O.OOi). Patients with a higher serurn 

calcium had a lower risk of RRF loss (AOR =0.8lper mg/dl; p=0.05). 

Interestingly, treatment with an ACE inhibitor (AOR 0.68:p<0.001) and treatment 



with a calcium channel blocker (AOR =0.77; p=0.01) were independently 

associated with decreased risk of RRF loss in this analysis which was controlled 

for baseline blood pressure. This relationship was present in patients with 

diabetes-related ESRD and as well as in patients with ESRD from al1 other 

causes. When ail 33 variables were added to the mode1 without consideration of 

the results from the univariate analysis the significant predictors of RRF were the 

same, 

Age, cause of ESRD, cornorbid factors other than history of diabetes and CHF, 

late referral, post dialysis MAP, and baseline BMI, serum albumin, hematocrit, 

phosphate, total cholesterol, and baseline use of diuretics, EPO, HMG CoA 

reductase inhibitors, vitamin D preparations or NSAIDS were not associated with 

RRF loss in the multivariate analysis. 

At follow-up 38% PD patients and 69% of HD patients had ioss of RRF defined 

as urine volumec 200m1/24 hours. We divided the follow-up time into three equal 

intervals and at each time interval HD patients were 3 tirnes more likely to have 

lost RRF as PD patients. 

In a separate analysis of PD patients only (N=1032), factors that were 

significantly associated with loss of RRF included female gender (AOR=I .42; 

p=0.02), non-white race (AOR=1.94; p<0.001), time to follow-up (AOR=I -1 1 per 

month; p=0.01), a history of DM (AOR=2.16; p=0.01), and a history of congestive 



heart failure (AOR=1.50; p=0.02). Treatrnent with an ACE inhibitor (AOR=0.69; 

p=0.02) or a calcium channel blocker (AOR=0.88; p=0.006) remained 

independently associated with lower risk of RRF loss. A higher baseline GFR 

was associated with a lower risk of RRF loss (AOR=0.94; p=0.04). Among PD 

patients there was no significant difference in RRF loss between APD and CAPD 

(AOR=0.96; p=0.96). 

In a separate, similar analysis of hemodialysis patients only (N=811), factors that 

were significantly associated with a lower risk of RRF included higher post 

dialysis MAP calculated at study start (day 60) (AOR=0.87 per 10 mmHg; 

p=0.04), higher pre-dialysis serum calcium (AOR=0.79 per rng/dl; p=0.01) and 

treatment with an HMG Co-A reductase inhibitor (AOR=0.56; p=0.03). The 

effects of gender, race and a prior history of CHF or diabetes were no longer 

statistically significant but the adjusted odds ratios were in the same direction as 

for the main and PD only models. Treatment with ACE inhibitors (AOR=0.71; 

p=0.06) and calcium channel blockers (AOR=0.69; p=0.12) were no longer 

significantly associated with a decreased risk of RRF loss but the AOR remained 

of the same magnitude as in the main and PD rnodels. There was no significant 

difference in RRF loss between biocornpati ble versus cellulose dialyzer 

membranes (AOR=0.84 biocompatible; p=0.42) however the numbers were small 

for use of unmodified cellulose dialyzers (19%). Use of hi-flux synthetic dialyzer 

membranes vs al1 other dialyzer membranes was also not significantly 

associated with RRF loss. 



Female gender predicted increased risk of RRF loss in the main model and the 

PD only model independent of differences in BMI, MAP, or albumin. In order to 

further explore this relationship between female gender and RRF loss we 

controlled for use of estrogen and for HDL cholesterol. Adjusting for use of 

estrogen did not change the relationship (AOR=I .67; pc0.001). We had data on 

HDL cholesterol on 280 patients. When controlling for HDL cholesterol the 

gender relationship was of similar magnitude but not significant, likely reflecting 

the decrease in power due to the srnaIl sample size (AOR=I -74; p=0.09). To 

determine if the relationship varied by menopause status we stratified the female 

population by two age categories, less than 50 years old or greater than or equal 

to 50 years old. The relationship was similar for the two age categories: age < 50 

years (AOR=I .46; p=0.03) and age 250 (AOR=I .45; p=0.003). 

Non-white race was found to be associated with loss of RRF in the overall and 

PD only models. To further understand this relationship blacks (27.3%) and 

other non-white race (Asians, North American Indians and others) (9.6 %) were 

analyzed as two separate groups in the main rnultivariate model. Both blacks 

(AOR=I .83; p=0.001) and other non-white race (AOR=I .53; p-0.04) were more 

Iikely to have RRF loss. We were unable to determine the specific relationship of 

Asian or North American Indian race and loss of RRF due to the limited number 

of patients in these race categories. Since one may speculate that non-whites 

may have greater risk of loss of RRF due to poorer pre-ESRD care, we further 



explored the role of late referral to a nephrologist (< 4 months pre ESRD) and the 

occurrence of a dietary consult pre-ESRD. Controlling for these interventions did 

not alter the relationships. 

Higher serum calcium was predictive of Iess RRF loss. Although there was a 

trend to greater loss of RRF with higher serum phosphate in the univariate 

analysis (RR=I -05; p=0.07), it was not an independent predictor when included 

in an additional multivariate model. To further understand the relationship of 

calcium and phosphate and RRF loss we also explored the role of the calcium 

phosphate product, PTH levels, use of phosphate binders and vitamin D use in 

univariate and multivariate models. These covariates were not significant 

predictors of RRF loss and their addition to the multivariate model did not change 

the previously identified relationships with RRF. 

To further clariv the role of blood pressure we used post dialysis MAP and the 

pre to post dialysis change in MAP both as univariate predictors and in the full 

model. Neither was significantly predictive of RRF loss. As there is debate in the 

literature as to which BP measurement to use, we also analyred post dialysis 

SBP and DBP and the relationship with RRF did not change. In order to examine 

RRF loss and different levels of MAP as a categorical variable cornpared to a 

continuous variable, we divided the MAP into quintiles using the middle range as 

the reference group. At no level did mean arterial pressure predict RRF loss and 

there was no suggestion of a J-shaped relationship. 



5.4 Discussion 

Accurate measurement and monitoring of RRF in ESRD patients rernains a 

challenge as we approach the twenty-first century. Glomerular filtration rate 

(GFR) measured by isotope clearance is considered to be the standard measure 

of renal function. Other tests, such as serum creatinine, creatinine clearance 

(CrClt), urea clearance (Cure,), an average of the CrClt and the C,,,, and urine 

volume (UV) have been used to assess RRF in chronic renal failure [24]. An 

average of the CrCl and the Cu,, is commonly recommended in ESRD [25,26]. 

In the DMMS Wave 2, tirned urine collection was requested both at baseline and 

followup, if patients had an estimated urine out-put >200 ml (or approxirnately 

one cup) per day. The estimated GFR was then calculated using the average of 

the creatinine and urea clearance. Unfortunately data necessary for this 

calculation was available for less than 5% of HD patients and 30% of PD patients 

at baseline and fewer patients a i  follow-up. These data are unlikely to be 

representative of RRF in the ESRD population given the iow rate of reporting and 

therefore could not be used for our measure of RRF loss. 

We therefore defined Ioss of RRF as estimated urine volume < 200mV24 hours. 

ln spite of its shortcornings UV has been correiated to GFR in previous studies. 

Milutinovic et al compared urine volume to inulin clearance in 38 patients on HD 

with GFR <5rnl/minute [4]. Using Milutinovic's data we calculated a correlation 



coefficient for urine volume and inulin clearance and found an r-value of 0.71 

(p=0.001). This compares to a correlation coefficient of 0.94 for correlating inulin 

clearance to the average of creatinine and urea clearance from the same data 

set. Van Olden also showed that urinary volume, in the interdialytic interval, is 

directly related to changes in GFR [22]. 

Among patients in our dataset for whorn an estimated GFR could be calculated 

using the average of the creatinine and urea clearance, the correlation coefficient 

for the association between urine volume and the average of the creatinine and 

urea clearance was r=0.57 at baseline and r=0.49 at follow-up. 

These analyses and prior data support the use of urine volume as a useful 

measure of RRF. Despite the imprecision of this measure the advantage of 

potentially developing hypotheses regarding factors predictive of RRF loss frorn a 

large data set were felt to outweigh the limitations of using this rneasure as the 

outcome variable. It is interesting to note that patients were more Iikely to have 

the outcorne variable, urine volume, reported if they were on PD or if they were 

fernale. It has been recognized that RRF is important in PD due to its 

contribution to small solute clearance and more attention may be paid to 

monitoring RRF in this population. The reason for the gender difference is not 

clear. Cornparison of the baseline characteristics of the patients with and without 

urine volumes showed more patients on PD in the group reporting urine volumes 

again explained by the contribution of RRF to dialysis dose. A greater proportion 



of patients was classified as late referrals and were treated with EPO in the 

group not reporting urine volumes. This is due to higher proportion of HD 

patients in this group. Late referrals are usually started on HD and more HD 

patients receive €PO. 

Follow-up data forms were completed after a mean of 12 months from the 

initiation of dialysis, with a range of 8 - 18 monthç. Severai papers on the 

progression of chronic renal disease have reported the deciine in renal function is 

either linear or exponential 112, 271. Thus it was assumed that longer follow-up 

and lower levels of renal function at start of ESRD would be associated with a 

greater likelihood of loss of RRF. It was therefore necessary to control for these 

factors when evaluating the effect of other potential predictors. Duration of time 

on diaiysis was indeed a significant predictor of RRF loss in the overafl 

population and among the PD population but interestingly, not among the HD 

population. Among the PD patients, there was an increasing risk of loss of RRF 

over time suggesting time on dialysis to be an important variable. Likewise, 

higher estimated GFR at ESRD initiation was associated with lower risk of loss of 

RRF at follow-up arnong PD treated patients but not among HD treated patients. 

lncreasing age was not associated with RRF loss. This is consistent with data 

from the MDRD study 1121 where age was not an independent predictor of 

progression of renal disease arnong patients with CRF. Female gender 

independently predicted RRF loss in the overall analysis and in the analysis 



limited to PD patients. This gender effect could not be explained by differences 

in BMI, MAP, albumin, estrogen use, or rnenopausal status as the effect 

remained despite controlling for these variables. As rnentioned, females were 

more likely to have data on urine volume reported on the follow-up form. It is 

unclear how this may have influenced Our results. This gender effect is 

contradictory to previous studies that showed a slower rate of progression of 

RRF in females with CRF 128-311. Data from the MDRD study indicated a slower 

mean GFR decline in women compared to men with chronic renal failure. 

However gender differences were reduced and no longer significant after 

controlling for baseline proteinuria, MAP and HDL cholesterol [12]. 

Non-white race was associated with RRF loss in the overall analysis, however 

this effect was found to be limited to PD patients only. This was true of both 

blacks and the category "other non-white race". These relationships were 

independent of cause of ESRD, MAP at dialysis initiation and also could not be 

explained by reported differences in pre-ESRD care. Blacks are known to have a 

faster rate of progression of renal failure in the CRF population [12, 321. This 

analysis suggests that, at least among PD treated patients, this race effect may 

persist after ESRD initiation. 

The presence of diabetes predicted RRF loss particularly in the PD population. 

Diabetic patients with hypertension and proteinuria have been shown to have an 

increased rate of loss of renal function in the CRF population. A history of 



congestive heart failure also was predictive of RRF loss, likely due to decreased 

blood flow to the cornpromised kidney. 

Higher serum calcium was significantly associated with a lower risk of RRF loss 

in the total analysis and in the HD population. The magnitude of risk was less 

and was not significant among the PD population. The mean serum calcium was 

not different between the two populations. Although these relationships did not 

change with adjustment of several other retated covariates, this observation 

would be consistent with the hypothesis that increased calcium and frequently 

concurrent lower phosphate levels rnay contribute to fess RRF loss. This may 

provide further support for the necessity of good phosphate control in the ESRD 

population. 

The present study confirms earlier observations that patients receiving treatment 

with PD had a reduced risk of RRF loss when compared to HD treated patients 

[13-151. In this study we controlled for possible risk CO-factors of age, gender, co- 

morbid conditions, hypertension, medications, and level of estimated GFR at the 

start of ESRD and still found a significant difference in RRF loss between the HD 

and PD populations. It has been hypothesized that inflammatory mediators 

generated by the extracorporeal circulation, rapid intravascular contraction 

inherent in HD, lower preglomerular arterial pressure and lower protein intake 

among PD patients may explain these findings. Patients treated with PD were 



significantly more likely to have urine volume reported on the follow-up forms. It 

is unclear how this may have influenced the resuIts. 

Several comparative studies of PD and HD mortality have shown that the relative 

mortality risk favors PD to the greatest degree early after ESRD start and the 

relative mortality risk increases for PD with time on dialysis (33-36). One reason 

that PD may offer this early advantage may be the greater presewation of RRF. 

Higher post dialysis mean arterial pressure at baseline significantly correlated 

with a lower risk of RRF loss in the HD only population but was an insignificant 

predictor in the total and PD only analysis. We speculated that this relationship 

was likely driven by an increased risk of RRF loss associated with low blood 

pressure, resulting from post dialysis intravascular volume depletion due to 

excessive fluid removal. However, the relationship did not change adjusting for 

intradialytic weight loss. Accurate data on volume status which would allow 

further exploration of this hypothesis were not available in this epiderniologic 

study. Several studies have observed a relationship of higher mortality with low 

pre-dialysis blood pressure [38-401. A similar phenomenon may exist for RRF. 

Several interesting results of Our study were related to medication use. We 

observed an independent lowering of risk of RRF loss among ESRD patients 

being treated with ACE inhibitors and/or calcium channel blockers. The effect of 

ACE inhibition and calcium channel blockers, which was adjusted for MAP, was 



significant in the total and PD only analyses but was not significant in the HD 

population although the magnitude and direction of risk were in general sirnilar to 

the main model. 3-hydroxyl-3-methylglutaryl coenzyme A (HMG CoA) reductase 

inhibitors were significantly predictive of a reduction in RRF loss in the HD only 

analysis. 

Among patients with chronic renal failure there is considerable evidence that 

ACE inhibitors 141,421 and perhaps calcium channel blockers (43,44) preserve 

renal function, independent of blood pressure. The data from this study would 

suggest that the benefit of slowing progression of RRF loss might be a continuum 

even when on dialysis. This association was present in ESRD due to diabetes 

as weil as ESRD due to other causes. 

Baseline treatment with HMG CoA reductase inhibitors was associated with a 

44% lower risk of loss of RRF among HD patients. Treatment with a HMG CoA 

reductase inhibitor may also have some renoprotective effects, independent of its 

lipid lowering effect, by directly inhibiting mesangial ce11 proliferation and 

production of monocyte chemoattractants [45]. The question of whether lipids or 

lipid lowering agents have an effect on RRF loss is important and deserves 

further exploration. 

It has been suggested that exposure to automated PD (use of a cycler) hastens 

RRF loss when compared to CAPD [16]. It is hypothesized that the acute 



changes in volume status and osmotic load induced at each nightly peritoneal 

dialysis session could potentially accelerate deterioration of residual renal 

function. However in our study we did not observe a significant difference in loss 

of RRF by PD modality type. This area deserves further research, as automated 

PD is becoming a more utilized form of therapy. 

Previous studies have shown that use of cellulose dialyzer membranes among 

HD patients hastens RRF loss [17-191 due to blood and cellulose dialysis 

membrane interactions which may induce potentially nephrotoxic infiammatory 

mediators [37]. We did not observe a significant difference in loss of RRF when 

we compared cellulose membranes to those generally more biocompatible 

membranes. However, the proportion of patients using cellulose membranes 

was small (19%) and Our sample size may have been too small to detect a 

difference. Comparing PD patients to HD patients using biocompatible 

membranes revealed that PD patients were still significantly less likely to lose 

RRF than were HD patients. 

Four hundred and ninety-five patients died prior to follow-up. We were unable to 

associate mortality with loss of RRF due to lack of data on RRF at the time of 

death. 

Preservation of RRF is an important goal. In addition to identifying demographic 

groups at risk, this study has identified several potentially modifiable factors 



(calcium, MAP) and therapies (dialysis rnodality, ACE inhibitors, calcium channel 

blockers, and HMG CoA reductase inhibitors,) that were associated with 

decreased loss of RRF in a national random sample of patients initiating dialysis 

in the United States. There appear to be substantial differences in both the 

actual loss of RRF and the contributing risk factors between PD and HD patients. 

These analyses are lirnited by the use of estimated UV < 200 ml124 hours as a 

measure of loss of RRF. However several of the significant associations with 

RRF loss have generated testable hypotheses regarding potential therapies, 

which may preserve RRF among ESRD patients. Additional prospective studies, 

ideally clinical trials, are necessary to determine if these possible interventions 

are efficacious. 
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CHAPTER 6: LIMITATIONS OF THE STUDY PREDICTORS OF LOSS OF 

RESIDUAL RENAL FUNCTION AMONG DlALYSIS PATIENTS 

6.1 Data 

The data for this study was collected prospectively however it was analyzed 

retrospectively. Facility personnel abstracted the core set of data questions for 

each patient from the dialysis record. The personnel were trained for data 

abstraction, however they were neither nurses nor physicians. Cause of ESRD and 

co-morbid conditions were defined by categories, however there was no system 

check in place to ensure it was coded correctty. Laboratory parameters were 

reviewed by the USRDS study center at the time of data entry to ensure they fell in 

a certain range but each value was not checked and it is possible that there my 

have been some clerical errors. 

The hypothesis generation, baseline variables and end-point measurements 

were Iimited by the data available in the database. Parameters known to affect 

RRF in the chronic renal failure population were used to develop the model. Rate 

of peritonitis, use of certain medications including aminoglycosides and contrast 

agents are thought to be contributors to loss of RRF in the ESRD patient. 

Unfortunately, data were not available on several of these parameters and were not 

included in the analyses. The presence or absence of these parameters may have 

affected the overall results. 



The limitations of the data regarding rneasurement of RRF have previously been 

discussed. There was no measurement of urine volume at the study start. An 

assumption was made that patients with CRF would have some RRF remaining at 

the start of dialysis. Similarly, the definition of the end point was lirnited by the 

available data. Urine volume, > or I 200mV24 hour was requested at follow-up. 

This was not reported on 1,843 patients. Patients in whorn reporting was not done 

were more likely to be females or on peritoneal dialysis. This may have affected 

the analysis. Patients on PD are more likely to collect urine volume to determine 

the contribution of RRF to clearance. There was no explanation as to why females 

had more reporting of urine volume than had males. 

Four hundred and ninety-five patients died during the year of follow-up. The role 

of RRF and mortality could not be explored, as there was no rneasure of RRF at 

the time of the death of these patients. 

6.2 Analysis 

In both the univariate and rnultivariate analysis, PD versus HD was the rnost 

signifiant predictor of loss of RRF (AOR = 0.36; p 0.001). The significant 

variables from the adjusted univariate analysis were included in the multiple 

regression analysis. Separate univariate analyses on each of the separate 

populations (PD and HD) were not performed. It is possible that different variables 

could have been identified in the separate analyses for inclusion in the multivariate 

analyses. 



A variable with a p value of 5 0.05 was considered to be significant in the 

adjusted univariate analysis and those variables were included in the multivariate 

analysis. This is a conservative estimate of significance and clinically significânt 

variables may have been excluded from the model [?]. The p value was not 

adjusted for multiple testing. 

Residuals are the difference between an observed value of the response variable 

and the value predicted by the model [2]. Residual plots show the deviation from 

the expected value for each x value in the model. The residuals were not plotted 

for this model. 

An epiderniologicai study based on a large population database was undertaken to 

look at predictors of loss of RRF arnong patients on dialysis. Several modifiable 

parameters were associated with RRF loss. Additional prospective observational 

studies, ideally clinical trials, will be necessary to determine if these interventions 

are efficacious in preserving RRF and perhaps improving patient morbidity, 

mortality, and quality of Iife. 
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CHAPTER 7: FUTURE DIRECTIONS 

7.1 introduction 

Residual renal function contributes to dialysis dose, fluid and electrolyte balance, 

anemia control, calcium and phosphate balance, and clearance of small, middle 

and large rnolecular weight molecules. RRF is also likely an important contributor 

to patient morbidity, quality of life, and mortality. Potential therapies that may 

preserve RRF among ESRD patients have now been identified. 

7.2 Measurement of Residual Renal Function 

The lack of a suitable measure of residual GFR in ESRD has blurred the 

understanding of the remnant kidney function. Factors that preserve the RRF 

cannot be investigated until there is an accurate, precise, and'practical measure of 

RRF. Inulin is considered to be the gold standard for GFR measurement, as 

discussed in Chapter 3. The GFR method used at London health Science Centre- 

Victoria Campus (LHSC-VC) is 99m Tc-DTPA. This measure of GFR has been 

wmpared to inulin in patients with chronic renal failure and in patients on dialysis 

[A  1 21- 

A study has been developed and implernented looking at the meaçurernent of RRF 

among the local dialysis population at LHSC-VC. This study was submitted and 

approved by the Department of Medicine for research funding and has received 

University of Western Ontario Human Ethics approval. The study proposal is 

attached in Appendix 4 and the human ethics approval is attached in Appendix 5. 



7.3 Progress to Date 

The target enrolment is 60 patients and 20 patients have currently completed a 

DTPA GFR study and 24-hour urine collections. This study should confimi that 24- 

hour clearance of urea and creatinine is an accurate measure of RRF among 

patients on dialysis at LHSC. 

7.4 lntenrention Studies 

The epidemiological study, Predictors of Loss of Residual Renal Function among 

New Dialysis Patients, identified that PD and use of AC€ inhibitors had the 

greatest impact on preservation of RRF. PD patients rnaintained their RRF for a 

longer period of time than did HD patients and for this reason PD patients rnay 

be the better group to study. ACE inhibition had the largest effect on the RRF in 

this population and would be a reasonable therapeutic intervention to study. 

The next step in the investigation of the factors that preserve RRF in the ESRD 

population would be a multi-center, double-blind, placebo-controlled study 

examining the effect of ACE inhibition therapy on preservation of RRF among the 

PD population. The issues in developing this proposal are discussed below. 

7.4.1 Hypothesis 

Primary: The use of ACE inhibitors in the PD population will slow the progression 

of RRF loss. 



Secondary: The maintenance of RRF will improve technique survival and 

decrease patient morbidity and rnortality. 

7.4.2 Population 

Only 32.4% of dialysis patients are on PD in Canada [3]. The study would, 

therefore, require multiple centers in order to recruit the necessary number of 

patients. Residual renal function declines with time so it would be best to study 

incident patients only. This woutd further Iimit the patient enrolment. If prevalent 

patients were included, adjustment for time on dialysis would have to be made and 

important events such as rate of peritonitis or use of aminoglycosides and contrast 

dye rnay not be documented. 

7.4.3 Methodology 

Baseline parameters thought to be important in RRF loss would need to be 

identified and measured at the start of the study. These would include CO-morbid 

conditions such as diabetes, coronary artery disease and peripheral vascular 

disease. Ideally, baseline co-morbid scales would be recorded for each patient 

rather than the just the presence of the co-morbid condition. 

The intervention would be the use of ACE inhibitors versus placebo. ACE inhibitors 

are known to have an effect on left ventricular function, blood pressure, and 

progression of chronic renal failure [4]. Blood pressure would have to be controlled 



to a similar level in both groups. Left ventricular function would need to be 

measured by echocardiogram at the study start as a baseline variable. Patients 

with echocardiograms showing a left ventricular ejection fraction less than 30% rnay 

also need to be excluded as ACE inhibition would traditionally be offered to this 

group and some investigators rnay consider it unethical to randomize this patient 

population. 

Twenty-seven percent of ESRD patients were on ACE inhibitors at the start of 

dialysis in 1996 in the USRD population. The indications for use of ACE inhibition 

in this group would need to be reviewed and it is likely that this population rnay 

need to be exctuded from the study. 

Patients on PD often require switching to HD due to technique failure. The 

technique survival at five years ranges from 55 to 72% [5]. The switch from PD to 

HD rnay influence the RRF loss. It rnay be best to anaiyze the data both as 

intention to treat and "as treated" which censors patients who switched dialysis type 

at the time of therapy change. 

7.4.4 End Point 

The loss of RRF in the PD population is a function of tirne. The issue would be 

whether to use a dichotomous end point, such as CrCI c 1.0 ml/min. at two years, 

or to do a rate of change of CrCl over time. Significant information is lost using the 

dichotornous variable, so rate of change in CrCl over time rnay be the more 



suitable, although more time-consuming and expensive, endpoint. The use of rate 

of change of CrCl would record changes in the RRF associated with certain events. 

CrCl measurement. using an average of creatinine and urea clearance frorn a 24- 

hour urine, would be done every three months for two years. 

Secondary end-points would be rnorbidity. as measured by rate of hospitalization, 

and rnortality. 

7.5 Summary 

ACE inhibition has the potential to decrease RRF loss and therefore improve 

technique survival, patient morbidity, and patient rnortality. Although the challenge 

of studying this effect may appear daunting at first glance, it is essential to explore 

interventions that wiIl maintain native kidney function within the dialysis population. 

A cornmitment to understand, influence, and control the function of the remnant 

kidney represents an ambitious cnallenge and one that would have to be 

undertaken without guarantee of a positive outcorne. However, the benefit of 

success would be substantial and appreciable, especialiy for the future acceptance 

of peritoneal dialysis. 
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APPENDIX 2 

EQUATIONS USED TO ESTIMATE GFR AND 

1 MDRD Equation: 

GFR x 1.73 rn2 = 170 x [P,] x [Age] x [0.762 if patient is female] 

x [1 A80 if patient is black] x [SUN]4-170 x [Alb] 

"SUN = serum urea nitrogen in mgldl 

2. Walser Equation: 

Males, GFR = 7.57 [Cr] -' - 0.1 03 age + 0.096 weight - 6.66. Fernales, 

GFR - 6.05 [Cr] -' - 0.08 age + 0.08 weight - 4-81. 

weight in kiiograms 

creatinine in prnol/L 

GFR was expressed as height2'- 

3. Cockcroft Gault Equation - Estimates of Creatinine Clearance (CrCI): 

CrCl mllmin = 1140 - aael x [weiaht - in kql x 1.2 

Serum creatinine (pmolIL) 

Deduct 15% for females 



? d a n t  Soc. Sac. # 

Patient Medicare # KI fm[fl]:m 
.a4> 

Confidential Report Fint Dialysir ~ a t d ( ~ C )  m m (\ 

Medical Oues tionnaire mm dd Y Y 
APPENDIX 3A 

Zheck box to teft of item if unable to 
letermine, and leave Item (rlght) btrink. l 

1, Abstroclor I n l h b :  

2, Dale Completedt 

rn _mm 
1 JI  Elhnlclty 1 .................................................................... 

1 Hlspmlc Origin 2 Nol of Hispnnic Origin 
O 

1 4, Race: ............................................................................. 
1 -White 2 Black 3 Asim 

4 Naiive Arnerican 5 Other 

O 

1 5. Pntltntls Z ip  Code: lIEtEll 
3 6, Dnlt  of  f i r i t  regul i r  d l r ly i l r  - t  

(et lcul once wtckly 1 r t t i r d l t u  of aclllng), Pleut t rc lud t  
, Inl tmlUent d l i lyal i  t r t r lmenir  only for ftuld ovtrlond or  

htart friture, 

O 7, Siudy SIarl Dale (Dale UA6 plus 60 doys): 

MM dd Y Y 
Pleait copy thtsc dater f rom A6 and A7 {O the uppcr hand 
rlght corner o t  eieh page 

O 8, W u  date of tarllesl known dlalysls somt as UA61 ,,, 
(IA were t h e n  no treatmenîs prlor 
IO date nt Ab?) 

O 
i, (If ifem 8 Is %O," give earhst date): 

(DMMS -Prospective) 

9, Insurenn (answer il1 thal spply I n  both columns)! 
In ~ h e  month ai or nenr 

0 b. Privnie (oihei ihan BUUS): . ..........O ................. 0 

.................................... ................ O d. Mcdicold: ...m 
................. O c. VA: , , I l ~ ,11h I I1 I iLL I , I I 4 , . . , , , , , , , . ~ . .~~ ,~ . , , . . . , . , , . . , , ~  

O f, 0th: ............................................ u., ............... 0 
................. O g. N o s :  ............................................. 0 

.................... ................. O h. Enrolkd in nn HMO? .O 0 

B. Patient Histow WIthIn 10 Yeats Prlot to 
~Ltidy ShriDate (date A7) 

O 1, Prlmary cause of ESRD: .......................................................... 
I Diabcies 
2 Hypertension 

O 
3 Prlmary glomerulonephri~ls 
4 01 her 

t] 2. Regular clgsrcttt smoklng slatus:,,,.,...,,,,,,,,,,~~.....,,,~,,,,,,.,,,.,, 
I Actlvc (stlll smoklng) 
2 F~tmct ,  sloppcd < I  year ngo 
3 Former, sioppcd > l yeor ago 
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5 Non Smokcr 
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~ o r o n ~ t y  Artery elseare (CAD) 

For a through g code I Yes 2 No 3 Suspccted 
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O c. Myocardiai i n f~ r c~ ion  (MI): ................................ u 
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.................................... O a, Prîor dfrignosis of PVD: 
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UMMS 104 Page 4 of 5 

Check box to left of item if unable to 
delermlne, and leave Item (righî) blank, 

PSYCHOSOCIAL EVALUATION 
Complele tbts section for boîh PD and Hemo patients 
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n, Ablc Io cal lndcpcndcnily ................................ ,,,,,,,, 
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I Yct 2 -  No 
3 Nursing home, Insiliuilon 4 Homclcss 
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11, E~UCP~~O~:, , , , , , , ,~,~~~, , , , , , , , , , , , , .~, , . , , . , , ,~, , ,~~, , , , , ,~~,~. ,~, ,~~~~~~~~.~,~~ 
I test thon 12 Yn, 2 H i  h School Orad 
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ihe pnileni during the pericds o!ilmc indlciicd. 
Plcase enier one nurnûcr only in cach box from ihc lis1 below, 

24 mo. pdor Io 
ESRD .6mo, nenr 
prior Io ESRD doic ni A7 

I Employcd lull t h  or ruIl lime riudeni ..... n ............ n 
3 . Hoincinnkcr 
4 Reiircd 
S Nevcr Einploycd 

6- Uncmploycd 
7 .  Dlsablcd 
8 . O I ~ C ~  (spctiry) 

D b. Ilunci,iploycd. Ir poilent I w t l n g  for employiimi: ...,.O 
I .Yen 2bNo 

D: Leboratory Data 
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2, 1,cîi vcn~rlcular hypcrlrophy: 
1 -Yes 2 - N o  
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c. Tmntfured in fini 60 dnyr of Jinlysis? .......... 
I Ycs 2 No - If Item 6c ls "no," skip fo iicrn 7, 

O d. I f  iransfured, nuinber of transfusions 
in fimi JO doys or diolysis: ................................ O 

7. W u  the p i i l m i  luklng I!PO ((lrylhropoldln)? ....O 
I a Ycr 2 - N o  

O a, During firsc 60 dnys of dialysls n 
(bciwccn A6 ond . . . . . . . . . . . . . . . . . . . . . . . . . .  

I f  ycs: IV,= Il subc~~~ncous = 2 ................................ ,,,,, 

Cl b. During las1 inonih brlnrç E S R D : + ~ ~ n + , . * ~ . * ~ o ~ ~ e ~ * s + *  

O 
(JO doys prloi lo A6) 

8, Serum Crcailnlnc: 

a 
i O o. Berore i'irsi regulnr dlolysli.. ......... m.0 ingkîl 

(on dny o f  firsi rcgulnr diolysis or 
on the çloscst day pdor IO dale A6) 

0 b, Nearesi doy 60 ( ~ 7 ) : , : i  [ T l  .Ompldl 

9, BUN or urca values: Chrik hcre I f  urri: ............. 
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Check box to ltfi of item If 
determlne, and Ieave Item (right) blank, 

f 

3 b, Nenrcrt day 60 (measurcmcnis mus1 be [rom raine dntc): 

Dokr /or pro and port DUN v a l w  and pre und posl welghls 
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1 t 0, Prtdirlyair or rrndom Serum Albumlni 

Corripletr with Iuot~ndlon closorl to sludy rlad datr (A 7)fiotn a 
wdod ojup 10 3 inonllu bqforr rludy rlarl dote (A71 lo 1 monik @tr 
lludy rlurl dolr (A7130) 

I I *  Llpldr: 

USRDS DMMS - Prospective 

14, Ruldual Rcnil Functloni 

Total hourr of urinc coltcilon co cri fi coi ion) . . . b . I 1 , I ~  1 1 
O b, Lob Vnluo 

Posl Crentlnlne' u1.0 ' mg/dl J 

Posi BUN* mgtd I 
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collcction. 
For PD poilcnts, cnlcr blood crentininc and 8UN volues taken on a 

dote PS close ns possible ta the dnk or urine collcciion n v ~ i l a b l c ,  

5, Mudlccillonr a l  h o  of ,471 plerrc copy the Ilil of rll 
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:heck box to Icft of item If unable to 1 

Complcte thts scctfon only if patient was on hcmo at 
Day 60 o f  ESRD, We nccd Io know Uic sblus of lhis 
patient's FIRST PERMANENT VASCULAR ACCESS. 
Please complete the following items wilh information 
fmm the patient's incûlcd m r d .  Plcasc complcte this 
section evcn i f  the patlcnt has dicd or chanpd 
modnll ty, 

Codu to bc uscd for typc of vnsculrw ticccus 
1 *AV fistula 
2 4 W E  p A  
3.BoVilM grdi 
4PemicpOI S.Oilrct 

1 I , HR S a pcnnanen t vnsculnr acccss cvcr becn crcaicd 
m- 

or etiempicd in this pilticni? u l-Yes 2-No 

I f  NO, plcasc do not cornplcte thc test of thla section 
on Vascular A c b s  (Items 2-61 

3 2. This paiient's Mediail Questionnaire indiwled iliat 
on or beforo (Dste 60 of 
ESRD), the patient had tlic following type of fird 
pcnnaneitt acccss: -, 4 

1 

U tbls 1s incormc~ please provide the corrccl answer 
n 

uslng codes 1-4 from abovc. U 
(If C.2 is correct, plase l avc  tliis box blnnk) 

l f C 2  nbove is blank, whni was ihe first permanent 
i 

vsscular iccws cnatcd or ~iicmpled? 
(Use one of codes 1-5 from abovc,) 

O Whal S I D ~  w bls flrst pcnmncnt PCCCM 

placed on? I-Riglil 2 4 4  

USRDS 'S. * P;iticnt ~ t i m c  

DMMS Folbw-Up Study DMMS ID# 

Medical Update Questionnaire D~I~C  nt ~ t i y  ~ ( 1  of ESRD (Diite ~ . 7 )  

Madulity nt Duy 60 of ESRD (Dnte A.7) 

O 3, The patient's Medtcal Quullonnah indlcaled thai 
the chte of  surgcry for crccilion of Tirsi permanent 
vascular acceSs was: 

If incorrect or blank, please provide the ditte of the 
surgcry for creaiion of' the first pcrmanent vascular 
acccss: 

a 4, Wns this first riiiancnl ncccss cver used for 

dialysis? d 1-Yes 2-No 

If  YES, wha1 was the first dalc Ihal [his 
Dermanent access wris uscd for diulvsis? 

If' NO, did this first permanent mess fnil 10 maturc 

sdcquokly for dinlysir? 1 -Yes 2-No 

5 .  Did this f i r s t ~ m a n c n l  scccss l a i l  aner being used 

for dialysis? 
1 -Yes 2-No 3-Unknown 

If Y ES, p l e w  provide the datc of  firsl fiiilure, 

I f  NO or UNKNOWN, pl«iro providc itic Insi kiiown 
dnte Ille mess wns used for dlnlysis, 

6. Were there a i y  revlsions or procediires iiiadc to 
n 

this firsl pcrrnanent access? Li 
1-Yes 2-No 3-Unknown 

I f  YES, please give the FIRST (wo && and of 
revisions (or procedures) that were made subsequenî to th1 
dak provided in C,3, Plwsc usc the codcs providcd, 

I -ï%rombolpis 
2&11oon angioplnrly willi or wi~houi ihrotiibl*is 
3-Surgical rcpnii or dcclotting 
4crwlion of i new AV firîuln 
h a l i o n  ol'n ncw iTFE grnR (cg, Ooreiex) 
6.crenlion of rnoîher permnnenl ncccs.c (cg, Permcnih) 
7slhcr 

First Rcvision or Proccdurc: 

Type: (uso codes 1-7 obovo) 
Sccond Rcvidon or  Proccdurc: WAS fhere n second 
revision or procedure w l l h  îwo wcekr of the îint ont$ 
Ifyes, plwsc indicsie [fie type using codcs 1-7 from 
abovc and the date: 

MM DD YY 

Type: (use codes 1-7 above) 

THANK YOU FOR COMPLETING f HIS QUESTlONNAlREl 



1 Check box to k i t  of item ifunablc to 
dctcrminc, and leave itcm (rtght) blank, 

l)+cl 1. WC nssd to know the ohnnÏI<fitienl atatua ( , 
or modalhy since (0ny 60 of 1 ; 1 ESRD). The date of lhit PIRST slinngc In patient 

1 stalus or modollty slnfo Day GO of ESRD was: l !  
1 Plcase enter date of FIRST change 1 

- -- 

MM DD ' YY 
(plcase enter: Today's Dstc if therc was no change 
In the pliticnt's status or modality, If unrivailablc, 
give inonth and y a r  or ycnr only.) 
For the dateyou jud uulrrrd, 8 I w  thr codr/orpatI~~dstnlav: 

rn 
Codcr for Change In Stntur or ~ o d a l i t ~ u  
I4ad no chaiiee in siiitus or nicxialitv 
Z=changed to FD (lor al las12 &ci&) 
J=clioiiged to hcindIalpis (for nt 1-1 2 W C C ~ S )  

4lchangtd 10 hoiire hmodirlyoi~ (for at lwl2 wccka) 
Sihsd retuan of ml lLnction 
6Jtraiisferted to another facility 
7-receivcd o kidney transplant 
8=died 
9mwas losl lo foltow-up 
IO~withdrcw from dialysis 

l 2. The patienl's curnnt sl~lus is (plcase enler de): 

n1 1 1-alive 2 - d i e d  3-los, 10 follow-up 1 
date of deaih, 11 

follow-up, p l a i r  enier 

MM DD W 

USRDS 
DMMS Follow-Up Study 
Medical Updale Queslionnaire D H ~ C  iit D ; ~ Y  (;O of ESRD ( D ; \ ~ c  ~ . 7 )  

\ \ ,  Modnlity nt Day 60 of ESRD (Dutc A.7) 
(If Hcmo, ptcnsc f i I l  out scctirrn an Vascu\ar A c c c s ~  on bnck of page) 

Complele tlils seciion only for pnllcnis froin your unli wlio 
ore currcnlly on in=ccnicr hctnodialysis or pcriioneal 
dialysis, Use informolion 9s closc as wssibre 10 iodav's 
&, thai is not more than 60 days from today's date. 

I .  The piieni's curreni rnodality o l i r e a h x i ~  is: 
I uhenio 2-PD (CAPD or CCPD) 

2. The approslma~e urine ouipui of il ic paiieni is  
n- 

. * 
3, BUN and wcighl: 

All valucs for a. and h. mus: hc lrnrn samc datc 

(mosl rccenl i f  PD) 

Prc-dialysis Weight 

Posl-dialysis Wcight 

- t '  
4, Resldunl Rond Funcllon (Do not complcto t h h  ltcrn 
urinc volurnc i s  I C M  than 200 mllday,) 
0 o. Urine colicction t iiiië""'--'- 

Slarf (Posî dialysix for I i w o  pnlieii~,) 

mm dd YY hr min AM*\ 

,Enid ((.lsually ncri prc-dialysiil trcniiiicni liir Iiciiia psiiciiix) .' 

b. Lab Vnlucs ,. . 
Vnliie L M r  

Urina Vulumc ' o,mr]r] tnlcrcc 

J 
f i d B U N '  nnn mg/d 1 



1 Check box to lcft o f  item if unnblc to 1 

Complcte thls scctlon only if patient was on hcmo at 
Day 60 of ESRD, We nccd Io know tlic siaius of this 
patient's FIRST PERMANENT VASCULAR ACCESS, 
Please complete the following items with information 
from the pallenl's incdicnl record. Plcasc complcte thls 
section cvcn if the paiicnl has dicd or changcd 
modslity, 

l 

Codes to bc uscd for typc of viisculrir cicccss 
1-AV fistula 
2*PTFE p i n  
3-Bovine grPA 
4Pemwh S.Mhtr 

1. Hns a permnnent vnsculnr ncccss v r becn creaied 

or aiieinplcd in ~liis pnticnt? fiYcs 2-No 

I If NO, plcasc do not complctt thc rest of thla section 
on Vascular Acécss (Itcms 2-6) 

1 2. This patient's Mediciil Questionnaire indicaicd iliat 1 
on or beforc 
ESRD), the patient had 111e following type of fint 
pcnanent  acccsa: l I 

1 U thls is incorrect, plcase providc the corrcci aiiswcr 1 
n 

I uslng coder 1-4 from above. U 
(lf Cb2 is cotreci, ptease leavc tliis box blnnk) 

lf  C.2 above is bliink, wliai wris ~ h e  first pcmancnt 
l \  

viacular m e s s  cnnlcd or atkmpkd? CI 
(Use one of codes 1-5 from abovc,) 

( 0 What SlDE wns this fint permanent access 
n I 

I placcd on? U I-Riglii 2-Lcn 

USRDS ' a  

DMMS FoHow-U~ Study DMMS ID# 

M e d h l  Update Questionnaire ~ i i k  nt D ; I ~  60 of ESRD (Diitc ~ . 7 )  

Modulity at Duy 60 of ESRD (Dritc A.7) 

O 3. The patient's Medical Questionnaire indicaled that 
the d:itc of surgcry for crealion of Tirs1 pcrrnancnl 
vascular access was: 

If  tiicorrcct or blank, please provide ihc d;i(e o f  (lie 
surgcw for creûtion of the first pcrmancnt vascular 
acccss: 

0 4. Was this Tirsi perinancni occcss cvcr used for 
n 

dialysis? L J I -Yes 2-No 

I f  Y ES, what was the firsi date lhat lhis 
permanent ~cccss was uscd for dialysis? 

o Dale: na nu OC3 
MM DD YY 

If NO, did tliis Tirs1 permanent access fail to rnalurc 

iidcquaicly for d i a l y s i s ? O  1 -Yes 2-No 

5 .  Did ihis first permanent acccss Puil aller k i n g  used 

for dialysis? 0 
1-Yes 2-No 3-Unknown 

i f  Y ES, pleiisc provide the date of Grsi fiiilure, 

I f  NO or UNKNOWN, pleiise provide {lie Ii isi kiiown 
dritc 11ic access wns used for dinlysis, 

O 6. Were there atiy revisions or procedarcs iiiadc Io 
n 

this firsi pcrrnaneni access? U 
1 -Yes 2-No 3-Unknown 

If YES, please give the FIRST Iwo and h~ of 
revisions (or procedures) lhat were made subseguent to th 
date provided in C.3. Pluisc usc (lie codcs pmvided. 

I -nirombolpis 
?-BolIoon nngioplmty willi or wiihoul ihraiiih<ilysia 
,l.Surglcol repnir or dcclottlng 
4-cte~tion o f  r new AV lisluln 
Smxl ion ol'n new P'rFE grnn (cg. Oarekx) 
bcruilion o f  nnolher pennniicnl n c c w  (e.& Pcrmcnih) 
7oihcr 

First Rcvision or Proccdurc: 

M M  DD YY 

Type: (use codes 1-7 above) 
Sccond Rcviaion or Proccdurc: Was there n second 
rcvision or proccûurc witkln two wcekr of tbc flnt o u ?  
If yes. plensc indicale ide iype using coda 1-7 from 
ribovc and the date: 

MM DD Y Y  
Type: (use codes 1-7 above) 

THANK YOU FOR COMPLETING THIS QUESTlONNAlREl 



1 Check box to Icft of item if unriblc to 
determlnc, and leave itcm (right) blank, I 

1, Wa na io know the dtll ahnnrr In ~nl iont  itotui 1 r 

status or ~nodolity sina Day 60 of E S F ~  was: 

Please enter date of FIRST change 

MM DD r/ 
(Plcilsc entcr Todny'a Datc if  thcrc was no changc 
In thc pattcnt's status or  madality, If unavailabfc, 
&ive montlr and ywr or ycnr only,) 
For ihc dafu youjutt rn tmd,  giw t h  code for pu& slntur: 

Coda for Chnnge In Statur or ~ o d a l l t y U  
I4iad no charige iii iibtw or modolity 
2-changcd 10 PD (for at luut 2 &wks) 
S=chaiiged to hunoûiolysis (for al Iccrst 2 wceks) 
4whengcd to hoiiie hemodialysis (l'or a l  leasl2 wcek'r) 

, 5-had tetuni o C d  fundon 
6=ûansfe~cd to anolhcr facility 
7=receivd u kidney hspl r in l  

1 8edied 
9=was IOSI io follow-up 

l O=withdrew froni dial ysis 

2. The patient's currcnt stalus is (plcase cnler code): 

O' 
I -alive 2did 3-los1 to follow-up 

If lhc p;ilient d id .  plvqbcnlcr the daie of dath.  II 
the patient is living o'i los& follow-up, plclse enter 
the date thnt the patient . 1st know to be alive. 

Date: 08 00 ' 
MM DD W 

USRDS P;iiicnl ~ i i r n c  

DMMS FOHOW-Up Study DMMS ID# 

Medical Update Questionnaire MC ~t DPY cio or ESRD ( h t c  ~ . 7 )  
t. 

\ \ ,  Modnlity nt Day 60 of ESRD (Dutc A,7) 
(If Hcmo, plcrisc fiIl out scction an Vascular Acccs.g on hnck al' pagc) 

Sornplrle ilih taclton only for p~itlonts rroin your un11 wlio 
nts ourmnily on Indentor hainodlmlyili or parhonoai 
dlalysis, Use informnlion closc as mssible Io Lodav'~ 
Sgtç, thal is no1 more llian 60 days From loday's date, 

1. The patienl's current rnodality of treatmenl is: 
I -hem0 2-PD (CAPD or CCPD) 

2. The approsiniaie urine oulpiil of ilic palieni is 
n- 

c u r r c n ~ l ~ : W  

1 - g r d c r  than 200 mt/dny 
2 Isss4im200, rnlldiiy (ih0 ml is nboui I cup) 

3, BUN and wcigh(: 
. 

Ali valucs for a, and h. must hc h m  samc datc 

a. Pre-dialpis BUN rngldl 
(niosl recenl if PD) 

(Hemo Paiicnis Only) 

Posl-dialysis Wcighi 

Oucstion #4 is  Voluntriry, \ ' 

4, Rcrldunl Rond Funcrion (Do not comnlctc thla h m  If 
udnc volumc Ir larr than 2Ob rnlldrry,) - 

n, Urine collccllon tirtic: 
Slrrrt (Posl dialpis Tor Iicii\o palieiili) 

mm Jd W Iir niln AM I 
Dnle - Ti riic IWL 

] b. Lab Vnlucs 
Vnluc Chils 

Urina Volurnc ' 



APPENDIX 4 

UWO-DOM Research Cornpetition 

Louise M. Moist 

Measurement of renal function among patients on dialysis 

Myura Muhunthan, Medical resident 

SUMMARY of PROPOSAL 

Residual glomerular filtration rate (GFR) is clinically important as it accounts for 
major differences in diaiysis requirements and mortaiity among patients on 
dialysis. As a consequence, it is important to investigate methods for accurately 
rneasuring the small amount of residual GFR in patients receiving maintenance 
diaiysis. The literature has small case series reviewing various tests used to 
measure residual GFR, but few compare measurernents among patients on 
dialysis and none compare the measures available for use in our center. The 
aim of the proposed research is to establish the best rnethod that can be used in 
clinical practice to measure residual GFR in dialysis patients. We propose to 
simultaneously measure residual GFR using 99m Tc-DTPA, clearance of urea 
and creatinine, the average of the urea and creatinine clearance, urine volume, 
and published equations used to predict GFR from various patient parameters. 
The correlation between 99m Tc-DTPA and each other test will be analyzed by 
linear regression. The results of this study will give the nephrologist a practical, 
reliable test to measure residual GFR in the dialysis population. 



Budget Details: 

Patient identification and 
entry 

Data collection and entry 

Statistical support 
Consultation and SAS time 

Supplies 

GFR study 

Travel 

TOTAL: 

Responsible Person Cost 

Medical resident 1 NO  COS^ 

Medical resident 

Department of 
Epidemiology and 
Biostatistics 

Office supplies 
Publication Costs 

No cost 

$1 000.00 

$200.00 
$200.00 

Nuclear Medicine 
lncludes cost of materials 
and technician time only 
Professional fee waived 
for research purposes 

Dr. Myura Muhunthan will be doing a 2 month research elective in Nephrology to 
look at measurement of renal function among patients with chronic renal disease 
and among patients with end stage renal disease on diaiysis. She will be 
responsible for enrolling patients; CO-ordinating investigations and data entry so 
there will be no cost for this. Dr. Mattar is Chief of Nuclear Medicine and he will 
waive the professional cost of the GFR study and charge only for the direct costs. 

$80.00/study x 80 
patients 

$6,400.00 

Presentation at American 
Society of Nephrology 

$1,000.00 



Background 

In recent years, there has been a greater focus on residual renal function of 
patients on chronic dialysis therapy. Although RRF is often used to indicate 
residual glomerular filtration rate (GFR), it also reflects remaining endocrine 
functions such as erythropoietin production, calcium, phosphorus and vitamin D 
homeostasis, volume control, and removal of "middle molecules" or low 
molecular weight proteins. Residual renal function is clinically important as it can 
account for major differences in dialysis requkements since it contributes to 
measures of adequacy, both K W  urea and creatinine clearance (1, 2). RRF has 
also been shown to be associated with mortality. Analysis of the CANUSA study 
(3) has shown that every O.Sml/min higher GFR was associated with a 9% lower 
risk of death (RR=0.91) (4). It has been shown that clinically important and 
statistically significant decreases in nutritional parameters occur with RRF loss. 
Furthermore, it has ais0 been demonstrated that small incrernents in RRF may 
account for major differences in quality of life. 

The understanding of the importance of the residual renal function demands that 
we have an accurate and practical test to measure the residual renal function. 
The usefulness of a diagnostic test is based on its accuracy (compared to 
standard), precision (inversely related to the variability of measurements), and 
convenience. The GFR is believed to be the best overail index of renal function 
in health and disease since it is a direct measure of renal function, it dedines 
before the onset of signs and symptoms of uremia, and it correlates with severity 
of structural changes in progressive renal disease. However, the GFR can be 
affected by volume status, nonsteroidal anti-inflammatory drugs, acute protein 
loading, level of arterial blood pressure and some anti-hypertensive agents (5). 

Accurate measurement of GFR using lnulin is time consuming, expensive, and 
not practical for routine use. Estirnates of GFR using formulas including patient 
and lab parameters such as the Cockcroft Gault (6), MDRD (7), and Wasler (8) 
formula can be imprecise and have not been validated in the end stage renal 
disease (ESRD) patient on dialysis. 

Other markers, such as serum creatinine reciprocal of creatinine clearance, urea 
clearance, and the average of the creatinine and urea clearance have been used 
to assess the level of residual GFR. Indices of GFR, such as reciprocal of serurn 
creatinine and creatinine clearance are of limited value in assessing renal 
function particularly in patients with advanced renal function (9). 

Clearance of creatinine is another measure of residual GFR in the dialysis 
patient. Creatinine clearance is influenced by enhanced tubular secretion. As 
renal failure progresses and the total GFR declines, less creatinine is filtered and 
proportionately more of the urinary creatinine is derived from tubular secretion, 
leading to an over-estimate of GFR. In view of the limitations of creatinine 



clearance as an index of GFR, the average of the creatinine clearance and urea 
clearance has been used as a better marker of GFR (10). The effect of the urea 
reabsorption is offset by the creatinine secretion, making the average of the urea 
clearance and the creatinine clearance a closer approximate of the GFR in 
patients with a GFR less that 15mllmin11 .73m2. 

Urine volume is variable in ESRD and is deterrnined by the GFR and the rate of 
tubular reabsorption. In spite of its shortcomings, urine volume has been 
correlated to GFR in previous studies (4). Tzamaloukas demonstrated that urine 
volume was the primary determinant of urinary clearance among patients treated 
with continuous peritoneal dialysis. This finding supported previous findings that 
urine volume is a major contributor of K W  and total creatinine clearance. 

The lack of a suitable measure of residual GFR in the dialysis population has 
blurred our understanding of the remnant kidney. We cannot look at factors 
which preserve the residual GFR until we have an accurate, precise and practical 
measure of residual renal function. If a test was identified that was accurate, 
precise and convenient, we would rneasure the residual GFR more frequently 
and get a better understanding of the rernnant kidney and the factors that will 
preserve the valuable remaining GFR. lnulin is considered the gold standard in 
GFR measurement. At our center we use 99m Tc-DTPA as Our GFR 
measurement. It has been correlated with lnulin in patients with chronic renal 
failure (1 1) and in patients on dialysis (4). 99m Tc-DTPA will be considered as 
the best available test or the gold standard in Our study. 



PART 2: MEASUREMENT OF RRF AMONG PATIENTS ON DlALYSlS 

Objective: 1-To compare the available measures of residual GFR to the "gold 
standard" GFR measurement with 99m Tc-DTPA among patients on dialysis. 

Hypothesis: 1 .Measurement of the average creatinine and urea clearance will 
provide a simple accurate and inexpensive test of renal function among patients 
on dialysis, 

2. Availability of a simple, inexpensive test to measure renal 
function will allow the nephrologist to prescribe adequate dialysis prescriptions 
and monitor factors, which influence the residual GFR. 

Methods: 

Population: 
Patients receiving hemodialysis and peritoneal dialysis in units associated with 
London Health Science Centre and St. Joseph's Health Centre. 

lncf usion Criteria: 
1. lnformed consent 
2. Duration of dialysis from 1 month to 5 years 
3. Age between 20-75. 
4. Urine production of >100rn1/24 hours. 
5. Stable dialysis for the last 2 weeks 

Exclusion Criteria: 
1. Urine out-put < 100mIJ24h 
2. Unable to attend nuclear rnedicine study 

Design: 
Cross-sectional study of a hemodialysis and peritoneal dialysis population to 
compare measures of residual GFR. 
Patient consent will be obtained by a senior medical resident. The nature of the 
study, accurate collection of urine and the nuclear medicine study will be 
explained to the patient. After patient consent the following measures of residual 
GFR will be performed. 

1. 99rnTc-DTPA GFR study (Protocol attached Appendix 2) 
2. 24 hour urine collection with measurement 

1. urine volume 
2. 24 hour creatinine clearance 
3. 24 hour urea clearance 
4. average of 24 hour creatinine and urea clearance 

3. Lab parameters measured to calculate GRR using MDRD, Cockcroft-Gault 
and Walser formula. 



For hemodialysis patients ail clearance measurernents will be carried out 
during a 24-hour inter-dialytic period between two dialysis. The serum 
creatinine and urea will be a pre dialysis level. Patients on peritoneal dialysis 
wiIl have urea and creatinine measured frorn a 24 hour urine collection as well 
as the urea and creatinine level in serurn samples taken during the same 24 
hours, or 12 hours before or after. 

Analysis: The correlation between 99rnTcDTPA and each test will be analyzed 
by the method of linear regression and a correlation coefficient calculated. The p 
values of the correlation coefficient will be calculated by Fisher transformation. 

Anticipated Results: 
Residual GFR is an important predictor of adequacy of dialysis and mortality 
within the dialysis population. Currently we do not know which test will reliably 
measures residual GFR in a practical, inexpensive manner. We anticipate that 
the average 24-hour creatinine and urea clearance will provide an accurate 
estirnate of residual GFR both in the hernodialysis and peritoneal dialysis 
population. This measure will allow us to follow residual GFR more closely and 
follow parameters that will effect its preservation. 

Problem: 
1. Inaccurate collection of 24 hour urine. The medical resident will give careful 
verbal and written instructions to the patient to ensure accurate collection. 
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