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INTRODUCTION

Chronic Kidney Disease: is a gradual loss of kidney function over time. The loss of 
function may be so slow that the patient has no symptoms until the final stage.

CKD is defined as the presence of kidney damage, or an eGFR < 60 ml/min per 1.73 
m2, persisting for > 3 months.

At the final stage (ESRD) the kidney are unable to remove enough wastes and excess 
fluid from the body →may need kidney replacement therapy : dialysis or a kidney 
transplant



RENAL FUNCTION

• Renal function: 
measured by 
glomerular filtration 
rate (GFR)

• GFR : measured & 
estimated

Levey, A.S., Coresh, J., Tighiouart, H. et al. Measured and estimated glomerular filtration rate: 
current status and future directions. Nat Rev Nephrol 16, 51–64 (2020).



CLEARANCE

• Defined as: the volume of plasma cleared of a marker by excretion 
per unit of time.

• Clearance of substance x is the sum of the urinary and extrarenal
clearance. For substances that are eliminated by renal and extrarenal
routes, plasma clearance exceeds urinary clearance.

• Urinary clearance: the amount of substance x excreted in the urine 
can be calculated as the product of the urinary flow rate (V) and 
urinary concentration of substance x (Ux).



URINARY CLEARANCE

• Urinary excretion of a substance depends on 
filtration, tubular secretion, and tubular 
reabsorption.

• Substances that are filtered but not secreted or 
reabsorbed by the tubules are ideal filtration 
markers.

• For substances that are filtered + secreted: clearance 
> GFR

• For substances that are filtered + reabsorbed : 
clearance < GFR.

• Measurement of urinary clearance requires a timed 
urine collection for measurement of urine volume, 
urine and plasma concentration of the marker.

• Weakness: incomplete urine collection may affect the 
clearance calculation accuracy.



PLASMA CLEARANCE

• Measurement of plasma clearance do not require a timed urine 
collection.

• GFR is calculated from plasma clearance after a bolus intravenous 
injection of an exogenous filtration marker.

• Clearance is calculated from the amount of administered marker (Ax) 
divided by the plasma concentration (Px). Cx – Ax/Px

• Plasma clearance is best estimated by use of a two-compartment 
model that requires blood sampling early (usually 2-3 x until 60 
minutes), and late (1-2 x from 120 minutes onward).

• Weakness: depends on filtration, tubular secretion, tubular 
reabsorption, and extra-renal elimination.



EXOGENOUS 
FILTRATION 
MARKER



ENDOGENOUS 
FILTRATION 
MARKERS



CREATININE

• An end product of muscle catabolism.

• Derived by the metabolism of phosphocreatine in muscle, dietary 
meat intake or creatine supplements

• Released into the circulation at a constant rate.

• It is not protein bound and is freely filtered across the glomerulus and 
secreted by the tubules.

• Affected by several factors

• Contained in intestinal secretion and can be degraded by bacteria.

• At normal levels of GFR, tubular levels are relatively small (10-15%)

• But: at low values of GFR, the amount of creatinine excreted by 
tubular secretion may exceed the amount of filtered



Factors Affecting Serum Creatinine Concentration



RESIDUAL RENAL FUNCTION

• Most patient ESRD excrete 100-250 ml of urine daily for months after 
hemodialysis or peritoneal dialysis begun.

• defined as the ability of the native kidneys to eliminate water and 
uremic toxins

• Is quantified as “clearance” by measurement of urea, creatinine, or 
urea and creatinine clearance in urine voided in the interval between 
dialysis session.

• RRF is a powerful prognostic indicator, and preservation of RRF is 
associated with better survival, lower morbidity, and greater quality 
of life in patients with ESRD on PD or HD



Tanriover, C. et al. On the importance of the interplay of residual renal function with clinical 
outcomes in end-stage kidney disease. J Nephrol 35, 2191–2204 (2022).



• RRF may be estimated and measured. 

• However, an optimal method for measuring RRF has not been 
established. 

• The glomerular filtration rate (GFR) is widely used as an indicator for 
kidney function. 

• Formulas based on the serum creatinine level are clinically used to 
estimate the GFR before initiation of renal replacement therapy.
• The Schwartz formula and the Counahan-Barratt equation are used in 

children.

• The Modification of Diet in Renal Disease (MDRD) equation and the 
Cockcroft-Gault formula are used in adults.

MEASUREMENT OF RESIDUAL RENAL 
FUNCTION



MEASUREMENT OF RESIDUAL RENAL FUNCTION

• The National Kidney Foundation-Kidney Disease Outcomes Quality 
Initiative (NKF-KDOQI) guidelines:

• measuring RRF by calculating the mean 24-hour urine creatinine level and 
urea clearance scaled on a patient’s body surface area and expressed as 
ml/min/1.73 m2 or l/week/1.73 m2 for both PD and HD patients. 

• The time of collecting 24-hour urine is crucial; from PD patients who are in 
stable condition, 24-hour urine can be collected on a random day, but from 
HD patients, some clinicians advocate collecting urine in the entire 
interdialytic interval because of these patients’ hemodynamic instability 



PROBLEMS

• Since accurately quantifying RRF from urine is arduous, there is a 
clinical need to develop alternative methods of assessing RRF based 
on serum testing

• due to the elimination by dialysis.



BETA TRACE PROTEIN

• also known as prostaglandin D2 synthase

• a low-molecular-weight glycoprotein (25.2kDa) 

• initially isolated from cerebrospinal fluid and served as a marker of 
cerebrospinal fluid leakage . 

• It is expressed in almost all tissues,  with biological actions that 
include vasodilatation, bronchoconstriction, inhibition of platelet 
aggregation, and recruitment of inflammatory cells.

• The half-life of BTP is approximately 1.2 h

• it is freely filtered through the glomerular basement membrane with 
minimal nonrenal elimination



El-Aarag B, Abdu-Allah AM, Abo-Alfa MA, El Sayed IT (2018) Serum Beta-trace Protein and Cystatin C as Biomarkers for Renal Dysfunction
in Patients with Chronic Kidney Disease. J Mol Biomark Diagn 9: 399. doi: 10.4172/2155-9929.1000399

Serum concentrations of BTP and Cys-C.



BTP in CHRONIC KIDNEY DISEASE

Journal of Clinical and Diagnostic Research. 2022 Dec, Vol-16(12): BC15-BC18



El-Aarag B, Abdu-Allah AM, Abo-Alfa MA, El Sayed IT (2018) Serum Beta-trace Protein and Cystatin C as Biomarkers for Renal Dysfunction
in Patients with Chronic Kidney Disease. J Mol Biomark Diagn 9: 399. doi: 10.4172/2155-9929.1000399

The correlations of BTP and Cys-C levels with urea, creatinine, 
and eGFR



BTP IN PERITONEAL DIALYSIS

Schwab, S. et al.. BMC Nephrol 22, 87 (2021). 



SUMMARY
• Chronic kidney disease is a condition of gradual loss of renal function that 

may lead to end stage renal disease requires renal replacement therapy.

• GFR is one parameter represents renal function.

• GFR is measured by clearance of exogenous or endogenous substance

• Creatinine is currently the most used marker to determine GFR. However, 
it’s serum concentration is affected by several factors.

• Residual renal function is important for dialysis patients, as it is a strong 
indicator for prognosis, and correlate with lower morbidity and mortality, 
and better quality of life.

• Ureum and creatinine are currently used to determine RRF. However, they 
are removed by dialysis and affected by non-renal factors.

• Beta trace protein potentially be a better marker for RRF of dialysis 
patients as it is not removed by dialysis process and minimally affect by 
non-renal factors.




