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HOUSE KEEPING NOTES 
Office hours daily between 14th Feb and 2nd March (except Ash Wednesday):  
ZOOM Office hours 4-5.30pm; EVERY Mon, Wed & Fri 4-5.30pm  
Zoom link: https://luc.zoom.us/j/4722150747 
IN PERSON OFFICE HOURS, ROOM 518, CTRE: 4-5.30pm EVERY Tuesday and 
Thursday.  
 
The notes are designed to expand your learning and supplement the materials in 
the lectures. All exam questions will be drawn from course objectives. One or 
more objectives may be tested in an exam question.  
 
Example questions drawn from lectures and from Vanders are included in SAKAI 
file: FHB 2023 Resources/Renal Block and in extra materials for Lectures 3, 6, 9 
and acid base 3. 
2022 LECTURES LINK 
 

Lecture 33: Renal 2 
 
RENAL CLEARANCE 
 
Reading: Berne & Levy Physiology, Koeppen & Stanton, © 2018 Elsevier, pp. 590-600  

 
CONCEPTS  

• The Clearance is a measure of the volume of plasma from which all of a 
substance is removed and excreted in a given time.  

• Creatinine clearance is the common method to measure GFR.  
• Plasma creatinine concentration varies inversely with GFR & it is an important 

indicator for how well the kidney are filtering.  
• The renal blood flow can be estimated by infusing with low concentrations of 

PAH 
• A glomerulus filters ~20% of the volume that enters the afferent arteriole; the 

remainder continues does the efferent arteriole.  
 
 LEARNING OBJECTIVES  

1. Understand the composition of the kidney load  
2. Define the term Clearance. 
3. List the information required to calculate Clearance. 
4. Explain why exogenous inulin and endogenous creatinine can be used for 

determining the GFR.  
5. Draw the relationship between the GFR & serum creatinine.   
6. Describe the Clearance of PAH and its relation to RPF 

https://luc.zoom.us/j/4722150747
https://stritch.luc.edu/lumen/session_detail.cfm?cy=A0DE58D53D8FA2711D45B14A61A6C8B4-NVENC1&course=103&academic_level=1&checkref=C4CA4238A0B923820DCC509A6F75849B&requesttimeout=60000
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7. Define the Filtered Fraction (FF) and summarize clearance ratios 
 

OBJECTIVE 1: THE COMPOSITION OF THE KIDNEY LOAD 

The LOAD is the amount of substance per time 

• A load of any substance is always the product of its concentration times the flow. 
  Load (mg/min) = Concentration (mg/mL) • Flow (mL/min)    

• Here on planet Earth, there’s conservation of mass. The same concept applies to 
the kidney. Thus, INPUT must equal OUTPUT. We need BALANCE! 

In the kidney, there is ONE input (the arterial plasma load) and THREE outputs 
(Venous, Ureter & Lymph) 

 Useful units and definitions: 

 

•  

In the case of the Kidney then: 

   Renal Input = Renal Output 

The LOAD of any substance (X) can then be written as:  
Arterial Plasma loadX = Ureter loadX + Venous loadX + Lymphatic load X 
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PaX • RPFa = UX • V
•
+ PVX •RPFV + LX • RLF 

BUT: 1. We can ignore the lymphatic load (as it is so small) 

  2. Ignore the venous load (as venous blood is retained and conserved) 

THUS: 

PaX • RPFa = UX • V
•

 

 ***Note: For some FORMAL equations (like for PAH, see later), the venous load is 
included to balance the equation.  

 

 HOWEVER, PRACTICALLY, YOU DO NOT MEASURE THE VENOUS COMPONENT IN 
THE CLINIC (think about what laboratory clinical tests are routine- urinary, and 
blood draws. The blood draw assumes that the arterial plasma and the venous 
components are the same). Some of you math purists may find it difficult to just 
drop a part from the equation. That’s ok to leave it in. Just remember, it’ll be very 
rare to actually get a value for the venous flow, or the venous component.  

Objectives 2 & 3: Define CLEARANCE and list the information 
required to calculate clearance  

A. Clearance of Various Substances  

• Clearance is defined as the volume of plasma completely cleared of any substance 
in one minute. Clearance, therefore, carries the units of flow (mL/min), not 
load (mg/min) or concentration (mg/mL).    

•  

 Consider substance X which is in the plasma 
perfusing the kidney and that substance X is freely 
filtered (20%) at the glomerulus. To account for the 
total amount of X presented to the kidney per 
minute, we must look in the two major outputs 
fluids, the venous blood returned to the body and the 
urine that is expelled from the body.    
• A formula can be written expressing this 
conservation of X (Xin = Xout since X is neither 
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consumed nor produced by the kidney).    

• RPFa and RPFv are the renal plasma flows for arterial and venous bloods 
respectively.    

 Xarterial input (mg/min) = Xurine output (mg/min) + Xvenous output (mg/min)     

Parterial X (mg/mL) • RPF
a (mL/min) = Ux (mg/mL) • V

•
urine (mL/min) + PvenousX 

(mg/mL) • RPFv (mL/min)    

• Since we are interested in the clearance of substance X from the blood and from 
the body, this formula can be simplified by dropping the venous component (any X 
in venous blood is retained, not cleared) and substituting the clearance of X (a flow 
out of the kidneys) for RPFa.    

  Parterial X (mg/mL) • CX (mL/min) = Ux (mg/mL) • V
•

urine (mL/min)    

• Rearranging this formula    

CX (mL/min) = Ux (mg/mL) • V
•

urine (mL/min) / Parterial X (mg/mL)  

O R: 

• C = U • V
• 

/ P     
 
IMPLICATIONS: 

• -substances present in the urine are being cleared by the body and have 
clearance values > 0.0 mL/min 

• -substances not present in the urine are being preserved by the body and 
have clearance values = 0.0 mL/min 
 

• There are four loads (mg/min) associated with the kidney: the filtered load (F); 
secreted load (S); reabsorbed load (R); excreted load (E).  

• Note that the amount of substance X is conserved (neither consumed nor produced 
by the kidney).    

• F (mg/min) + S (mg/min) = R (mg/min) + E (mg/min)  

• The filtered load of substance X (glomerular input) is the product of the 
glomerular filtrate flow times the concentration of X in the plasma.  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 FX (mg/min) = PX (mg/mL) • GFR (mL/min)    

• The excreted load of substance X (collecting duct output) is the product of urine 
flow times the concentration of X in the urine.    

 EX (mg/min) = UX (mg/mL) • V
•
urine (mL/min)    

HOW DOES EXCRETION RELATE TO CLEARANCE? 

Remember that Loads are in mg/min and clearance is in mL/min! 

ClearanceX can also be stated as the Excretion rate divided by the plasma 
concentration:  

  CX(mL/min) = EX (mg/min) /PX(mg/mL) 

OBJECTIVE 4: Explain why exogenous inulin and endogenous creatinine 
can be used for determining the GFR.  
Glomerular Filtration Rate (GFR)  

The volume of filtrate formed per unit time in the kidney is known as the glomerular 
filtration rate (GFR). In healthy people, the GFR is 180 L/day (125 mL/min)!!! 

The calculation of the GFR is a critical determinant of renal function. Values that are 
above 120 mL/min are considered to be representative of a healthy individual. 
Values lower than ~90 mL/min indicate different stages of kidney disease. An 
individual with a GFR <15 mL/min is considered as Kidney Failure.  

PLEASE NOTE: in 2021, the Kidney Foundation and the American Kidney 
Association updated the guidelines to the calculation of eGFR. 

Sept. 23, 2021, New York, NY – Today, the National Kidney Foundation (NKF) and the 
American Society of Nephrology (ASN) Task Force on Reassessing the Inclusion of 
Race in Diagnosing Kidney Diseases has released its final report, which outlines a new 
race-free approach to diagnose kidney disease. In the report, the NKF-ASN Task Force 
recommends the adoption of the new eGFR 2021 CKD EPI creatinine equation that 
estimates kidney function without a race variable. The task force also recommended 
increased use of cystatin C combined with serum (blood) creatinine, as a 
confirmatory assessment of GFR or kidney function. The final report, published today 
online in the American Journal of Kidney Diseases (AJKD) and the Journal of the 
American Society of Nephrology (JASN), was drafted with considerable input from 
hundreds of patients and family members, medical students and other trainees, clinicians, 

https://www.kidney.org/newsletter/nkf-and-asn-form-joint-task-force-to-focus-use-race-egfr
https://www.ajkd.org/article/S0272-63862100828-3/fulltext
https://jasn.asnjournals.org/content/early/2021/09/22/ASN.2021070988
https://jasn.asnjournals.org/content/early/2021/09/22/ASN.2021070988
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scientists, health professionals, and other stakeholders to achieve consensus for an 
unbiased and most reasonably accurate estimation of GFR so that laboratories, clinicians, 
patients and public health officials can make informed decisions to ensure equity and 
personalized care for patients with kidney diseases. 
 
https://www.kidney.org/news/nkf-and-asn-release-new-way-to-diagnose-kidney-diseases 
 
 

Inulin & the measurement of GFR 

• The most accurate measures of GFR require the administration of exogenous 
agents. Consider the substance inulin, which is filtered and excreted, but 
neither secreted nor reabsorbed. In this case the clearance of inulin has to be 
equal to the glomerular filtration rate (GFR). This is so because the only way 
for inulin to reach the urine is by being filtered at the glomerulus.    

• Advantages of Inulin: 

 Freely filtered fructose polymer that is neither reabsorbed nor secreted. It’s not 
bound to plasma proteins (if it were, it would pass into the efferent arteriole) 
and is not produced nor consumed by the kidneys. It’s not toxic and it can be 
easily and accurately quantified.  

 Disadvantages of Inulin 

 Must be infused by IV to obtain constant blood titers, and also it is expensive (in 
reality, inulin is only used in research studies).  

• Creatinine 

• For routine assessment of GFR in patients, creatinine clearance, or more 
commonly, estimates of GFR using plasma levels of creatinine are used. 
Creatinine is a product of creatine metabolism, and is exported into the blood 
by the skeletal muscle. Assuming that muscle mass remains constant in an 
individual, the creatinine production should remain constant. Creatinine is 
freely filtered and not reabsorbed.  

• HOWEVER: a small amount is SECRETED by the proximal tubule. Thus, clearance 
of Creatinine is slightly HIGHER than GFR, about 10%.  

• Advantages of Creatinine: freely filtered, not bound to plasma proteins, neither 
produced nor consumed by the kidneys; measurable in urine and plasma; 
constantly infused, is free! 

https://www.ajkd.org/action/showPdf?pii=S0272-6386%2821%2900506-0
https://www.kidney.org/news/nkf-and-asn-release-new-way-to-diagnose-kidney-diseases
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• Disadvantages: 10% of creatinine is secreted, leading to an overestimation of 
GFR (this is considered acceptable though- and is corrected for if measuring 
plasma values- see below). Also varies with diet (eg: eating large amounts of 
meat).  

• In reality, creatinine is not generally measured by 24 hr urine test, but rather by 
plasma levels. However, the assay method for calculating plasma creatinine is 
also over-estimated by 10%. Thus, the two errors cancel for the most part 
meaning that GFR can be estimated as the clearance of creatinine. The 
advantages of creatinine are that blood titers are very stable (no titration 
required) and creatinine is cost-free.  

• The GFR and plasma [creatinine] PCR are inversely related.    

• When ↓ functional glomeruli → ↓ GFR → ↓ CCR → ↑ PCR    

• Objective 5: The relationship between GFR and Creatinine 

• A healthy person’s plasma creatinine 
concentration is ~1mg/dL.  

• Plasma creatinine levels however then 
stabilize at 2mg/ml. Half the 
previous volume is being filtered, 
but that volume has TWICE the 
creatinine concentration, so the 
amount excreted is as normal.  

• Thus, the increase in plasma 
concentration results from the 
Decrease in GFR. 

• Thus- Plasma creatinine gives a 
reasonable indication of GFR.  

• BUT: If the GFR suddenly decreases by 50% due to renal artery obstruction, then 
only 50% as much creatinine will be filtered. Thus, creatinine excretion is 
reduced by 50%  

• Some drugs inhibit tubular secretion of creatinine, leading to a raised plasma 
[creatinine] even though GFR may be unchanged.  

• Blood urea nitrogen (BUN) is another marker of GFR. Blood urea is a nitrogen- 
containing breakdown product of muscle catabolism. BUN concentrations (mg/mL) 
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are about 10-fold higher than blood urea levels, but BUN values experience wide 
fluctuations depending up the ingestion of protein meals.  

BUN (10 mg/dL) ≈ 10 • PCR (1 mg/dL)  

• A good marker for volume contraction (hypovolemia) is an increase in the BUN to 
creatinine ratio above its normal value of 10 (ie> 20).    

Objective 6: Describe the Clearance of PAH and its relation to RPF 
• Consider the substance para-aminohippurate (PAH) which is filtered, secreted 

and excreted. In this case, the clearance of PAH has to exceed GFR because 
PAH is appearing in the urine at a faster rate than can be explained by GFR 
alone. Theoretically, if the dose of PAH were low enough  (eg: so as to be 
cleared on a single passage through the kidney, the clearance of PAH would 
have to be equal to the RPF (0.1mg/dL). This is so because the total amount 

of PAH coming to the kidney got there via 
arterial plasma flow.     

• However: 10% of PAH is not secreted and 
remains in the venous system. Thus:  

• RPF (exact renal plasma flow) = UPAH  V / 
(PaPAH - PvPAH) 

• ERPF (approximate or effective renal 
plasma flow) = UPAH  V / PaPAH 

•                                       CPAH (mL/min) = UPAH  
V / PaPAH  

• CPAH = ERPF (mL/min) = 600 mL/min 

• RPF = 1.1  ERPF (mL/min) = 1.1  600 
mL/min = 660 mL/min  

NOTE: PAH can ONLY be used to estimate RPF at LOW concentrations (eg: 
0.1mg/dL). At higher concentrations, secretion reaches a maximal point, due to 
saturation of the transporter see lecture on transport.  

• Objective 7: Clearance Ratios and Filtered Fraction 

• In summary, we can infer how the kidney processes unknown substances by 
computing their clearance values.  
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If Cx = GFR then X is only filtered and excreted. 

If Cx < GFR then X filtered, reabsorbed and possibly excreted  

If Cx > GFR then X is filtered, secreted and excreted  

• The same conclusions can be reached using clearance ratios (where Cinulin = 
GFR).  

If Cx / Cinulin = 1.0 then X is only filtered and excreted  

If Cx / Cinulin < 1.0 then X is filtered, reabsorbed and excreted  

If Cx / Cinulin > 1.0 then X is filtered, secreted and excreted  

• Consider the substance glucose which is filtered, reabsorbed and not excreted. In 
this case the clearance of glucose has to be 0 mL/min because absolutely no 
glucose is found in the urine (normal situation).    

Filtered Fraction 

The filtered fraction is defined as the ratio between the GFR and the RPF: 

FF = GFR/RPF 

In other words: what part of the RPF is filtered by the glomerular capillaries?  

The FF is normally ~20%; thus, 80% of the RPF is not filtered, and goes to the 
efferent arteriole, and then the peritubular capillaries. NOTE: some substances can 
still be excreted if they are not filtered if they are then secreted! 

The Filtered Load of any substance is the GFR x PX 

 


