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Kidney Function tests: 

Kidneys get rid of certain substances (presumably wastes) and dump them in urine, 

so in order to see whether the kidneys are properly functioning or not, we order 

certain blood and urine tests (it is only logical to see the amount of such wastes in 

the blood to know the status of your kidneys). Each test (whether blood or urine) 

provides us with a distinct kind of info about kidney function. The most important 

test result is the GFR (glomerular filtration rate- volume of fluid filtered from 

glomerular capillaries to Bowman space per unit time). 

Last time we talked about inulin and its clearance as a way to measure the GFR. 

Inulin is an exogenous material that we use, and when it reaches the glomerulus, it is 

freely filtered (it can be filtered -passively diffuse- from the capillaries to Bowman’s 

space until its concentration on both sides is equal, so there’s no limit to its filtration 

–Remember that materials with a molecular weight less than 70,000 Dalton are 

freely filtered ), and it is not reabsorbed or secreted (This tells us that inulin in urine is 

solely due to filtration) and that its use is very helpful in determining the GFR. The 

problem with its use is that we first need to inject inulin, then wait until its blood 

level is stable (homogenously distributed, and its excretion rate equals its 

administration/Injection rate so that its blood concentration is constant), and this 

nearly needs 8 hours, which is not favourable practically speaking (except for 

research purposes). 

What we really do is that we test for an endogenous substance which is creatinine. 

[Creatinine is a waste product of protein catabolism in muscle tissue, so it is present 

in high amounts when the muscle mass is high, e.g. body builders, while it is low in 

children. Also, its blood level rises after muscle trauma, due to extra-pouring of it 

into the bloodstream]. Normally, it is released from muscles to the bloodstream at a 

constant rate/level. From there, it is delivered to the kidneys which remove it 

through the urine. Creatinine molecular weight is 114 Da (much less than 70,000), so 

it is freely filtered through the capillaries. The blood level of creatinine is stable 

because its rate of production from muscles = rate of excretion by the kidneys. 

Normally, creatinine rate of production = rate of excretion. 

Normally, we produce around 1.5-2 g/day of creatinine. So for a 24 hour period, the 

kidneys excrete around 1.5-2g/day of creatinine to keep creatinine balance 

(creatinine homeostasis). It is only logical to say that children, who produce less 

creatinine, also excrete less per day, while bodybuilders produce more, and 
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subsequently excrete more in urine. Don’t forget that generally, females have less 

muscle mass than males and thus produce and excrete less creatinine. 

In order to use a glomerular marker (a marker to estimate the GFR), it must have 3 

criteria: 

1- It must be freely filtered 

2- It must not be reabsorbed 

3- It must not be secreted 

The first two conditions are well met by creatinine, but the problem is that it is 

slightly secreted from the proximal tubule. The problem with this is that urine 

creatinine is not solely due to filtration; rather, it is a mixture of filtered (90%) plus 

secreted (10%) creatinine, so this amount will overestimate the GFR. 

 For example, let us say that the glomerulus filters 125 ml of plasma per minute (Per 

one minute, 125 ml of plasma go from the capillaries to Bowman space, so the GFR= 

125 ml/min), and this plasma contains creatinine of 1mg/dl, so we’ll say that per that 

minute, the Bowman space received 1.25 mg of creatinine (filtered load). Now : 

 

(1) If creatinine is not secreted or reabsorbed, then this 1.25 mg will reach the urine 

as is, and when we see 1.25 mg of creatinine in urine , while knowing that creatinine 

plasma concentration equals 1 mg/dl, then we’ll automatically say that the kidneys 

filtered 1.25 dl (125 ml) of plasma (this is the GFR, but this doesn’t occur normally). 

(2) If the secretion process adds around 0.125 mg of creatinine (10%), this causes 

urine to now hold 1.375 mg (1.25 filtered and 0.125 secreted) of creatinine, and by 

knowing that creatinine plasma concentration equals 1 mg/ml, by considering 

creatinine to meet all 3 conditions, we’ll falsely think that the glomeruli actually 

filtered 137.5 ml of plasma, which is not true (this is an overestimation of the GFR 

because of secreting extra creatinine in urine, so in order to know the real GFR, we 

must know how much creatinine were really secreted). 

Note:  

1-Filtered load: the amount of creatinine filtered to Bowman space per minute. 

2-(Filtration + secretion – reabsorption = excretion), so if urine contains X amount of 

creatinine, we call this amount as the excretion rate of creatinine (the final/total) 

3- Creatinine clearance: volume of plasma cleared from creatinine per unit time. So if 

we clean 50 ml from creatinine totally, the clearance is 50 ml/min. Stated another 

way: it is the volume of plasma that provides creatinine for excretion.  

These 3 conditions confer that this marker’s 

presence in urine is solely due to filtration, so 

seeing urine and plasma concentrations will 

help in directly determining the GFR. 
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It is calculated as follows: 

Ccr = (Ucr/Pcr) * V.  …………………....where: Ccr: clearance of creatinine (dl 

plasma/min), Ucr: concentration of creatinine in urine (mg/dl urine), Pcr: 

concentration of creatinine in plasma (mg/dl plasma), V: urine output (dl urine/min). 

According to this equation regarding (2) case above (LOOK AT (2)), the excreted 

creatinine > filtered creatinine by 10%, so clearance (which provides creatinine for 

excretion (TOTAL)), will be higher than the real GFR (provides creatinine for filtration 

only), thus being a bad estimate of GFR. 

However, when we measure plasma creatinine, we measure total creatinine (free 

circulating (90%) plus protein bound (10%). Remember that only the freely 

circulating creatinine is available for filtration. So in the clearance law above, Pcr 

should actually be the free circulating creatinine only, but our labs can only measure 

total creatinine. Think about it this way: Ucr overestimates filtration because it is 

higher by 10% (due to secretion), while measured Pcr also over-estimates filtration 

because it is the total concentration (it is 10% higher than Pcr available for filtration), 

and this causes: Ucr (overestimated by 10%)/Pcr (overestimated by 10%) = NORMAL 

clearance [so the final creatinine clearance will be a good estimate of GFR, because 

the overestimations in both values cancelled each other). 

To measure GFR, we use creatinine clearance, even though the volume of plasma 

that provides creatinine for excretion is higher than the GFR ; due to creatinine 

secretion from the peritubular capillaries. This is because of overestimation of 

creatinine plasma measurement, which approximates Ccr to the GFR. 

How to measure creatinine clearance? 

I need to know Ucr, Pcr, and V: 

→V?? How much urine you excrete per unit time (min), and is usually around 1 ml 

urine/min. What we actually do is that we give the patient a bag, and tell him to 

urinate in that bag for the next 24 hours. Normally, around 2000 ml are collected 

(urine output per day), then divide 2000/(24*60) = 1.3ml/min. 

→Ucr?? Take a sample from those 2000 ml, and measure creatinine concentration. 

We take the sample from those 2000ml (that were produced through 24 hours) but 

not a single time urination measurement, because depending on what you eat for 

example, your urine might instantly contain higher or lower creatinine level, so it is 

better to collect urine for 24 hours and take the sample from there rather than a 



Page | 5  
 

spot urine measurement (one urination act). So the 24 hour measurement reflects a 

stable (the average if you want) level of urine creatinine concentration. 

Drawbacks of this method: it is hard to ask patients to collect all their urine in a 

bag for 24 hours. This is especially true for the two extremes of age, children and 

elderly; because either playing outside or senile dementia will hinder this collection 

(the patient will forget about the bag and go to the bathroom instead), and most 

likely when doing so, the patient decides not to return back to you, so you end up 

waiting for the patient, but he/she never shows up. 

So we only perform 24h urine collection and creatinine clearance measurement in 

certain circumstances of certain patients. But we need an alternative, so… 

Actually, we revert to equations to calculate GFR, but unlike creatinine clearance 

which provides the true GFR, we calculate an estimated GFR. These equations are 

preferred because it was found that the estimation is around 95% accurate. There 

are so many equations, but we’ll only come across two (one for adults and one for 

children): 

[1] Cockcroft – Gault equation: 

eGFR = ((140 – age) *IBW)/ (72*Pcr)………………………..where: 

eGFR: estimated GFR (ml/min/1.73 m2 body surface area), IBW: ideal body weight 

(kg), Pcr: concentration of creatinine in plasma (mg/dl) (blood sample -just one time) 

Note: (1) This equation is useful for adults 

           (2) We use IBW instead of true body weight because creatinine is concerned 

with muscle mass, and an overweight person (a lot of fat) will not give an accurate 

GFR (overestimation -thinking that he has a lot of muscles and a lot of creatinine 

produced). This also means that since females have less muscle mass than males, the 

final eGFR value is multiplied by 0.85 (further decreasing it). 

Example: A blood sample is taken from a 20 year old male to determine his blood 

creatinine level. The results showed Pcr of 1 mg/dl. The patient is 183 cm tall and 

weighs 90 kg. What is his eGFR?  

eGFR = ((140 – 20)* 83)/(72* 1) =  138 ml/min/1.73 m2 body surface area. 

[2] Schwartz equation: 

eGRF = (height /Pcr) * K 
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**K is a constant that is affected by age (below 13 years of age -> K= 0.55 

males older than 13 years (adolescent)-> K = 0.65 

females older than 13 years (adolescent)-> K = 0.55) 

**Height (cm), Pcr (mg/dl) 

Note: (1) This equation is useful for children 

          (2) Don’t forget that children have less muscle mass, so Pcr will be low (normal) 

Example: A blood sample is taken from an 11 year old male to determine his blood 

creatinine level. The results showed Pcr of 0.4 mg/dl. The patient is 110 cm tall and 

weighs 37 kg. What is his eGFR? 

eGFR = (110/0.4) * 0.55 = 151 ml/min/1.73 m2 body surface area. 

• These equations are used in order to escape the utility of 24h urine collection (not 

practical). They are preferred because of their high accuracy (95%). However, in end 

stage renal failure patients, these two equations are not as accurate and are thus not 

preferred; because they overestimate the GFR (they result in an eGFR of 15 for 

example while the real is 5). We then refer to other equations for such special cases. 

In end stage renal failure patients the GFR is very low, and urine creatinine is mostly 

(if not totally) due to secretion, so the clearance overestimates GFR for real, so we 

just need to use the special equations. 

• In all used equations, you must note that eGFR is inversely proportional to Pcr, but 

why is that? You have to understand that muscles release creatinine into the blood 

which delivers it to the kidneys, which throw it in urine to be excreted out.  

Lets say that if the GFR is 100 ml/min, and Pcr = 1 mg/ml, this means that per 

minute, filtered creatinine equals 100 * 1 = 100 mg (filtered load = 100 mg/min) so 

Creatinine filtered load = GFR * Pcr 

• What is produced of creatinine must be excreted, so if you produce 2 g of creatinine 

per day, then by any means possible, your body will have to excrete these 2 grams 

out, so I have to ensure that creatinine filtered load is constant. If the GFR is reduced 

(for any reason the patient has 1 million nephrons instead of 2 million), how will this 

constant FL be accomplished? By the above equation, it is evident that in order to 

maintain the filtered load of creatinine constant, we need to increase the Pcr 

whenever the GFR is decreased. So if GFR is halved, the Pcr is doubled (to maintain 

constant filtration load). This is the cause of the inverse GFR and Pcr relationship. 

• When you see a high plasma creatinine concentration, you should know that the 

GFR is compromised. Where is our problem as doctors? Some labs assign a very wide 
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reference range for Pcr, like (0.6 – 1.4 mg/dl), so imagine a patient having a Pcr of 0.6 

(normal) who took a nephrotoxic drug that compromised his GFR to half its value, 

with resultant increase in Pcr to 1.2 mg/dl (also normal??? LATE DIAGNOSIS) 

So remember this: in cases/drugs that might decrease the GFR, it is not enough to 

measure the Pcr; it is vital to see previous readings (baseline values) and compare 

with them. 

• After the age of 40, the GFR decreases by a rate of 1% per year (physiologically), so 

in older patients (80 year old for example), DON’T EXPECT a GFR OF 125 ML/MIN. A 

GFR of 50-60 ml/min would be absolutely normal (Normal and abnormal are 

determined by certain tables containing age, Pcr, and GFR). 

******************************************************************* 

• The most important kidney function test is the GFR. In all the methods we came 

across, we used creatinine. You must be familiar with these terms: 

KFT (Kidney function test), you measure urea, creatinine, electrolytes. 

LFT (Liver function test), you measure certain proteins and enzymes (ALT/AST) 

PFT (Pulmonary function test), you measure lung volumes and capacities. 

• Some labs put Pcr as mg/dl, while others prefer micromol/L. The conversion factor 

is by multiplying with 88.4 mg to get the result in micromol. 

• Urea is a precursor of ammonia which is toxic to the brain, so we must get rid of 

this urea. Kidney failure patients have uraemia (high blood urea). 

• Creatinine vs. Urea measurement: 

(1) Creatinine does not fluctuate much during the day (mostly stable regardless of 

food intake and physical activity), while elevated blood urea level can be 

observed –even from extrarenal causes, e.g. GI bleeding, dehydration, 

physical exercise, thyrotoxicosis (hypercatabolic state), burns, and increased 

protein intake. So cases with elevated urea and normal creatinine mean 

normal kidneys. There are no circumstances where creatinine level is high 

whereas urea level is not, because creatinine is more sensitive than urea, and 

its elevation specifies renal problems, so it’s a pure KFT. 

(2) Due to that, we primarily measure creatinine levels while the urea test is just 

an adjunct. We could also benefit from Urea/creatinine ratio to determine 

whether the kidney failure is due to prerenal, intrarenal, or postrenal causes, 

or if prerenal causes progress to become intrarenal. For example, a patient 
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with hypovolemic shock (e.g. severe bleeding), or heart failure develops acute 

renal injury due to a prerenal cause. If this condition stays long enough 

without intervention, the damage occurs to the kidney itself (intrarenal cause) 

–think of it as being potentially reversible becoming totally irreversible. 

*********************************************************** 

➢ GFR must remain in the normal range. Too high or too low GFR is bad, 

because: 

I. Valuable substances (e.g. amino acids and glucose) that are filtered 

through the glomerulus are later reabsorbed to the blood. This 

reabsorption is an active, carrier-mediated process, and these carriers 

might become saturated at some level if the filtered load is very high. 

Too high GFR will overwhelm these carriers and cause loss of amino 

acids and glucose that is not affordable by our bodies. So too high GFR 

causes amino acidurea and glycosurea/glucosurea. Please remember 

that the average amino acid weight is 110 Da while glucose weighs 180 

Da, thus both are freely filtered.  

II. Too little GFR causes the build-up of toxic compounds such as urea, uric 

acid, and creatinine in the body and all sorts of their toxicities. 

For these reasons, the GFR must be auto-regulated; meaning that the kidneys 

maintain a constant GFR regardless of the extrarenal circulation/environment 

(e.g. the blood pressure). 

We previously said that the GFR is a result of 3 forces: 

1. Glomerular hydrostatic pressure (PGC), which equals 60 mmHg. 

2. Glomerular Oncotic pressure (C), which equals 32 mmHg. 

3. Bowman space hydrostatic pressure (PBS), which equals 18 mmHg. 

The GFR is a flow, so it is determined by Ohm’s law (Flow = Driving force/ 

Resistance ➔ Flow= Driving force * K (permeability)) and the GFR can be 

increased by increasing the driving force, or the permeability, or both. PGC 

favours filtration, while C and PBS oppose it, so the driving force for filtration 

equals 60 – (32 + 18) = 10 mmHg. In some cases, the permeability increases, 

like if there is an inflammation of the glomeruli, the capillaries become more 

permeable to substances and proteins, which enter the Bowman space and 

withdraw water towards them (osmosis), so the GFR increases. 
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K = (125 ml/min)/ 10 mmHg = 12.5 ml/mmHg.min → the idea is that if I know 

the GFR (measured as stated previously) and the driving force (later 

mentioned), I can calculate the permeability. 

 Of the three forces regulating the GFR (PGC, C ,and PBS), PGC (Glomerular 

hydrostatic pressure) is the only controllable one [ you can’t control the rate of 

protein production by the liver just so that you want to regulate the GFR]. 

Glomerular capillaries are 

preceded by Afferent arteriole 

and is followed by the Efferent 

arteriole. If the afferent arteriole 

dilates → more blood to 

capillaries → this fluid’s 

hydrostatic pressure in the 

capillaries (PGC) ↑→ GFR↑. 

Conversely, afferent arteriole constriction reduces the glomerular hydrostatic 

pressure and GFR. 

Normally, the afferent arteriole is dilated under the effect of prostaglandins and 

nitric oxide (NO), so antiprostaglandinic drugs (COX inhibitors (NSAIDs like Aspirin, 

ibuprofen, diclofenac…)) used chronically decrease the GFR. This is especially 

important in elderly patients who have residual knee or back pain and need chronic 

NSAID therapy. These patients’ GFR must be tested (simply by seeing Pcr, this is done 

at time 0 of taking the drug, after the 1st week, after 6 weeks, and every 3 months 

because you never know. Aging patients might reach a breaking point (after which 

renal function deteriorates) without knowing so we must test periodically. 

If nephrotoxic drugs (including NSAIDs)→ perform periodic KFT 

-MAP at the beginning of the 

afferent arteriole = 85 mmHg. 

-MAP at the end of the afferent 

arteriole and in glomerular 

capillaries = 60 mmHg 

-The afferent arteriole is great 

grandson of the aorta, which has 

a MAP of 100 mmHg. The 

problem is that this 100 is not constant, so it drops to 90 when you sleep, and rises to 

120 mmHg when you exercise. The problem is that the filtration driving force (10 
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mmHg) depends on the 60 mmHg which originally came from the100 mmHg, so we 

can’t afford to couple filtration with the MAP (the GFR must stay constant regardless 

of changes in the BP, the kidneys must preserve the GFR unaffected/UNCOUPLED to 

changes in MAP). This uncoupling is called the auto-regulation of GFR. 

 

If MAP fluctuates anywhere between 70 – 150 mmHg, GFR is not affected (constant). 

Clinically: if you are in the operation room and you want to lower the blood pressure 

to reduce bleeding, the anaesthetic MUST pay close attention not to reduce BP 

below 70 because the GFR will be compromised, and the patient’s urine output will 

be zero (we catheterize the patient with Foley’s catheter before the operation, but 

when his BP is too low, the urine bag is not filled anymore). 

Also, severe bleeding triggers physiologic compensatory mechanisms that cause 

blood pressure elevation, in order to prevent renal injury and GFR compromise. 

 

 

 

Thank You 


