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RENAL FUNCTION TESTES

“LIFE IS 10% WHAT HAPPENS TO YOU AND 90% HOW YOU
REACT TO IT”-CHARLES R. SWINDOLL

Color index:

= |mportant.

= Doctors notes.

= Extra explanation.

* Please check out this link to know if there are any changes or additions.
**We advise you to study physiology “renal clearance” and “GFR” lectures, before studying this lecture .
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https://docs.google.com/spreadsheets/d/1-pvyrKsAL_CQ7zV19Nn-Wa97Tjclg6epnTbf10bWU4w/edit?usp=sharing
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- What is “‘creatine phosphate” ?

Creatine phosphate is a high energy compound that acts as a storage form of energy in the muscles.

- What does it provide?

It Provides a small but, ready source of energy during first few minutes of intense muscular
contraction.

Notes:

-The amount of creatine phosphate in the body is proportional to the muscle mass
I large muscle mass : I* amount of creatine
- The amount of creatinine and creatine phosphate are also proportional to muscle mass
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 Notes: i
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**Creatine phosphate ° Urine

@Creatine and creatine phosphate spontaneously

@ Creatinine will leave muscle cell and get excreted in the urine.

‘ *Creatinine

Plasma

(2) Glomerular

filtration

form creatinine as an end product.

*Serum creatinine is a sensitive indicator of kidney disease (Kidney function test) and increases with the
impairment of kidney function And it means that the excretion of creatinine by the kidney is decreased



Know the physiological functions of the
kidneys.

Describe the structure and function of the
nephron.

ldentify the biochemical kidney function tests
with special emphasis on when to ask for the
test, the indications and limitations of each
kidney function test.

Interpret the kidney function tests properly.
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- J— kidney function test

Routine kidney function test include the measurement of :

: l l

Serum creatinine. Creatinine clearance. Serum urea.
It shows how well your kidneys are | It measures how well creatinineis | | It measures the amount of urea in
: working. A high level may mean your . removed from your blood by your . your blood. Urea is a waste '
. Kidneys are not working as they should. | ! \igneys, The test is done on both a i . product made when protein is
. The amount of creatinine in the blood . | blood sample and on a sample of urine . broken down in your body. Urea is
. depends partly on the amount of muscle .| collected over 24 hours. - made in the liver and passed out
: tissue you have. Men generally have T . of your body in the urine.

higher creatinine levels than women.

Both serum creatinine and creatinine clearance are used as kidney function tests to:

l l l

Give an idea about the severity of the disease. Follow up the treatment.

Confirm the diagnosis of renal disease.
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“ What is it?
It is the end product of creatine catabolism.
Normal value = 55-120 micro-mol/L in adult

100% of serum creatine

98% of the body creatine 1-2 % of total muscle creatine or
creatine phosphate pool

it functions as store of high
enerqgy In the form of creatine

is converted daily to creatinine through
the spontaneous, non enzymatic loss of

phosphate.
water or phosphate.
Note
although the creatinine is secreted from muscle, we use it as a
. kidney marker because it is converted daily from creatine to
Helpful video ' creatinine spontaneously without an enzyme. if there were an

' enzyme it will be an unspecific marker. .
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https://youtu.be/Nxj3Lxx1bR8
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oo Serum creatinine

. *for example: if we have

____________________________________________

. 100 pmol/L creatinine in . N s : N | That means if we eat meat it |
' blood, it will be 110 umol/L not It's an ' won't rise the creatinine in
' in urine due to the | endogenous | . our plasma, because it will

i . |reabsorbed by « | :

. secretion of 10%. so we substance and ' be degraded and may be

: o the renal : |

: have more creatinine in | tubules not affe_cted by . excreted in feces. |
. urine than blood. . diet g

urine than blood. ——

filtered freely at
the glomerulus

4 N

It remains
fairly constant

ang secre}ed throughout
)’brT”a* adult life
tubules Plasma b 7
e [ T“““““““} creatinine T

. That means the serum creatinine test is
. better than creatinine clearance.

3 ) el e I Gl i) o L S 13 |

. Afferent arteriole is more dilated - it has
: higher pressure ->the filtration takes place
i (not passive nor active transport)

' (10 % of urinary creatinine is secreted from the capillaries around the ¥ @ U““\USM OB J“’{L.;.JUP% -“" Jstll Jane |
' proximal tubules) i A J8 7)) elall o A i 1Y) oSl e sl
| | D S gl ¢ Sl 0 Y Oyl
' So if we want to calculate the GFR we subtract 10% of the creatinine LAY 1 o i e e sl & ol S |

' clearance, because we want to glomerular rate only. ol sl Ok Wl ) S G o yaally 4 Hlie s e |
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T reatlnlne clea rance
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|

< Whatis “Clearance’”?

it is the volume of plasma cleared from the substance excreted in urine per minute.

In other words, the volume of plasma from which a substance is completely removed by the kidney in a given amount of
time (usually a minute).

% It could be calculated from the following equation:
48 Jadd bl 1 Jadli L glile
Clearance (ml/min)= U x V «— mmfjfj;\tjw
P

clearance WK
Jicreatinine serum

V= Volume of urine per min E—

_ e ————— e — 9

I This equation is not accurate , because
| the urine volume is not constant.

- - __4
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% Values:

In children:

the GFR should be related to surface in the 20-40'year old adults:
area, when this is done, results are
similar to those found in young
adults.

Creatinine clearance is usually about 110 ml/min

Kidney function is proportional to kidney size, which is proportional to body
surface area. In young adults, there’s a normal mean value of the body surface
which is 1.73 m2, while it is variable in children “that’s why we should relate the
GFR to surface are in children”.

in individuals over
80 years of age:

It falls slowly but
progressively to about
70 ml/min
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*» The creatinine clearance test is used to estimate glomerular filtration rate (GFR).

L)

- gives an estimation of the degree of renal impairment by disease.
- provides a useful index of the number of functioning glomeruli.

Accurate measurement of GRF by clearance tests requires determination

of the concentration in plasma and urine of a substance that is:

Its concentration
in plasma needs

Freely filtered Easily tcz;re‘:::rl‘r;s

at glomeruli. measured. throughout the

eriod of urine
llection.

Neither Better if the
b o sia sl o3b gaea reabsorbed substance is ol Sl i ] g |
L Apalal i e e S0 | nor secreted present | ot I 3 o Sy e |
by tubules endogenously i Al 380 o e o ) ol |

10% of urinary Creatinine is
secreted by renal tubules.

|
|
|
oY i
|
|
|
|
|




D~ cockeroft-Gault Formula for Estimation of GFR
|

- the creatinine clearance is measured by using a 24-hour urine collection, but this does introduce the

potential for errors in terms of completion of the collection
YA (53 ¢ Y Laada Splaia¥l dna il oS G Jb plaia) sdie D 5l € 3w oS 4ae 23y da et |y albay o paddl) (el e e VA (any iAo la YE JDA () sall paani -
s gaend oo L an ) pgiad Ay Albleo se jial Bllaidle (e iyl Aagis Jlo il e 8 5 qanil) (S 3585t s oS0 ole Chning g iy (g yal) Usa

- An alternative and convenient method is to employ various formulae devised to calculate creatinine
clearance using parameters such as serum creatinine level, sex, age, and weight of the subject.

_____________________________________________________________________________________________________

the creatinine clearance’s measurement can be inaccurate due to
some mistakes during collecting the urine. that's why we use the
cockcroft-gault formula because there's no need for collecting

_____________________________________________________________________________________________________

Extra information:
A 24-hour urine collection is a simple lab test that measures

e o e A 10 P

i what's in your urine. The test is used to check kidney i __:E%:%m‘

_____________________________________________________________________________________________________
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https://www.urmc.rochester.edu/encyclopedia/content.aspx?ContentTypeID=92&ContentID=P08955

g) Cockcroft-Gault Formuila for Estimation of GFR
|

From this formula we can
conclude that:

K x (140 — age) x Body weight

| |
| |
| |
GFR = | |
. . | - Serum creatinine is inversely |
Serum creatinine (Hmom—) | proportional to GFR, so high |
| serum creatinine levels mean |
!_that the GFR is low. i
Kis a that varies with sex:

The constant K is used as females

- 1.23 for male have a relatively lower muscle mass.

-1.04 for oo
muscle mass

creatinine
Serum the diet is Low muscle )/ Olesligy vl
It should not creatinine unusual mass, e.g | (2 8 SAE]
> . - : . S Obesity . GFR even if
be used if: is changing e.g., strict muscle | creatinine
rapidly vegetarian wasting ' cerum is high.
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Serum creatinine is a kidney function test than creatinine clearance.. Why?

Serum creatinine is more Serum creatinine level is
accurate constant throughout adult life

| we use creatinine clearance |
for early renal disease due

' to its tight range. as for

' creatinine serum its range is
wide and therefore it won’t |
' indicate impaired renal

|+ Assessment of possible kidney donors. : function unless its highly
' raised.

— Patients with early (minor) renal disease.

is only
recommended in:

Detection of renal toxicity of some nephrotoxic
drugs.

435 Biochemistry Team



Lo NORMAL ADULT REFERENCE VALUES:

Urinary
excretion of
creatinine is:

0.5-2.0g per 24 hours in a normal adult, varying according to
muscular weight.

Serum

e 55-120 ml/min
creatinine ;

90 - 140 ml/min

Creatinine

clearance: 80 -125 ml/min

raised Serum creatinine:
a good indicator of impaired renal function

normal serum creatinine
does not necessarily indicate normal renal function, as serum creatinine
may not be elevated until GFR has fallen by as much as 50%

NA2AE Rinrharmickris Toaarm



% Urea s formed in the liver from ammonia released from deamination of amino acids.
s Its normal level = ( 2.5-6.6 mmol/L) in adult

«» Ureais increased due to dehydration.

As a kidney function test, serum urea is inferior (secondary) to serum creatinine

— because:

Any condition of T

50 % or more of urea

proteins filtered at the
High protein C??L?S%I);;n glomerulus is

passively
reabsorbed by the
renal tubules.

diet increases

: syndrome, diabetes
urea formation

mellitus, starvation,
thyrotoxicosis) —1
urea formation.

. G . L . .
DY) Cua e i il Sy | o ,
1- serum creatinine. : i Urea ﬁs a wastg prodL.Jct made when protein is broken fllown in your body. i
| i Urea is made in the liver and passed out of your body in the urine. |

2- serum urea. |

|

|

3- creatinine clearance.

_____________________________________
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1.Kidney functions in

A. Cori’s cycle

B. Water and salt balance
C. Protein filtration

D. None of the above

2.Creatinine secreted by renal tubules equals
what percentage of urinary creatinine

A. 10%

B.5%

C.15%

D. 20%

3.To measure glomerular filtration you need a

substance that is

A. Exogenous

B. Reabsorbed by renal tubules
C. endogenous

D. Has limited filtration

4.Creatinine clearance is recommended in
A. Minor renal impairment.

B. Renal failure

C. glomerulonephritis

D. Cystitis

5.Urea formation is increased with
A. Protein anabolism

B. Diet without meat

C. High carbohydrate diet

D. Cushing syndrome

6.Which of the following is the most superior
kidney function test

A. Serum urea

B. Serum creatinine

C. Creatinine clearance

D. All are the same

435 Biochemistry Team
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MCOs 2 SAQs

7.Cockgroft-gault formula should not be used

with

A. low muscle mass patients
B. Vegetarians

C. while exercising

D. All the above

8.Serum creatinine is better than creatinine
clearance because

A. more accurate

B. It keeps changing

C. Normal levels indicate normal function

D. None of the above

9.Most renal diseases affect
A. proximal tubules

B. the glomerulus

C. Complete nephron

D. distal tubules

** A 35 year old male smoker was diagnosed with small
cell lung carcinoma. He is undergoing chemotherapy to
eradicate the cancer. The drugs used in the treatment
plan are known to be nephrotoxic.

-  What is the recommended test to asses kidney function?
Creatinine clearance is measured in this case.

+* A 20 year old woman came to the emergency room after
three days of excessive vomiting and diarrhea with fever
and excessive sweating.Predict the level of urea and
serum creatinine in this patient.

This is a case of hypovolemic shock

So creatinine level will be NORMAL but urea concentration
will be HIGH.

Doctor Rana said that this is an important case.

435 Biochemistry Team
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+* A 60 year old male brought to the emergency room by son ,known case of diabetes (with no known cardiac
disease) .Patient presented with abnormally dark skin, excessive thirst ,he also reported blood in his stool
.His physicians are concerned with the possibility of renal impairment.

A- Evaluate the glomerular filtration rate to determine renal function. Calculate the GFR knowing that the patient
weighs 78 kg ,with serum creatinine 198=micromol/L.

(K=1.23)

GFR=(Kx(140-AGE) x BODY WEIGHT) +~ SERUM CREATININE

GFR=(1.23%(140-60) x 78) +198 =38.7ml/min

B- Does the patient suffer from renal impairment? Explain your answer.
Yes ,because the GFR is significantly below the normal value which is about 125 ml/min

/

s Why is cockcroft — gault formula not used for calculating GFR in obese patients?

Because obese patients obviously have increased body weight which will lead to an increased GFR even if kidney

impairment is present.So the use of this formula will lead to false assessment of renal function and hence a false
diagnosis

435 Biochemistry Team
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https://twitter.com/435biochemteam
https://ask.fm/biochemteam435

