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IE:!EI KIDNEY FUNCTIONS

Urine formation
Fluid and electrolyte balance
Regulation of acid-base balance
Excretion of the waste products of protein metabolism
Excretion of drugs and toxins
Secretion of hormones
Renin
Erythropoietin
1,25-Dihydroxy vitamin D,

Prostaglandins



Endocrine links in the kidney
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:and excretion
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Renal physiology & diuretics

Proximal part Distal part

Creatinine, Antiobiotics,
Diuretics, Uric acid
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Iﬂ:uial CLINICALLY SIGNIFICANT NONPROTEIN NITROGEN COMPOUNDS

APPROXIMATE PLASMA APPROXIMATE URINE CONCENTRATION
COMPQUND CONCENTRATION (% OF TOTAL NPN) (% OF EXCRETED NITROGEN)
Urea 45-50 86.0
Amino acids 25 —
Uric acid 10 17
Creatinine 5 4.5
Creatine 1-2 —

Ammonia 0.2 2.8
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Urea L ‘

UREA NITROGEN®

| Adult Urea concentration= *2.14
Plasma or 620 mg/dL  2.1-7.1 mmol/L Mmol/L= *0.36
Serum
Urine, 24 h 12-20 g/d 0.43-0.71 mol
urea’d
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URIC ACID (URICASE METHOD)®

Plasma or
Adult Serum

Male 35-7.2mg/dL 0.21-0.43 « s
mmol/L M‘ Hﬂ‘

Female 26-60mg/dL  0.16-0.356
mmol/L

Child 2.0-5.5 mg.i’dL 0.12-0.23
mmeol/L

Adult Uring, 24 h  250-750 mg/d 1.5-4.4
mmaol/d
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CREATININE P - .
Adult Plasma lJaf'fe methodJ lEnzyma‘ticJ

or serum method
Male 09-1.3mg/dL  0.6-1.1 mg/dL
(80-115 pmal/L)  (53-97 umol/L)
Female 0.6-1.1 mg/dL 0.5-0.8 mg/dL
(53-97 pmol/L) (44-71 pmol/L) - -
Child 0.3-07mg/dL  0.0-0.6 mg/dL :4.\ \ - |
(27-42 umol/L) (0-53 pmol/L)
Adult  Urine,
24 h
Male 800-2,000 mg/d
(7.1-17.7 mmol/d)
Female &00-1,800 mg/d
(5.3-15.9 mmol/d)
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Investigation of Glomerular
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Clearance: the volume of plasma from which a measured amount of
substance can be completely eliminated into the urine per unit of time
expressed in milliliters per minute.
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Glomerular filtration rate (GFR) (=8 zmdi)l) Jaze
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GFR :is the volume of plasma filtered (V) by the glomerulus per unit of
time (t).
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Creatinine clearance (ish Sl ddal
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Estimated GFR (eGFR) (Aeddl) sl c-&}\ Jira
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I, Cockcroft-Gault equation (ml/min) : includes four variables—
serum creatinine concentration, age, gender (sex), and weight.

. (140-Age) x Weight(kg)
GFR (mL/min) = % (0.85 if female)
72 % SCI_{mg,de}

2. Maodification of Diet in Renal Disease (MDRD)equation
(ml/min/1.73m?2): includes four variables—serum creatinine
concentration, age, gender (sex), and ethnicity—and makes the
assumption that all filtered creatinine is excreted.

eGFR(ml/min/1.73 m?) = 175 x (5 yLI5y (Scr is serum (plasma) creatinine
(A e)0.203 y (0.742 if fenale) X concentration in mg/dL and age is in
8 years. Results are normalized to a

(1210 if African-American) standard body surface area (1.73 m2).




Cockcroft-Gault Four-variable (‘simplified’) MDRD

equation
Developed in the mid-1970s Developed in the late 1990s
Incorporates age, sex and weight Incorporates age, sex and ethnicity*
Widely used to calculate drug dosages Widely used on biochemistry reports

Developed in a population with reduced GFR  Developed in a population with
reduced GFR
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Chronic kidney disease staging system using GFR:
*Stage I: GFR 90 or greater (normal kidney function)

*Stage 2: GFR 60-89 (mild decline in kidney function)

*Stage 3a: GFR 45 - 59 (mild to moderate decline in kidney
function)

*Stage 3b: GFR 30 - 44 (moderate to severe decline in kidney
function)

*Stage 4: GFR 15-29 (severe decline in kidney function)

*Stage 5: GFR less than |5 (kidney failure, usually requiring dialysis)
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J Cystatin C:

is a low-molecular-weight protein produced at a steady rate by most
body tissues. It is freely filtered by the glomerulus, reabsorbed, and
catabolized by the proximal tubule.

Cystatin C is preferred to creatinine because: Levels of
cystatin C rise more quickly than creatinine levels in acute renal
failure. The concentration of cystatin C is independent of weight
and height, muscle mass, age (> 1| year) or sex and is largely
unaffected by intake of meat.

1 Other markers may be used, but are too costly and labour-
intensive to be widely applied (their use is mainly limited to
research or specialized nephrology settings such as screening
potential kidney donors).They include inulin, iothalamate,
iohexol and radioisotopic markers such as >' Cr-EDTA
(which is commenly used for estimation of renal function prior to
chemotherapy dose calculation in pediatric oncology units).
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Osmolality measurements in plasma and urine
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Serum 275-295 mOsm/kg ‘LLuu uﬂ Lﬁi) LAJ).\M :\_\j\).[jmi uQ)JAS
Urine (24 h) 300-900 mOsm/kg (1 ~ MJM\ dywy\ sz‘ d)_m dyw‘
Urine/serum ratio 1.0-3.0
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Random urine 50-1200 mOsm/kg
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:Urine pH and the acid load test
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Hyperchloraemic metabolic acidosis a2l u ) 5IS 1 B xa 381 yia
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I) Type I. There is defective hydrogen ion secretion in the distal
tubule that may be inherited or acquired.
2) Type Il. The capacity to reabsorb bicarbonate in the proximal
tubule is reduced.
3) Type lll. Is a paediatric variant of type | renal tubular acidosis.
4) Type IV. It happened as a consequence of aldosterone deficiency,

aldosterone receptor defects, or drugs which block aldosterone
action.
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:Renal stones 431811 sl (b

O Renal stones (calculi) produce severe pain and discomfort, and
are common causes of obstruction in the urinary tract.

O Chemical analysis of renal stones is important in the
investigation of why they have formed.

QO Types of stone include:

I. Calcium phosphate: may be a consequence of primary
hyperparathyroidism or renal tubular acidosis.

2. Magnesium ammonium phosphate (Triple phosphate):
are often associated with urinary tract infections.

3. Oxalate: may be a consequence of hyperoxaluria.
4. Uric acid: may be a consequence of hyperuricaemia.

5. Cystine: these are rare and a feature of the inherited
metabolic disorder cystinuria.




Frequency

Type of stone  in UK (%)

=

Metabolic cause
or relevant factors

alcium oxalate 80-55
stones and

mixed (calcium

Oxalate and

phosphate

stones)

Hypercalciuria (see
text), excessive
absorption of
dietary oxalate,
primary hyperoxaluria

5-10
ate stones 5-10
stine stones Approx. 1
anthine stones <1

Urinary tract
infection (fall
in [H*])

Gout,
myeloproliferative
disorders, high
protein diet,
uricosuric drugs

Cystinuria

Xanthinuria

Renal calculi
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Different mechanisms of proteinuria

Normal Overflow Glomerular Tubular Secreted

N N\ N\ N\

o

e.g. Bence Jones e.g. albuminuria e.g. Bo-or oy e.g.
proteinuna microglobulinuria  Tamm-Horsfall
proteinuna
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Renal failure



< Renal failure is the cessation of kidney function.
el e Sl a8 g (5 ISl Jlally aiaiy
< In acute renal failure (ARF), the kidneys fail over a period
of hours or days.

Ll

< Chronic renal failure (CRF) develops over months or

years and leads eventually to end-stage renal failure
(ESRF).

Loge Ol g o) el JNA Jadll ) ghay | e el (oK Jdll Ja 4
S0 Qi Ja e cpe ileil) Ayl ) peasl)
< ARF may be reversed and normal renal function regained,
whereas CRF is irreversible.
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Acute renal failure




Actiology duda jall cluall
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Pre-renal: the kidney fails to receive a proper blood supply.

Post-renal: the urinary drainage of the kidneys is impaired

because of an obstruction.

Renal: intrinsic damage to the kidney tissue. This may be due

to a variety of diseases (such as infection...), or may be a
consequence of prolonged pre-renal or post-renal problems.

1 1
Classliflcatlon:| Pre-renal 'Post-renal | Benal

Mechanlsm: Reduced éUrvetlari«C,-r : Intrinsic kidney
renal wurethral 1 tissue damage
perfusion iobstruction |
Examples: Blood loss Stones . Glomerulonephritis or
1 1 -
and 1or ' nephrotoxins

hypovolaemia |malignancy,




Diagnosis gl

A The first step in assessing the patient with ARF is to identify
any pre- or post-renal factors that could be readily
corrected and allow recovery of renal function.

a The history and examination of the patient, including the
presence of severe illness, drug history and time course of
the onset of the ARF may provide important information.

ad Factors that precipitate pre-renal uraemia are
usually associated with a reduced effective ECF
volume and include: blood loss, burns, prolonged
vomiting, or diarrhoea, diminished cardiac output, occlusion
of the renal artery...

3 As a response to the reduced ECF Both AVP and
aldosterone are secreted maximally, so just a small
volume of concentrated urine is produced.




Diagnosis gl

d Biochemical findings in pre-renal uraemia include:

a) Serum urea and creatinine are increased. Urea is
increased proportionally more than creatinine because of
its reabsorption by the tubular cells.

b) Metabolic acidosis: because of the inability of the kidney
to excrete hydrogen ions.

c) Hyperkalaemia: because of the decreased glomerular
filtration rate and acidosis.

d) A high urine osmolality.

3 Post-renal factors cause decreased renal function,
because the effective filtration pressure at the glomeruli is
reduced due to the back pressure caused by the blockage.

Causes include: renal stones, carcinoma of cervix, prostate,
or occasionally bladder.
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Acute tubular necrosis
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Management

Al (o olsl) Sl paai! dadall plaill aal G O

Jadl & Jaalall [adil) msaat Jie 4 S0 dnla s Jiile L) dallas (3
LAlSl) sl Al ) g slad) 2 la

(Y Anllae Jia) 4K A0V ) doa sall law) dAsllaa (b

1S S s A0S QS o) ) DA e Jas (e gall A8) e (c
Dy (adll il S8 jlan s asadl Ji) s 01 55 4l jo gy S
dlaall a guali sl il sise (il 5 LS Lgead ol Al 500 (500 4d jadl

OSI ) Aag oy B3L) sy Ja (B Al Dialysis @A Jaall (d
b Gales Alla Ggan ) s sauli gl




Craall (g oiSt) Juadl)

Chronic renal failure




Actiology duda jall cluall
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Consequences of CRF
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Periods of haemodialysis
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How hypocalcaemia and secondary

hyperparathyroidism develop in renal disease.

Progressive nephron destruction
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Clinical features 4 gyl yailaill

SKIN CNS and PNS
* Pruritus . L‘W
* Purpura = = * Peripheral neuropathy

S
* Hypertension
+ Pericarditis
* Anaemia
GIT
* Nausea and vomiting
GUS * Anorexia
* Impotence
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Q Renal transplant:
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