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- Examples of core biochemistry:
1-Na, K, HCO3:
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5- total protein
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6- Bilirubin
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9- T3, T4, TSH
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10- 6amma-glutamyltransferase
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- Sampling errors:

1- Blood sampling technique:
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2- Prolong stasis during venipuncture:
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3- Insufficient specimen:
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4- Errors in timing:
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Fig 3.2 Precision and accuracy.
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- Factors affecting the interpretation of results:
Sex.
Age.
Diet.
Timing.
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5- Stress and anxiety.

6- Posture of the patient.
7- Effects of exercise.
8- Medical history.

9- Pregnancy.
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- Common tests on blood performed away form the
laboratory:
1-Blood gases for acidosis and alkalosis.
2-6Glucose for DM.
3-Urea for renal disease. (4= J Ua i L )
4-Creatinine for renal disease.
5-Bilirubin: for neonatal jaundice.
6- Therapeutic drugs:
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.tacrolimus, cyclosporin, digoxin, phenobarbital, Tegretol
7-Salicylate: b oay A a
8-Paracetamol: ,ail sy A las
9-Cholesterol: for coronary heart disease.

10- Alcohol: for fitness to drive Gsw ) o shody (i b gy ny)
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- Tests on urine:
1-Ketones for diabetic ketoacidosis.
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Acetone, acetoacetate, 3-hydroxy butyric acid.




2-Proteins: for renal disease.
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3-RBC for renal disease.
4-Bilirubin: liver disease and jaundice.
5-Urobiliriubin: jaundice or hemolysis.
6-pH: acidosis/alkalosis.
7-Glucose: DM.
8-Nitrates: Urinary tract infection.
9-HCG: pregnancy or ovary/prostate cancer.
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Ficgg 4.0 How a pregnancy test kit works
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1-Alanine aminotransferase(ALT):
normal range :3-55 Unit/L.
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-muscle cancer: 300u/I.
-cardiac disease(MI, angina) :300-400u/L
-liver disease: 700u/L
-liver cancer: 1000u/L.
2-albumin:
sy Apadii-

hypo and hypernatremia, liver disease and malnutrition.
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3-alkaline phosphatase(ALP):
relag Audiy g B pall g alially 392 5a
bile duct stones, cholethiasis, jaundince.




4-amylase and lipase:
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6-bilirubin:
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A- conjugated bilirubin:
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B- unconjuated bilirubin:
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7- Calcium:
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8- chloride: for hyperpolarization (action potential).




9- cholesterol:
1 Al ey (Sas
1- increase synthesis of cholesterol.
2- from diet.
3-oversynthesis of LDL/VLDL.
4- reduce receptor of LDL/VLDL.
5- reduce lipoprotein lipase.

6-reduce synthesis of bile acid salt.
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10- C-reactive protein(CRP):
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11- Creatine kinase(CK):
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Creatine-Phosphate+ADP[=]ATP+ creatinine.
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12- creatine: for kidney function.
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13-6amma-glutamyl transpeptidase:
oA e Al Cpa Jag g 3 9o ga Sl
14-glocose:
for DM, normal level 80-120 mg/dL(or 4-5.5 mmol/L)
15- Glycated hemoglobin(HbA1c):
normal 6-7%.
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17- Iron:
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1-microcytic anemia: treated by iron and Vit C.
Lsaal) Galalel (4 3902 CU QR (o (el
2-megaloblastic anemia:treated by folic acid+ vitB12.
3-normocytic anemia:
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18-Transferrin% saturation:
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19- Lactate:
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1-pyruvate[~]lactate(by lactate dehydrogenase)
2-pyruvate[~]acetyl CoA(by pyruvate dehydrogenase)
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a-congenital lactic acidosis:
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b- lactic acidosis:
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20- lactate dehydrogenase(LDH):
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21- magnesium:
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23- Pco2,PH: for acidosis and alkalosis.

5




25- potassium:

for hypo and hyperKalemia and for electrolyte imbalance, and
important for kidney function.

28- triglyceride: treated mainly by exercise, fibrate, niacin(B3)
and omega 3.

29- urate(uric acid): for gout,
acute gout treated by colchicine, while chronic gout ny allopurinol.

30- urea:
Jud oliad)

31-cortisol: strong anti-inflammatory.




32-follicle stimulating hormone(FSH): secreted from pituitary
gland.

33- Free androgen index(FAI):

to measure level of testosterone+androgen.

34-growth hormone(GH):
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36- Human chorionic gonadotropin(HCG):

for ovarian and prostate cancer.
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38- oestradiol:
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39- parathyriod hormone(PTH):
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40- progesterone.

41- prolactine:
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42- sex hormone-binding globulin(SHBG):
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1-cations: in which Na main cation in ECF, while K main in in ICF.

2-anions: protein and phosphate main anions in ICF, while Chloride
and HCO3C main in ECF.
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Table 6.1 The principal clinical features of severe hydration disorders

Feature Dehydration Overhydration

Pulse Increased Normal

Blood pressure Decreased Normal or increased

Skin turgor Decreased Increased

Eyeballs Soft/sunken Normal

Mucous membranes Dy Normal

Urine output Decreased May be normal or decreased
Consciousness Decreased Decreased
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The osmolality of solution is expressed in mmol solute per Kilogram
of solvent, which solvent usually water.

-serum osmolality=2x serium sodium(mmol/L).
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Antidiuretic hormone (ADH) or other name is arginine
vasopressin(AVP).
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Kidney

2004, 2002 Cisevier Inc. All nain's resenved
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Increase Na and HCO3 reabsorption so decrease urinary Na
execretion and increase execretion of K and H+ in urine.
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Aldosterone Aldostert
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Na retention in response
to falling blood pressure

Na loss in response to
increased blood pressure

Fig 7.4 The regulation of sodium balance by aldosterone.

©2004, 2002 Elsewer Inc. AR ights resened.
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- Causes of Hyponatremia:
1-water retention:
S A Gl aal g o) camadl (e sl 1AL Alh g Cinds S (5 cplad) IS (e -
Ligaad) ol s e (compulsive water drink) ss
@ ) STAD ppie 05 slall g s hypoNa padis (Al GlS)-
Syndrome of inappropriate antidureisis.
(Aol gl g Bl « Y g 58 500 J Jasy S e QsS AVPY) s siaa (Sng
.5-0 &= 05 avpd)
tsiadd) clal s G-
.septicemia 0 (Saa LY Ladlad a ¥ g (s g3 =)
Aallad s 3 g malignancy (Sas-Y
.Chest disease ¢ss: -

BSowS Lalja Lles o) trauma ol A £ L -t
Alra 4y 9) Gupey (Saa-0

.hypovolemia ¢ kil %%

N,V e -V

e 05 g Jssstal) puldll Jya 2ie A a3 chypoglycemia sed) 48-A
hyponatremia Jexd (53 seall das sy ) G Jsally

.(pain) a¥-4

1Lad g o) $Tslall ana Al A 8 CiiUa g Al avpd! Ja h-
1-potent vasoconstrictor.
2-produce similar effect to adrenaline, so it act as anti

insulin and stress hormone, so it can increase glucose levels.

3-increase plasma levels of Factor VIII, so it used in
treatment of mild hemophilia.




4- stimulate ACTH secretion from anterior pituitary so
increase cortisol production.
0318 poaailisy ca g gaa (g3 e 9 S Apad (i i gy cad ) J gaad) dlga-
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Table 8.2 A guide to the electrolyte
composition of gastrointestinal fluids

Concentration
Fluid Na* K* cr
I

Gastric juice 70 10 110

Small intestinal fluid 120 10 100
Diarrhoea : 29 30 50
Rectal mucus 100 100

Bile, pleural and 1ﬁi 100

peritoneal fluids




2- Sodium loss:

14 chyponatremia (s (A cuad) 2

a- GIT losses such as diarrhia, vomiting, and fistula due to bowel
disease.
b- urinary loss:

63 Crnien 92l QUL Ay 91 28 53 91 &y g simen 5] AL (pa anabaa) JSy iy )
.spironolactone

hia J4 o aals ) gl ale JSs 75 s cind ) 3l

Fluid retention ” Sodium deficit
QOedematous Non-oedematous |

| Water
excretion
eg.SIAD, | | (e.g. from qut, (extremely rare

| Waterintake | | eg.CCF, | | T Water intake

e.g. inappropriate| | nephrotic [ | e.g. compulsive renal kidney cause of sodium
IV saline syndrome water drinking failure or skin) deplation)
" : — — W —

Fig 8.1 The causes of hyponatraemia,
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:hyponatremiad! | sters (I Comeall (s dagay agdll 4 i

!r Table 9.1 Clinical and biochemical features of sodium depletion and SIAD

| Symptoms*
|
Signs*

Clinical value of signs
Cinical course
Serum osmolality
Urine osmolality

Urinary sodium excretion
|

Water balance

Sodium balance

Treatment aim

| §

Sodium depletion

Often present, &g, dizziness, light-
headedness, collapse

Often present. Signs of volume depletion,
e.g. hypotension (see Fig 9.1)

Diagnostic of sodium depletion if present
Rapid

Low

High

Low if gut/skin loss of sodium

Variable if kidney loss

Too little

Too little

Replace sodium

Water retention

Usually absent

Usually absent
Oadema

Oedema narrows differential diag
Slow
Low
High

Variable but usually increased

Too much

Normal

Too much if oedema
Restrict water
Natriuresis if oedema

*Relating specifically to the mechanmsm. There may well be symptoms/signs relating to the underlying ca

i x5 chyponatremiad) calal (Sas () edemad) o8 <ild (Sai g -

Accumulation of fluid in interstitial compartment.

Al oladl olde Adiud) Gl jlaWL ¢ oS Aas) yiall il gaadl LS 4

redemad) clawl-

il Sis &y chypoalbuminemia s heart-failure <« blood volumed) 4£-1
UL ey g amd) ol Gl gadly Juday aalld a5y 5a JSiy adll £ 550 A8 (e A (S

(S8 ) S o) 48 JSLda L hypoalbuminemiad))




Primary hyperaldosteronism like conn disease, or o (Sas-Y
Flgudl Guian g Ao 5% 7o Qs Smagl) S2 secondary hyperaldosteronism
FUD) juad

-Mangement of hyponatremia:
a Salay Ja $BLall Baaga g 8l Ala ae Jalaty Ul Ja «zdle 10 La J38 Al s Jlad g
‘sodium loss ¥ sle us dla
rdob 08 OsShg coaall celi severityd) ) o ¥ qlal di el lde
AUl Ll oY) -
Tadlly a 51 guall Ay ¥
SR a9t puall (aldAS) Ja-Y
3 grand) Jlgall gal oY sl b VYo e B & jla o gad peall dpai g g OIS 51 Da Cuay
:¢J ualels cerebral edema

Nausea, heaache, malause, lethragy, coma, seizure, focal
neurological.

soad) G gz Sladl-
1- hypovolemic occur due to sodium depletion Bl give Na.

2- normovolemic occur due to water retention[g] should do fluid
restriction.

3- edema patientsfg] diretics+fluid restriction.
poigall dud o Bllay £ o8 AT 2 Y dily ) gaall g
4- when sodium level less than 110 mmol/L[E] hypertonic saline.

5- if patient has diarrhea should use oral glucose and salt
solutions.
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-Causes:
1-Water loss:

33l o) sle i A8 L ) (pure-water loss) JWad sla ladd ¢ 4S Ll Lgia 48-1
diabetes ) il s Sull e die (55 o) I ga sy gads A ) LS die (5 cAn) A
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: g5 A Gl chyperNatremia dax dgd a i sual) (288 (e s
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2-Sodium gain:
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10.1 The causes of hypernatraemia.




-clinical features and symptoms of hypernatremia:

Bk CoShg daudly e LI (2l oY) Vo r e B aguasaall S mild hyperd) dag-
il (3l el oo

il g ad) el oy il (@l e (VY J Ve G asigall) severe hyperd) ddlag-Y
St adll ek g

pulomary J i (Sae adil g 2d) @l el (VAL (e JS) o g3 pall)gross hyperd) ddlag-v
) by o) gl edema

-Treatment:

tied) i e
1-if pure water loss[El water orally or IV as 5% dextrose.
2-water+Na loss[g] water+Na.

3- if sodium overload[E] should treat with diuretics.

Lival) 3353 75 34 As ey sliskis) g iy 5 9 (5 9 ot a Y S Sieid (and Lal rAliada-
d4ibai 2 B cpulmonary edema Jars s sand) bivall ad g Jadill (Saay L88Y) o
NEX AT

:sJ hypernatremia Jeath 4586 (2l 4l SY 7)) L& JA-

1-increased urea in renal disease.
2-hyperglycemia in DM.

3-presence of ethanol.
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(B3 g g « Ak (ie excitable 44AY awi; <(Hyperkalemia 3.5 - 5.5
Sy K G lalh Taaas sl QS 80 e oSy il ¢ el cbas ) Al
7.5J ey ¢, cardiac arrest J ce Ula B g (:4a) e U s &) graw Y B i

Lga padA

- Body distribution of potassium:

B alg el s il b L extra J cintracellular JSse assab gall Ll
L) Js

2 Ly i 100 Uialla S 2 gauili sy ol j2la 100 LS| Renal execretiond! 4l s
2 Y9 ¢ (g e gl sR a gl @I JA) 8 Jgimall ale (S ¢ 5y Bliady La
.fecesdu s 3 iua 4aS allaiyg ¢ S jo abinall ¢ (gl gd ¥y 48 o

- ECG in hyperkalemia:
3w g2 depolarization Jas Qi duanl) Ldasdl) das 4 Mo
saaill Ly &5 a8 i depolarization J gz » Wale < repolarization
ety ks La s ¢ Uy ) da ghudae Ayiie LGS ¢ agln <3 T waves J) G par g
165 s A pale) sy ) Ayl
.Muscle weakness,paresthesia,nerve weakness

(a) (b)

Fig 11.2 Typical ECG changes associated with hyperkalaemia. (a) Normal ECG (lead |l

Patient with hyperkalaemia: note peaked T-wave and widening of the QRS complex




- Causes of Hyperkalemia:
1-Decreased excretion, occur due to:
a-Renal failure:
el U ugd) Ala e palddy iy lde IS G Jay 2 sl p Y
« @ 79 hyperkalemia e 138 (lis Sual o gauli gl adly jal8 (e
Js Wiluiy acidosis, hyperphosphatemia, hypermagnesium
(A S B ) Laa

b- Hypoaldosteronism:
inhibitor 15 3l S ¢ gf ¢ Gy sian gl Aagel AL sllel 2
#1352 thiazide g « 488) ¢ spironolactone J) Jis aldosterone
O 9alY) i Al Jiial) ny resistance oaisall ¢ qub (ual
19 Gl S Jlid a i D
renal failure 4 4xa Jaladi ¢ (4D g a9 JS ) S Jaed
e (583 L (laS 933 gua | gl oudapall J g8l
.acidosis 4 alki = 5 hyperkalemia+ hyponatrema
Note / all this case related to decrease gomulare
filtration and retention hydrogen+ potassium.

c- ACEIs such as enalapril or ARBs.
Oyl 7 Ay Js
d- Adrenal insufficiency:
kel 53,00 5 Ugu la aldosterone Ju cilly 4 i<l 3.1 Jay
Loald g G A gl

2-Redistribution out of cells:
a- Potassium released from damaged cells.
b-Rhabdomyolysis.

Tl g COldand) sl
hyaluronic acid, uric acid , myoglobin, CKMM, potassium
c- Extensive trauma.
d-Rarely, tumor lysis syndrome, in which malignant cell cancer
breakdown.




e- Metabolic acidosis.

p el g3 adha jhadaia g Jolad liis AA0) ¢ LA JA1 ) el il g8 g sl
Taa usadl 5 hyperkalemia @i ¢ Lals G gia

Blood
vessel

Blood
vessel

Normal Acidosis

Fig 11.3 Hyperkalaemia is associated with acidosis.

f- Insulin deficiency.
G g ¢ LMAN A esiall JAy oLis active transporter Jaw oS ¢l sed)
cagaulisy JAdn LA aal) e Lady adll GIT J) (10 pg2d g 42a
e b 5 <8 S U (e g b a gaadi sl Jlain 393 0 (e ol g Lad 1S ol
Ol ) agubaei (Sea ) hyperkalemia 2 ge Jalaill

g- Severe resistance to the action of insulin, such in diabetic

ketoacidosis associated with hyperkalemia.

(ki ¢ Al Ol g g S oSiatl W guula U (LA filia gasa (u (d gual 4d
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plly (i gSen A gilina o] daglial) cils LalS Resistin dew! (g guly 338 )2 ¢

s

Gouiudadl) Jany ) 3 Sex hormone binding globulin 4ew) ¢ 5a 2 4
Yl (e S cdagla Cpl gead] Ad B b La JS 2 ¢ dada o (g piana gl
Aalall) g pgd) 384 e ¢l by ga gl L daniy alial)

Ao OS¢ Gl g Aaglia o marker s M g
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DAY Ay 4df ladall ¢l guadly g8l Ao 2y guallai ¢ hypoglycemia st Yl
Jal ¢l sl gzadad = hyperglycemia o Wi
h- Pseudohyperkalameia.

Al (QMS (S8 G A a gl gal) Ad) olina ala
el cigal il 7 Agd anl) Adal Julail) U centrifugationdy Wk 4l -
el Mo adly 7 G cagaalips aged N RBCU)s 4 gel
Jaladl) ¢ pbed) suiSi (A2 in-vitro hemolysis Jba-Y
WBCU Ay ol <pgauilisy Lo gldaall AY Ao platet apaie ) ok e sis-¥
ol gal) (1 i gay (Saa gl sal) N Myeloma o) basS sl e dis (g 5 Allal
palgn 4li duay cdna (e s ougsd shaag 4d) (oS bl g el ) e (AMad)
Voo G S8 A AllSdia (g pudlsl) LA aalgs T-celld) Ao A T celld)
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i- Hyperkalemic periodic paralysis.
¢ b ple) ¢ Aasey 38 JLE 9 Gusy Pseudohyperkalameia ¢ g5 3
ewug@hgcjammé@umcﬁff&uﬁg\ C\J,s“ adild ¢ (Al
00l e S Lk sl gl Al al J JLE 4SS oy glal)
repolarization J«xi g2 i by depolarization cles Al ¢y paill oL ASY
S dela pall o d) & jad an 8 jalia Gl Waie 48815 Jual 7 oS! Lgdaat 7 da) ) o LS

3-Increased intake:
a- Failure to appreciate sources of potassium intake.
LAD 9 Ssa 6 paaailipy 4d JS) JSL £ slan S i e B il
b- Potassium salt drugs such as : cataflam , voltaren ,penicillin
k.
c- The rapid IV potassium therapy.

«iga db g S A8 ey gaualisy shry hypokalemiad) sallas ad s g Ll ay
Sl e o elae Y 2 D8

d- Blood products.
9 Jalld ca gauillig L (5% rbe ) AW agauligall a8 (Saa ad ilaa g JBS A
Aalia (e freshosss adll Glaa g GlaSy s o adl) Gias g pllae)




- Treatment:
1-Calcium, in case of calcium gluconate or calcium calcium
chloride.
poaeallslly Ja g3 0 A aniond) a ¥ hd g flall g QA Adiind Jand (LS aga a gl
L oxalated ¥ Ca oxalate 4 (A L 13 glés alll Cisdy g soluble s
psallsl) (pa dfinda Lag adl) Jua gaa
< gl) (el Lgud G as Adlle A4 glal) AV () gasl pa (pun) A glal) Sl (lde
Laal) ad g9 culd (s ) citarte W () Gsad pa LelSh i s Wb oxalate
iy g pdlle Ara

2-Insulin and glucose.
sl die jeSglall L g acidosisd) gy gl agalaet La 0 2 Y

3-If K is very high and also GFR is high and the cause is
unknown and cannot be treated, dialysis should done but only
one time.

4-Cation exchange resin.

(e gl o ganll 5ol Lgaa uaadiy (a8 Al Lginnd LS e (g
g ciladlal) JS ellas ) Juadly) lldy

108 al) g adli iS5 U pall pardli Ly BaSludly

Clinical question Think of

Is there an obvious ~ E Renal failure
cause il | Haemgclysis

Is there any biochemical ! ? ™ .
evidence o¥ redistribution | 2 § Rhabdomyolysis, acidosis. tumour lysis
out of celis (So: measure CK, bicarbonate, urate)
| C— *
Couild hypoaldo- > ACEI, ARBs, spironolactone, ||
sieronism explain it & adrenal insufficiency l
T S ' |
Any other drugs which Any diug gwen as potassium salt, e.g.
could explain ? some penicillins. Always check drug
information. .g. packet inseri. formulary

l Consider rarer causes | 5 Fl Pseudohyperkalaemia, pericdic paralysis

Fig 114 The evaluation of hyperkalaemia
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Hypokalemia

(3 p gl gl) KEALE ¢ <l oars 4d Y ¢ il o Siaal el Jaliy JiBh Lag 3.5 cuas
el (B g gaull gl ol a3 63l JIA 408 4udl distribution s s Al o jilas

- Clinical manifestation and ECG in hypokalemia:
1- muscle weakness
2- excitable cells
3- cardiac arrhythmia
4- hypo reflux
5- heart peat U wave ( dik; s )
155 i i AL g Al 50 s S (00

{a) b}
Fig 127 Typical ECG changes associated
Patiem1 with hypokaigemia note flantened T-waws




- Diagnosis:
Vomiting and diarrhea
: hypokalemia ) Alall s a3t o) () (pausi ) Gpnad)
oaliag 8 38 A 4 Aa <l b ¢ aldosterone J) el (e u i A -1
increase unitary Execretion Jaw g, 3@ G aglis g A9 asisa

4l Ua Ui « vomiting st el Adf (e JIA g ¢S Lpadi AN Ukl -2
Aglas WY (g s gal) (g giena g
Note: hypokalemia case related to reduce intake is rare case.
B A Gl Ay S Clsf Le il gl s palaial 3ale) Janti i g jia dapbes 4Kl ol ASY
d\mw\dee‘ﬁ.\alﬁﬁ‘\ﬂé;N\&&Y\é%dﬁyawu‘yﬂ\g ¢ Anllal
.intake
Jirestriction in potassium intake J 88 Al ge<h Uial -3
. A sl LA

- Re-distribution:
1- metabolic alkalosis:
LAY JA18 o gaualigs JAY 02548 i negative charge 4y AL cua g jugd) Ui gl
C ¢ qallu Ay gd addhy alkaloids J) Ala A AuIad) 43y Al sl Jalay olde
A A S (g UBAY JA1a JA & gl gal) i g sda
2- treatment with insulin.
AR 7 Gl gl (e g pall £ B0 As a o) i JeSiall e JAd o gauli gl

3-Refeeding from blood to cells.

Sl dgle aa dita gl JSb JSU Juan B jda B g Aol paic dal g (LA aal) (e
i Al Gl geai¥) 3Ra3 7 i) ) ja gy Sl i S G gsha o ghae ) g b
LAY ) s a gl gl

Note: in this case magnesium, phosphate, potassium mediated by
insulin as it moves glucose from blood to cells.




4-Beta agonist:

such as: Ventolin to asthmatic patient, Dobutamine to heart failure
patient.

¢ Ll

230 JeSlall Ll G jastall Baly) il odie gyl () o g ghauy (il ol Ll LgdS 4 50) oY
B (i g pall & g1 Sa o) ¢ LAY | g paadki sl ey 7 bkl Ol g g ol
LA agaaisd) Gagel Al ey

s (LS G g agubanty Adl 8 Akl gha g Lal 5o 1) oada jay sABESM-

CSea 600/500 Jua g (o all dis gStal) Wany g 4l ) el 234 hydrocortisone
Lol gead] Ao daad 2 Y 1S (e (Sl (e Sigay

5- anorexia, alcoholism, post operative patient and previous cancer
patient.

6- treatment of anemia by use of Folic acid and B12 for
meqgaloblastic_anemia.
s Basaad) LDAY (i 2l g aliall pLAS (e £ gl adeali Lgd) £ paad) adl) LI soludy 31 gal) (531
Lol gal) a7 B129 el Ll g1 (e B AgaS (da sal) 28T o8 i £ pual g JAST 2 il gy

7- treatment of iron deficiency.
Lgaaa LAY o3 o gaadlli oo AALL La L Ao oy gl LI do b Lo Jlad saa Lgadle Allad)
RATCRY YRC g A

By (s i Jal8 e (s (s Lgada g JulB (5 ) sllsll gl s} JS Nlormocytic Jb <
.hypokalemia ppais Gaaa (e alil) J g2 e il i) ) JOU Gans

8- Hypokalemic periodic paralysis:

Gy ga g lall daly )l (e gl on i depolarization 4awas Gidag g ¢p el dslu caly Ll
CSaa ¢ oY Aall £ Juday i Lglary daniany 2 il pal) A8 (a Jila i pepolarization sais
A 5 AN g (A gY) 3 al) anad) 7 g A9 B pall (el ey JLE (65 A Cuaay




Note / the highest source of potassium is meat.
_}ﬁeﬁﬁ#\d@dtjﬁ ;w\ﬁyw\ﬁ\ﬂ\ ¢ um‘ ¢ C&hﬁ‘ cJAﬂ\ ‘Ln.m
¢S thyroxin J) 4l b J& U « hyperthyroidism atdie Au (ub 4 1daa-

) el 83 1S I g G gS gladl 3 s Lic chatechoamine J) dswbua 344 5 g cpiliy )Y
(Uada

- Increased losses:

1- Increase GIT loss such as diarrhea and vomiting.

2- Diuretics especially thiazide and loop diuretics.

3- Mineralocorticoid.

.Cushing syndrome kaie ) oulill Jis hydrocortisone J (& Ua i | 58

4- Hypomagnesemia.

¢ Al g

Aa 4 sl 58 g dall ¢ (g galY) (uSS ) o ganill gall aluaial Jany AuSl) JA)a BLE 48

OV A sy lde sl BURI Jidi (e 29559 (i 92l 1%) JIBS 40<Y hypokalemia

Ul BURY G ATP J) gLl Jasi pe ASY A8 48 L (g ad) (3 Jul8 Sl gaasiiall ol 01
5- Renal tubulopathy illness.

chemotherapy Jw sallals (1 sudlsh) e 5 8k ()59 I8 g (68 43 Vs Jia
Lodial Al Ll (e g AuSl) Jid Ay 2 cisplatin J) e Ay sl o) il

6- Cystic fibrosis or chronic laxative or decrease absorption
potassium from GIT.

- Treatment:

: Underlying conditiond! <! ¢
_M@ijﬁjicy\Jdﬁ -1




A5a8h ) o gauligal) (298l 7« gl O paldtl 7 1S 2y JL A ez A 8 22
+ ECG 4de bigaya (158 ha g (g B phadl) Al ATV L JSY) (e Ldda )
. oaiS o by pate Ao

. hypokalemiadl a:» gl A S (Gl Sadludy-

W Ciinical question Think of

‘amphotericin, salbu HaabOine. .

: .Mi.

Fig 12.3 The evaluation of hypokalaemia.
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Investigation of renal failure 1

1 Jie Jaldil) (yamy B Jidia ealad) AISY g0

1- Balance electrolytes.

2- execretion, metabolism for metabolite from some proteins.
3- reabsorption in collecting duct.

4- filtration water.

.endocrine systemdk silil g i puaily o SIS ABaNa -
fendocrine system W-lS i iy 1<) (s -

1- Activation of vitamin D.
B g% Laily e cilipalidl) Bl 081 * Sala g Jadid £y cilblapally ¢« 408 JaN daaas
& (e parental agube! (Sas Ui aghdl; 25 a2 water soluble J) Lagad Jalag
2- Production of erythropoietin hormone.
OSan L) 1) ¢ (e agabana i aadic JalB )6 L) gl ASH a e il ol
. erythropoietin uali § b12 (i (ali (paa (ali ¢ 9$
3- Production of Renin.
oo B (i 9o Ua 3 ya dia

¢ endocrine systemJw Sl Al (s

1- Antidiuretic hormone.
This hormone produced from post pituitary gland, in which it inhibits
water retention.

2- Parathyroid hormone.
This hormone produced from parathyroid In which it increase
activation vitD , decrease release Ca+2.

3- Aldosterone.
This hormone produced from adrenal cortex, in which its function is
reabsorption Na+ and biocarb , release K+, H+




¥ tiomr
Fig 14.1 piagrammatic represent?

Arginine
vasopressin

_Parathyroids )

Aldosterone

Angiotensin || <@ Angiotensin | <§ssmss Angiotensinogen
Pu[):tisg 14.2 Endocrine links in the kidney.

- Glomerular function:

1) edlala S el jasly

1- Serum creatinine:

Creatinine is a waste product comes from muscles ( creatinine

phosphate ).
r S el S Sl g (il 08 0 gad g ) Anidi ala
sl -1
u.u.'\ﬂ\ -2

pxall -3
(b ALS apsicle i e i (ianall) 3201 -4
¢ GhaS 8 ol Jlial) sluadll ¢ ) o J81 sludl) 108 oldie dulilanl) ANSY) 5
5388 S cpally S
o L JSy 08 -6
(A ot G e Jal ) gl g
o) a0 ) | i LI Al g i) -
Sl G ity Sl dad (B Guliacreatinine clearance J) ol ) ) (B -
O Lgad 8 1) s § €

LI >N

Volume of plasma
[)




O slaadll die ¢ 1,2 0 0.8 e Jaul die ¢ I8 Lgd A<y %20 (e BT GFR 88 -
LRl La () gudl) (e 1 Lgaldd (5445 0.9 J 0.6
O Y AS) adkia Lgd (el ALKl g jS) LIS B AL olina adl) B cpdil SN day e JS -
G ol & W gy La ) gag ¢ GhaS Joall (B il Sl S8 () (Saa ¢ B Aua GFR
.estimate aw 3 daddll g 38
Serum creatinine

(}:;g]()O/L) Press to exit full screen

8004

600+

4004

2004

I g —
] -

! Reference
y tinterval

0

0 20 40 60 80 100 120 140 160
GFR (mL/min)

Fig 14.3 The relationship between glomerular

filtration rate and serum creatinine concentration.

Glomerular filtration rate may fall considerably before serum

creatinine is significantly increased.

2- Cystatin C (low Wt protein)
Ay L oY ual s de < AL A LIS g gilina B ) (udi e o) g JAIN S -
59 Ol S o Bma J G (58 ) B iciall Jal sally

Independence from age , meet eating, gender, race.
FAL Gl ggatiiny Ui NS Us 43S ) g 0 gaddlieny Jgal) g ba b 33 laSy -

3- Inulin carbohydrate:
@@hg&\@\&wyd‘wgw\g@hg‘P...g\‘yu.u@m
SIS L A iy aia) (B S 8! deagls A0S




4- radioisotope markers such as 51Cr-EDTA, bromine, iodine:

3 gall JS adlia g danlas 43S A5 ) gladay e (0 i panSl) J8 AL Gl ) gua sl
JikY) die addicy edtad) GlaSy dgldaia b dalud)

5- protein urea:
pdl) (b GBI L gall ¢ JI& Lgud A0SH 2T gl o s J gl (B 1 gy L 229 s
oS Jadl A

- Renal tubular function:
Tubular responsible for reabsorption & secretion.
Al palaalll ¢ QS g ¢ JuSla ¢ sla ¢ pgaigua = daga 3 ga lguadly 7 aad) A -
A1 200 Ln & il 440<Y T s amino acid metabolite J) i Lwds

- Tubular dysfunction:
- Acidity.

i Adla 4 adll A ol Laalad) yuaia ¢ 6,5 J) Cal e gl Jgad e Jgall o
Failure of hydrogen ion secretion:z\i!) | metabolic acidosis

- investigation of tubular function osmolality:

o) S bl Ja Jaull (g ) sans) bidall -

concentrate W2 Js) (158 electrolytes ) (» hypo 4 i -

. +Na*2 Wi Ul 4 ) La DLl 4y glaca (685 amhall g (lagsdall -

G55 G el s (alaia) Jal (i akh JIA Lgd A renal tubule J) Ukl -
Jb salag , diabetes insipidus Jis ¢ polyurea and dilute urine
.desmopressin

L glds bbilly 7)) A pasra s La g Jsadl owidi U nephgenitic syndrome Jw -
[ 9ay 9 A gl B gall Jlagd) Giany

@l Jom ¢ BN al) 43S G985 & bl £ 4394 duritics (B GlaS (Saa -
O electrolytes J) aglad) sl

- Water deprivation test:

0 Jsal) (b S AN Apaad (B LgB g iy ¢ plall (e Sl (w12 plaa Gl pall Jery -
B gl elal) y)agd

- Urine pH : acid load test:




A B OSaa - acidosis Al B acad) cdis A8 (aea G sal) asa B Cdal g -
163 Ul el G sl
Tachycardia, hyperventilating, 02 supply decrease, all enzyme, channel
become inactive.
Ay gadlas 2 3308 s & gall 5235 (S Gl £ Y1 A -
BLE 4.8 \galkiy NH4 4l o Lgdgad 4,08 48, jhy Lgda yaldiyg daga NH3 o UGB Gl -
Ll cneutral J Jsain adllg NH4 J) &kt by s sl Jsal urine ) o < <NH4
SRS palyy JRBdIA Gl o BRI gaslil it Jske (sl pdaala Jia adl) ol
biocarb | (e Gal ) gMall « Jsh o (paala auadl juass s protons + NHA
38 Lra gy Jaall g adl) B oS o) Gl AT monitoring Jera (e Lu S Lagy
- Acidosis cause Renal tubular acidosis (RTA), which it has 4 types depend
on cause:
1- Type I: there is defective hydrogen.
Alas Jgal) (uSaig aall A s Oy dalhiia (e NHE Ol il gi gl BLE 4 JIA)
Maydia o) gl
2- Type ll: the capacity to reabsorb.
3- Type lll: pediatric variant of type | RTA.
r slsin a Jol Cre JIA 4d AST JWBLY) Cusaly g ) i g 2 e
. Amino acid urea and glycosuria
4- Type IV: bicarbonate reabsorption by the renal tubule is impaired.
L9 A ol dary laS (s G AS g gellay 3 g ¢y g nien gAY AL iy S

T2ble 151 Causes of polyuria
Cause Urine osmolality Plasma osmolality
| —mmol/kg —

ncreased osmotic load, eg. due to glucose
| Increased water ingestion <l il
| Didbetes inspidius <A -3

Nephrogenic diabetes insipiqus < -3
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- Specific proteinuria.
O5S8ea aliall b a3 ¢ antibodies ¢ 3k beta2 microglobulin J!
.05 reabsorption Jb JI3 48 ¢ anll B8 S dady 35254
% microalbuminuria 4! 32 5 macrody Uia 58l Gme sl & Ulaf
renal _maa &) og cmicromolar (i« micromolar 4 e Jsdl 352 50
Cagial ¢ il g Sl puda yay A o Aad) aa ¢ Lala qudda 4409 failure
(oS Jad Zilallg ¢ saie el La adall LY

- Aminoaciduria.
i Lgha iy (lde AU Lgualaial 3oy acad) Adl i g sda cdad Bala dpl giaY)
el JSla Gyl Lal b A0St 8 Jlae o Jada SeSslal) of (A Jal) B Wasay
e B s

- Cystinuria.
¢ Ulal ol g i) ayg A< A &l gas homocysteine J) ques (S5 o2 0
DS (g B gl e (98 A gl AMal) ¢ S gl ddalal) o Jula d (i (Saay
J) aa Jalady Jod Jlay awaall ) ANAY & Gl e sl ) oI ¢ el fadhy g gl
¢l sl 4309 aS) 5 o cysteine or methylin J 43325 homocysteine
Qs (Saa B e ol G ganl) Sy el dleny (Saa LA ST Il A e (gl
Gra sy a suadlSl) i g oxalate J il gad L guad 5yl G Lgd 30 slall
Ll gad (Saa ¢ oxalate J Jali &l ganll Giulis uroclean 152 2 < Ladls
Ol (398 AL B ol Lal Ailial) LgilSa ) guanl) oY) gaddicy o all) ¢ Jad citrate
ool (Saa Cping g At g il gay eSS ) adia

- Specific tubular defects:
1- Fanconi syndrome:
Wlra jeda C $ acidosis J) 4y Alal) sl « e palaial Juaay La
JssallY g NH4 J) adlis ¥ g cproteinuria, amino acid urea
JUlaY) Gumaliy 480 59 Alla W cystinosis 4am! A ya 9) ¢ 439l Gu ()9S5 (Saa
La il 155 a6 Sal 13 QS ) juky 5408 gaic La gif 989
2- Renal stones (Calculi):

1655 (a S) Lga 4
a- Calcium phosphate stones:
. renal tubular acidosis<« §) parathyroid hormone J) 334 G
55 Uad] 4 aliall ¢ Bl cflaall i g g o gacallS ary 4d) 2984l PTHJ) 948
.osteoclast J) (x93 939 aliall L 3345 5 (e

1




2088 gy ABla Jany o5 i gl pa Jasi e Lagls a guuadiSY)

b- Magnesium, ammonium and phosphate stones:

Occur due to urinary tract infection.

c- Oxalate stones: due to hyperoxaluria.
d- Uric acid stones: due to hyperuricemia.

Bua Ao oY s ¢ 433l 3 9 Gaensdid S albunirol J Al

e- Cystine stones: rare and occur due to cystinuria.

Urinalysis
axal) o o5 4 Sl Belis (i e AN (< volume of urine J) ol W
hypo 4 si Jsall igdil (lie colour J) (Y Amdal) pasll @ ilh A Ay 2k
i3 Y g 38 Jsal) Ak i or hyper
Mia £ pan a2 il S UL ol gSau g ySaall il S5l Al and ixy microscopic J)
sliza La i pus cells i cast Ll o8 ¢ gl o Joad) s 48 7o 4 iy
Lgatlad! L asl) £ i aaai de e Jand o N9 Qg 9l infection 4 4
L (Saa DR LglS osmolality, protein, electrolytes J)

‘ Gross appearance |
| l
@ siochemisy |

! ‘ Microscopy

—————

.ﬁ’_;.
| = 3{){4 ep N N
Volume and B a
colour E v Qlucose
Cells, casts, CH.‘,
crystals, bacteria Ny i

pH, osmolality, protein,
urea, creatinine, glucose

Fig 16.1 The place of biochemical testing in urinalysis

2




- Subsutances that examined from urinalysis:
1- Glucose:
AT Sl ¢ra 8 S 4aaS JSla g8 gl 58 G pall Ll b Joadl (B S g8 plad) 4
S slal) aluatial ami g 3 b Jart 3 a8 (e Lgd) AulSh) b I8 f 5 i
Jalgall o gl jlas Juladl) ala

2- Bilirubin:
G198 b L 3@ 9 glucoronic acid (i ga b e (98 conguated J) ol
Jjaundice J) A= AN 43355 M polar uma: b a4 39 non polar
3- Urobilinogen:
slaa¥) & normal Flora 4 &la g bile J& .5 conguated J 431 a5 iall
Jb g oA (Saay Sl AU Aaliay ga s 41 Gl e Y urobilinogen J Algaia
fibrosis ) &S bl dp (San 1S a0y La JI8 45d ey Joalls gty Wl G feces
4- Ketones:
L Ll B gal) ol Ay gl pieal) ol g8 Sy g Jaiday by S5 (U je s Alla 45
¢& 324 conguated ais Jla silS 3l da JREES g Jgag el (kA S
.phenylketonuria , 234l abuall i ¢ ketoacidosis ¢ Laadlill 2 00 5 a3l
5- Specific gravity:

- is a measure of the density of a substance in comparison to the density

of water.
5Tl AlSy 38 e g 3a8) GeSn 1.4 35 A Ll Ll b Jgal) ABUS iy s
diabetes J) ¢ <idl 4igl Cidal) Wi ¢ aual) g hyponatremia J) Ula
O B 5% a0 G Bab ) 5% con's syndrome Jy (B (Sea cinsipidus
Bl
6- pH:
Sa tubular acidosis J) A 3 Galdy
(Raag Mia 6.5 7 (e B 59 aala G sa U respiratory acidosis Al
il g3 gl praia o gd Jlad e (g i 9l ga Lal by 71 A agd) Juaay cilig g pal)
_gélS G g palalial aly La g dfald
.OS metabolic acidosis 4 2
7- Protein:
Jb dad clee IS leakage s (55 Jandy Baga ga cijba o) gl L g da
.glomerular tubular
Ui o8 gl s g s dgd o U i (g Sl g Tibal) (i pa g (a2 3 3
.edema Jaxn g 1S9 leakage Jars LaNe Lag Lgle
EAAR Ao (e o G s 055 8305 qula 48 (1S gl Al Al Wl g




8- Blood(hematuria):
A sladl) die an ) Gy 3 gl G i ASH Cia o 3l Lal by J gl B adl) 352
Aale AN Gl g Ay gl g S Galaa (A sladll Jia Cuahall caaic adali)
9- Hemoglobinuria:
5 hemolysis ua) sl 4 5f il A 41 slina saga g gl 5 paalaally gic Lith
.sickle cell anemia sl Lesadiill

10- Nitrite:
.UTl infection 252y JAs Ju
11- Leucocytes:

.UTl infection s <Lgdl 2y Ao Sl
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Acute renal failure(ARF)

el 3 yild Jaad Lgd) J&dty 4K U renal failure J) oA s Alya et el AaS -
end stage renal 4y ogdiy Oiad sy 138 3y oliguria @il G adl G sl f

failure
B Jsll 9 ((serum ) adll (B Cunlle Gl < g Ly gl (B e sl Jad 4l -
LA pal (e

- Etiology(causes) of ARF:
1- Pre-renal:
41l Jua g Adlas ) blood supply J) iz JIA 4 A<l dldag Jd La (9% JIA 48 -
Jia Wi £ hypovolemic sl s 7 dala sl 9 low perfusion e AS (e
burn , hemorrhage , heart failure Vomiting, diarrhea ) sl 3,5 A 3l
.extracellular fluid J) Jul&il saba AlS Mgd
Al aldosterone , ADH J) A Aall Al adaption J) o awad) ol daiil) -
stress (i) Ciliga gl J93 cconc urine s hyponatremia ¢sSia 4ulgl) Allad)
Bl uilyg g bl Alla ol gy i) 51 (sry Al £ kbl slany i hormone
(JilE Ml GFR 5 Jse et 3408 (i 409
aa Bz Bala Lgdial (8 L) ¢ Cualle VI Coiily S ¢ Log adaie (sa el pal) Jo -
paliiely Ci N W (e dagra Bala L) Walaa (Jalaty aciad) U (1 Lpaiay aviad) 456 o ¥
Agd ASLia Jal Ll Ll U sl Al cpdal) 39509 AU g2 29 amino acid &)
gl La Lany g (i e gl B el Ld (IS Jud Jeo) (San -
chronic J Js3 L (lée Acute renal faliuer J) < zdall alga (198 58 -
raall o ENla SIS B g G (A g JAida (e sMTIA (e ad e Gl -
2- Post-Renal:
- process downstream of the kidney prevents drainage of urine (urinary
tract obstruction).
TV A Ao 838 culbay (i Jgal) (5 e S (LS Lgana ) el gf ASlal) BB s La) -
A 65 OhaS Glayudl e g1 63U related GSE Al A (Saa ¢ dagauall J gl dgas
a3 cervixdy

3- Renal:
nephritis, Jis damage necrosis intrinsic J wliy glwile ¢ S8 A cue gl -
.Nephrotoxicity




Classification:| Pre-renal \Post-renal Renal

Mechanism: Reduced iUreteric/ | Intrinsic kidney
renal ‘urethral ' tissue damage
perfusion yobstruction ;

Examples: Blood loss Stones  Glomerulonephritis or
and 'or ' nephrotoxins

hypovolaemia fmalignancy:

Fig 18.1 The classification of acute renal failure.

- Diagnosis:
1- Pre-renal:
CSas agd (2 sall (pala) ol ECFJ) AL8; dllatia ()5S g £ ol b (e 2930 Jal g 458
1) pre renal s < _s)
1-blood loss, burns, prolong vomiting or diarrhea.
2-diminshed cardiac output.
3-local factors such as occlusion of renal artery.

AL 408 9 GFR 48 renal perfusiond) A& | gaby aglS (398 aalisga ) Jgaay -
B g gl dagiis
1-elevation of AVP and aldosterone.
Jd e LALiaA) g
2- conc. Urine.
.hyponatremia o2l 43Y ualy sl
3- elevation of serum urea.
tlad ) (358 aalithg i 4d) ola




Aadlay jaitia Led 4L A A0St 43 oY)
Jaxd 7 &SI (S gl g Gge S 9 G g 58 Leli st (e by gal) cnla Ad) AL
2o gl AN g Lgualuaial a7 ) G cdal sial L SES 75 ASY Lalualia) Bale) Ll
4- elevation of creatinine
5- metabolic acidosis.
Nh4 J) 3LE VA& (e (158 gl) 2k jaia Lad (dBla ¥ g JS) ¥ Lgla (e 40
(RIS 7 La BRI A ¢ g g ) g Wi gaY) 2k ) channel
6- Hyperkalemia
7- high urine osmolality.

2- Post-renal:
65 E5) b 4d) iy clalall S5 odis Ly pa kel gl
1-renal stones.
2-carcinoma of cervix, prostate, bladder.
Jary £ Aa g intrinsic renal damage slea: salai L ol post o) pre s g UlBy- -
150 Whsaad b L) S s b cacute tubular necrosis
1-acute blood loss in severe trauma.
2-septic shock

A gty Le clalaall) 45) ACEal) g pd) LS La guad
3-specific renal disease such as glomerulnephritis
4-nephrotoxins such as aminoglycosides, analgesic and herbal toxins.

.oligouria slex; agds Jo
rAd) i ad aga (O 98 a8 Y aga e sl (A Joally -

(b 0% intrinsicdy Ly (S8 0585 urine sodiumd) prerenaldy -1

£5 (A Bad J8) Laln predl Suad ¢ ¢S5 urine/serum uread)-2
b 095 Y AUl g gl a conc. Urine ¢S predy-3

Table 18.1 Biochemical features in the
differential diagnosis of the oliguric
patient

Biochemical Pre-renal Intrinsic renal
feature failure damage

Urine sodium <20 mmol/L >40 mmol/L
Urine/serum urea =)zl <3z}
Urine/plasma =105 —— b Wi

osmolality




- Management:
.kl A gb extracullar fluid J) gl Fegry couad) mllef oY -1
Q9SS ¢ S Ay gaa Glalias 2y La Gy pall ol Aliaay Lgallas septic shock 48 o1 -2
PRIPY
Assessment of body (= biochemical monitoring Wew! 4ala Jas! s& -3
(b Joad) AaS o+ aeal) (B il gual) ApaS (ih il Ut L g A fluids chart
) d A A el (pa el g gl
Gba L Js Alad) (2 jpaail) Ao Gipsd cawad a8 (e :Creatinine and urea
) st Uy B ol Ll ol Ll g dilag e (Al J oS g gl A B (gliasd
chelating J) Ua &) aal ¢ 5 palaa o g o ganilli gall Jaady i€ Usi g :Potassium
Qs assigial) Jia ¢ ) el 093 kg a ganallipally gSusan ciligl Laa ) jon complex
s proteinuria 4y Slile Culugill g agalisd) ol dald 5 bd Al o S Ll -4
fluid overload s acidosis

- Recovery:

7 50
DY De—
Potassiu l 400
<ty Urea
—é S = 40 Creatinin @e——— - 350 o |
E I= k- 300 2
p— §
£ s £ 30 L 250 @
171 O =
= s 200 &
2 a € 20 e
= = - 150
= 3B G |
(9; 3 10 - 100 (9;
- 50
2 o - O
o 2 a1 S 8 10 12
Days
5000 Oliguria ' Diuresis Recovery
= : .
= - :
= 4000 : :
E : :
£ 3000 : :
=2 : s
= 2000 : :
aé Reference | :
s range - S
1000 ‘ .
' :
P tﬁ-,- | @ H B B B H i H
1 2 3 1 5 s 7 8 =) 10 11 12
Days
Fig 18.2 The biochemical course of a typical patient with acute
renal failure
- i . .
ey Jgal) S e ) e e a e Jgr adlas Le gl o 98 ) grllad Lal

(s 10 ) Jlausill aa sus a gy aS 3 ¢ polyurea A Jiua didurasis
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Proteinuria
Aani 1) gy Jiady L 58 dld ) gl 4301 -
Normal

\ ;

S0l Gl (i Qu pfiatg phd oA AN gl b el Le (g sha cilisig ) 4) Uisa -

haidall g Sual) pda pa pa gl ¢ £ 9 uad Lgda A ¢ S Jud
1- Glomerular proteinuria:

SISl iy (B A g A B AN (S gif LB Lad J8 ) 3 pualaal) B WaLia p& -
S adl g leakage Jars i g adhy Jla La (S g Jiudall g

.micro Jb ¢ calbumin J) Clisig m ga gkl Laguad Alal) sy -

Al YL uld Led e Al s ¢ completely renal faliuer ssais 5 3 hd Aad) sy -
— 9+ Una (uy 4080 JI8 ) Gl A Ao ey (e iy

.osmolality J) & < g Omasnt¥) 3N edema ) paisall £ gk A& g -




Glomerular

B ™

e.g. albuminurna

2- Tubular proteinuria:
Cie o CuA reabsorption J) s 4ggeal) SURY (8 dagl 3 AliY 5 glomerular J) -
microgubulin Wiy Uy gxie jelia i (gl abuaial 20 5 008
- Inability to reabsorption due to toxicity or antibiotics such as
aminoglycoside.
OSaa € sl adkily g (aluaial L) Giang (i Ty g Allad) a5 piaal) Cliig ol Qb -
e

Cysteine C, retinol binding protein, acetylglucoseaminidase,
acetylcholineastearse, transferrin.
Coak Olaall o3 G GlaS (g A (uladl) g i 3aall S mineral &Y Y G -
Sliig & Oglend Jually (rndla Lad 9 blood vessels J)




Tubular

e g. Po- Or oy
miccrogliobulinunna

3- Overflowproteinurea: (bence jones proteinuria)
Ao lian 4pas Wl Gy Aailes S Cpanbis (aluaia¥) g 5 Al g ¢l g pal) (e Ao lidaa d3aS -
myloma (Ua s 4 (198 il 2 4l o 58 g et Jaria i g 0 (e
laal) g aliel) £LAS Cuuay
@iy G gumular J) i G A £ 4l dicliaa antibodies J) o« Mg s -
4,1 aalgs 285 antibodies J) s + gumular proteinuria J s 9 overflow
4l ) dadds iy L aa 2 tubular J Jsadia G reabsorption J) qdda g LAY
C 398 N ol il g o A

Overflow

&

e.g. Bence-Jones
Protesnuarsa




4- secreted proteinuria (Tamm-Horsfall) :
Vo lgha g ey 1B prial) (o) AU 7oAk g skl ¢ il gl Alal (B Gl g sal) -
Sy lladl g 55 pall Gladl) amin 23S (i dgggd JSod
sl A ¢ mucos oo ske dislas LS Glycoprotein ¢uss: ¢aw Al b -
O 81580 aa glail Lelaal Alal) sl clyndrical sz 4dsad) g laadl i qullal) Ji
el S slall adaie ¢ 6S + Gy Sl Gl s e Gl el
A gl G e gy o g Qllalldg B cells WA quay AU (lajm b -

Secreted
. ™

e.g. Tamm—Horsfall
proteinuna




Ways of measuring proteinuria:

1- Dipstick urinalysis.

2- Protein/Creatinine ratio at the morning.

3- Urine protein execretion after collection 24 hr urine.
4- Albumin/Creatinine ratio and microalbuminuria.
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Chronic Renal failure end stage(CRF)

L o ST danay L o g Ban Ban g A2, L Blad) gaal Joud L e (DA 4,19
Ay Ggan (g (i
¢ AU ) aua gl day  4de 48 La S frreversible progress ¢S 4ulsl) b JIad)
LSS 2 i g (O e B g Juidy (A VA (o5
U2 g ) qual () pal s Juaas distraction of kidney tissue S Jasy
S Y A 1319 caan ball GlaS g JIA 4d 4l agad) olas sl
oladl (Saa By L de) 31 o 5 monitoring (& e 2 Lo zie et Le ik 4
£ oSl g o sall Cp ) (38 53 LgalSdia (ST Al (e aST g yal)
maia iy oliguria sNocturia O Le Gl g ymals Lay oliguria @ &) Jl 1
oS alaad) Jo Jullls & sdy A2y Nocturia s polyurea

- Consequences of CRF:

1- Na and water metabolism.

4xa Juaasa Ci aldosterone block J ¢ pa g 4d 4l A 4 ala La
hyponatremia + acidosis+ hyperkalemia.
‘ (#@)M&\&dj);ﬁ@polyurea Juéggl\ K\ A.EMUA".\A\?S,)LA;LA\‘,SA
by Lal Wagh ) Jil g dua gy () 9S3 i oliguria oSy Ll GiLETS Jaadiewa A J g
.polyurea 42« ey

2- Potassium and creatinine metabolism.
Lallla ey (AU 2 s 0 9155 o JS9 o el e (1954 7.5 8 Ja g o 23S serum K J)
Jpedd) aa g aa g Ao 05 Ol <

Periods of haemodialysis

rrrrrrrrrir il
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= w
g )
& 'S £1000 5§
= o
g 8
2 a4 L8000 =
s >
2 =
S 2 k600 3
3 Potassium =

Creatining s ~
O T T T 400
o 10 20 30 40

Day

Fig 19.1 The biochemical course of a typical patient with chronic
renal failure. Note that biochemical analyses have not been performed
before and after all periods of dialysis
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3- Acid-Base balance.

s < biocarb IV Gk o5 Walady -
4- Vitamin D activation.

PTH J) 38 Qe ¢ 3 el | 3 (e (ohand jmaly o dbadilin (e oY Ly 85 g2 g0 Sl -
s adall yushy PTH J) b cdaliaial (o J g 3 Galinh ABY o ganidlS (58 slina g -
S 9% agaudlS el (San G ¢ ga i Alad) 4 35 & gandlS 33T La IS g a gaaallS A adla

2% PTH J AST Le olie

o &dlaa iy Renal osteodystrophy W smas a gl JIAY) Loy cule o -
A Gy (uy allinl)

.Progressive nephron distraction = <liw il g o gadll) 295 PTHJ) -

- Vit D low so phosphate retention more and serum phosphate high so low
calcium and high PTH.

A sy 63 a gaedlSl) g8 agdi (A bl Guadl g 3ol 5y A B QA Jar oS 1y -

(A el o L iy galing () G 2Ly 280 |35 G vit D oy Lal; ABiadla -
¢ o) dda Bty Leg Lilad LY (e aliiy 280 50000 Y5 5000 ddually
(i) e gl (sha Aga gy A Ak

Progressive nephron destruction

—~ .

Decreased Increased
formation of phosphate
1,25(0OH)2 Da retention

Decreased Increased

lgtestll"gal serum
absorption
of Caz+ phosphate

\ S ‘ /

serum Ca<+

!

Increased
biosynthesis
and secretion
of PTH

Fig 19.2 How hypocalcaemia and secondary hyperparathyroidism
develop in renal disease.




5- Erythropoietin synthesis.
o LAY ¢ 4%l A9 o4 normocytic anemia e A3 0 ga el A ¢ Adania Y -
hrd G 5Ss (Saa Elall g At (b pduat A8 (2 (lde JulB Waxe (u Lgada g LglSd
J 2 (werythropoietin

- Clinical features:

s Al Ay B (Sea -
dpuial) 3480 -1
dgdd) 2
Lethargy -3
Myopathy -4
cardiac arrest -5
P Jalaiall ala P

SKIN CNS and PNS
* Pruritus * Lethargy
* Purpura « Peripheral neuropathy
cvs
* Hypertension
* Pericarditis
* Anaemia
GIT
« Nausea and vomiting
Gus * Anorexia
* Impotence
« Nocturia
Musculoskeletal
* Myopathy
* Stunted growth

[ \w) ==

Fig 19.3 The clinical consequences of CRF.




- Management:
1-Deitary sodium restriction to prevent sodium over load.
2-treatment of hyperkalemia by oral ion exchange
resin(resonium)+glucose+ insulin, or dialysis.

3-treatment of hyperphosphatemia by oral aluminum or magnesium such

as Rennie or malox.
4- prevention of secondary hyperparathyroidism by taking
hydroxylated(activated) vitamin D .
A8 9 LraseallS ) suld Jary 7 52 Ol Ao o Glds a gacalll) Gl i g 4l o Y
ol IS cdldaall g ASH g QY £ iy
5-dietry restriction of protein.
Ao 555l 3 gall 0985 S8BT g 2l g S oy 3 Glie
6-hemodialysis or peritoneal dialysis.
7-Renal transplantation.
9 (S s &Y) ticrolimus (s dslia clladia o jall ani a3¥ b (o AulS Ao )
) 5 a M A dlad) cile jall nephrotoxic Jsw 43) Ad8dll ws «ciclosporin
5 8 il )
Aaiag M g ddes Yo )+ (e Bala il (jSaa Baaadl 408N (s nephrotoxic gee Lt g
gUsd 7 A e @815 oS o Qb Al a8) g £ iall G ) 38160 e
.nephrotoxicity &gl Lad J81 131 < gl 4390391 (e JBI e ja
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Proteins and enzymes

LDL (s <25l ctrans ferrin «Cmasadl ¢ 8252 50 980 () i gl (bl auda glly
ple JSda cldle Clay 3315 i g ) (980 aJY (e i clalad) J9 5 HDLY VLDL 5
Sast Ax g, i cile cBlas LA M o camadly LA Cpal Lal Lad glay canaally
O g 02 8 b (g dla cllle clag 31 g Sl gl 068y Ll G calt
rofiala P (e ) gl Slay 3Y)
Clasal) Ll (53 Cili oA Lad (s (b AR08 (568 (San (ry cagiallad 34 (a1 A V)
.acetylcholinestearase a3 A 45 pdall
BJRa U 29 gall 0 g adlly ab 38 55 Aty o) agieli massd) S (e sl

- Total proteins:
) prealbumin (s 4Lie) lasy (e gal¥) 98 (g siS)s ullin total proteind!
aal) Jeaw ) transferrin 9 «Osa ) (e 33 52
sliza total proteinsd) 4 (duas 3 9 paraproteins Y=~ total proteinsd) 334
S G2 (g Aaman M g JalB (e galY)

- Albumin.
£ Ao e (i cag ¥ Chaadll o e g ) 0380 9 major plasma proteind! s
(S e sl (9% Ol A 2l ol clgdS Al g s (e %0 0 (e S Slan ca s
Jaxy 7 Ol ol G Al Aalin g adl) dlasan g g ) gam) Daiilall (8 J glgmnn (e sul)
.edema
- Causes of Low Albumin:
1- Abnormal distribution:
35588 A g) acute-inflammation 2535 e 05 S ald a5
.interstitial space s s OmasY) i 3R 5 permeabilityd)
2- Decreased synthesis:

sl 3 L0
malnutrition adis A s ) a4 55 (1
Crohn ' cystic fibrosis ' giardia ! J4~! Y s 9 Malabsorption (2
ulcerative colitis ' disease
Crasa¥) e 5 alh e 38U A (3
3- Dilution:
da S QUL 3l g )




4- Abnormal execretion or degradation:

160 G (4 SS)
IS o iy Jla catabolic state e S lysosomes R (agl¥) ey (A =
alhasd polyuria adais I nephrotic syndrome e ) A A 4ds 4l =

daugia (98 a4l J98 C& glomerulasd) 4t A3 Jsall g el

microalbuminuria aadis ) biallg g Sl a0 2ic =
.protein-losing enteropathie 4aw! 3 g 4da13 (2l ja) G (e gal¥) 3845 4%)
AN Ay 0 Ges
i .

Normal

Fig 25.1 Pathogenesis of oedema in hypoalbuminaemia.

S B S8 (e o) san¥) Jabiall Cun (il geal) B ¢ Cppa gl JB Lad S g2y -
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- Specific proteins:
el g all Job Lad g Gl ) 0 i gy Culld (e gl g2 g (ol ) L i L)
Ad)Bal ) el (i ASY e gul) Bal ) el e Ua il La 1 glaY g
Oy g (5938 G 9) truma ) Aulend) ay cllle 5368y of cilisig ) J g

1- Alphal antitrypsin.

el Ay Slia Uig a8l (5 g Silall (o Al (5 slae ¥ g dad¥) any (g 2
zo ol s catalechtasis s emphysema Jax 7 < aadic (el ala g | gal g
5 (lecithin 4aw) lung surfactant ad shas (laS g (i g sdl Sa aa ghay
g Jo aalihe La glg (g odie pidlhy 45,0 Wara g (a9l s bronchodilator

NN
Jay Lia Al (8an L GITJ) 6 Al s 4l (S0l oo (a3 53 50 (g ) S0
.cystic fibrosis

S aadi g dlia JSUia Jara @Bl S oth cbile ductd)s 2SI 4y 352 ge
2- Beta 2 macroglobulin.

.renal dysfunction A& Ja 4.l
3- Ceruplasmin.

se Ay cwilson disease Jarg pdl a7 galadl) (Bl (S 18 (aladl) Jaay A
Appas ISl Jary g yall db g (aBU G gl A (198 oua pal) J g0

4- C-reactive protein (CRP).
(O gy () g lilgal) gais olina e GlS slb (ESR) Audiy deUially (ancly Jla
A 5 SCRP ¢« senstive CRP 4aw) ¢(pie © (pa a5 gAEIS) (g pl) A (e (33) 45
dSd Ve @ e

5- Ferritin.
Ll Jary dualig B 008 7 Gl daal) o) AL A 2l ol caaal) (555
6- Haptoglobin.
L () ol pa¥l G cdgd (530a g G ol gangd) g (198 A) Aanad) (e (Cifigal) R
A (98 £ G6PD deficiency s sickle cell anemia ! G 55 hemolysis
AL

ry

7- Thyroid-binding globulin(TGB).
Ohdad adlly ey 38 7 ) Gied non-polar O sl cubla (il adaly ¢ g ) Al
et £ Sl S 918 (gl Aa gR g JBU A Y ASU g U Jea g g pally (diay Ly
Axdeal (i ik AL A 18l A A8 s (68 £ 09 hypothyroidism
Wl Gl e B8 (e dgd Ad) e ) ks Bl OIS ol e




8- Sex hormone binding globulin.

daglia gaic 4d) Wlina e 15318 g1y caally (g i) g g fimm g el Jany -
d,é oLiadl La $J Cod gt
9- Transferrin.
A ARLA Ly G Ba ¥l g Gl pdd) 7 s waal) lde dgage MR g caadl Jaay ) & -
tubular Ju (sa04 28 Ao 9% A b g B Y1 o Auli Lag waad) gy (Ll
J# (e sUaA) Y proteinuria
(AL 153 s lie agraiial (55 divalentd) (Bl Saall g a gl dBaNe* o
43 3352 94 () -co0d) g 98 Cuns cbile acidd) e (9Sh agd 9 A A8y )b G
.bile salt ) 539
& ow divalentd) Wl cmonovalentd) Wie pllas ulul J8& SI) A3 o
Ay adbaly AL A (i 4Kl ) g o J g (e Al (e adkay Y ¥

- Enzymes:
agd ekl Jla ol G ccoagulation cascaded! dalas A JAan agia S s Gl Y -
La ¢ ADHJL agallads 5l clotting factors agzlaaiy gadle o (Ll gt Jary 7 Ala
g Lad)
Crogla A g 1Y e (e dlud AST Sa (o) (ALtE (oS0 Lgtad apdal) auda olly il 301 -
3 G QS Gl Ua i la o) S e Jla ol G camala JSdy & galy LA 408 &)
i dlle g @ jlua cilag 3Y) plaa (ng Asd glall persistant (98 Gl g (b s
Aoman gla g Ll 5l jalia Vg I3

Intracellular

enzymes
< -‘i <% a‘- appear in
S W v B SRS W B plasma as a
“‘ .‘ 2y ,‘_“ .- Xy consequence
Enzymes Enzymes of normal cell

turmover

2 C | |
| : (&) =
Increased
= = plasma levels
of intracellular
- B Ll o ! enzymes due to
P4 : = =
i

cell damage or
cell proliferation
Fig 25.2 Plasma levels of intracellular enzymes
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- Serum enzymes in diseases:
1- ALT/AST:
O (a ph UM 9 agasd G aga g yeadlSl) g cBlidand) g 28l ( pas ) gla
2- Alkaline phosphates:
fibrosis ) 3 gaaas 4 ) sall < 6381 Janid) G <ile ductd! Gl G5 S (Al 3 oLAL
b Sl Ol ey (i g e aila gl a9 anaadly 393 5a Q8Sag <( o £ QA )

3- Amylase and lipase:
OSaa G Ay gaal) Culalidaally gllaciy Aoy W 9 acute pancreatitis eliza e !
Sy M e Sh ADY g yall Cgay ot T D5 e 5 uba S puallS (055
Juaiiv) g Jalls g8 aglbe Barall ¢l

4- Creatine kinase:
.creatine phosphate 4wl (b ) 6 933 g2 dlaally | g2 4 (S (e SUAA) duda
5- gamma glutamyl transferase:

(e oliad) g Al (a4l £ Juy

6- Acetylcholinesterase:
neuromascular J& Jgiswa 52 9 Aldl) ) gl )l ik o (1S s
.conduction
Jern g cdumnbs ()98 ) AlaS Al g aa Y A ol Al 1 5440 J s pesticided)
.scoline apnea 4awl 3 g (uddll) “lary JL g anaethesia

- Isoenzymes:

e (55 a3 molecular form ¢ S 392 9 slina

Sl aa) g g anzall aalg A alkaline phosphatase -1
iy Lo Jd) ¥ Ada ad ) ckd) -2
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Immunoglobulins

gl O« plasma celld) Gk (8 ) srialy @iy » Lab g cantibodies (= 3,k Js -
. B and T lymphocytes) L 5 1Sl Lgdlaa g1l g aliel)

28 g L (0 6<s Jakal) duay Ll cuta dand dujdm?‘i\wuam‘a@\%g&a -
G588 G5 7oy AN A Cibgy ald jegd £ oy G W Sy Y g Balaall Al (i eS
A Ji ) ool § g Ll Gulag oy el (ldad L pui Slay 31 (5% 9 Baliaa alusal
-L‘%U'ﬁ dalaal) el-uem BTV

- Classes of immunoglobulin:

AliaBh g g 2a) g JS ansd i ad oo gthaa
1- 1gG: Neutralize toxins, activates complement.
REARPLAN VY DR Iy
2- IgA: antimicrobial.

A Cess Ugusss Mia gy
3- IgM: First to be made in immume response
S gl GESENG g cbiga) eVl e 088
4- IgD: Cell surface antigen receptor.
oy JB Lty clas s Uig 88 (1 dual (AU day e iy Alial AU day oy ol
bl

5- IgE: antiallergic, anti parasitic.

Fab —

Fig 26.1 Structure of an immunoglobulin. Fab, antigen binding
fragment; Fc, constant fragment.




w2l ¥4y <light chain 9 heavy chain (» 8abaall abua¥) ¢ s (o) (A g g
B o2l el Ay o Ao lightd) (B Ul pal 4 Az cchainsd) JS Vst b i (e
bence-jones 2 e ctillle (il ag8L (&l 4l 4 g« Je heavyd!

& lightd) Jdesls (B0 Jid eliad) ) proteinuria

- Separation and measurement of serum proteins:
1- Gel electrophoresis:

IR i Al Y o) Waga g gl Jali (ldis cilifip ) gasdy Juadl Lles A
9 heavyd) 2525 9) 83 o) (el 4d GAS 5l ay G i Y 51 352 54 Camall (2 yall
Jdight
(plate)a s (awas 4xalyy Mia agar-agard) (e gile A Jaads 41 ik oo Llaady
Hlow . Aal) (gadodty Wany g lguandi Uay ) Gli g ) Jaady g <l gad 408 cauall 2l g
B9 (2 S b Aba ghy A Gl i ge kil Ala gy g electrolytes 4
o) Ay ghaady (Gl ¢ ) shaly agl) dua B el (lds dolu ludy)dela
Cpamyg (Us e dipall s (lds Us 33 Basa ge (e &l (Lis) radioactive stain
Cigoal) £ 68 G (A% cquantitative $ qualititative (el 7o S Gk s
g g
Gla ¢ iy Baldaal) alua¥) 4uda fibrinogend) Dle 43) (ep dadiill CUAL cilala 48
Al Sy antibody ! errord! S ) s

— N Y =

I ’ v . = |

(=) Originm

FParaprotein
bOarncd

!

| % e a9

() Originm

Decreasaocd
DOarcd

| B |

Ficg 268 .2 Electrophoresis of serwuarmm
Proteim=s. (a) Normal pattermn; (b)) paraprotein
Oanmnc; () cx,~-anmntitrypsin defhiciemncy

2




. Y ' B o2 o4 )
Globulins Albumin

Fig 26.3 Scan of an electrophoresis strip.

2- ELISA:
> kit A 1gG (glads (oA kit W) IgA (A «oaA Kit W) immunoglobulin JS -
.02 Kit W) aga Baa 9 JS heavyd!s lightd)
3- Immunoglobulin:
B Bagage ga Al gl daalyg Gall g ad Gy (g Blag Jgd ANG AR b -
Oy (uy CBCJAT (65 il adlay Slgadl ald (eS| pudad ) (e 5380 L J sl
244 light 9 heavyJ's antibodyd)

Jdalaal) el.u;‘il.g a% 9 83l &) g l.g_ﬁ OeS Q,J\ oalY e USN @ Cuala*

- increased immunoglobulin:
JS 2 9 monoclonal (fx 2alg £ 5 A (Saa Lid g cdusUial) () ¥ e (g 5
¢ «paraprotein 4aul 5 € 55 Qe gl alg £ 58 (AS ¢l guy cpolyclonal g1sY)
(e pall J 532 « Myeloma, waldenstrom macroglubinemaagaw! (i 0 e
i) (S84 heavy chaind! ¢« laaads cparaproteind! A




1- Myeloma:
A aa g Jar g o Sy g 4 ) sdin g J VL adarlly oy (Bl g ae Gl (8 Bk -
%50 4sudy 2y heavy chaind) cuas (398 Lla (5 ) paraproteind) 33k 4 -
LA ) Wlina ey light chaind) cule altag (%15 dswds San light chaindls
.Bence-jones protein e 3 g J& L L (g
S myeloma W 48 s Etilogy of bence jones proteinuria Jls« ) o A -
Sl Gl A
rdarsa algd (LA aliad) £lA5 0 98 meylomady -
multivitamine 5 a2 (LS 4allai 2 D | jaal) 2l LA bty 48 -1
L9l (e dgan) (e 4 g Clabidaa b o D8 WBCJ 4B- -2
iy 3 (pe dgaal lde (S platlet kS 4xke) o M platletdy 4% -3
¢ s Al s ciclosporin ) tacrolimus ¢ aiadl glAH cilhdia 40ke) 53 -4
Cra OlaS 5 3 zlall e sl 7 5 ASIS M (g yall b ASY) | 5 ey agdl JB LB Le
A aalgs 7 (A desay JUSY antibodiesd)!
Cr Cigay (Saadld Gl sall iz chypercalcemia odis sy £ AL A Ll 40) Lay -
O] e i A8 Qi A
- Diagnosis of myeloma:
1-paraprotein(espically heavy one) in serum or urine .
2-plasma cell infiltration in bone marrow.
3-end organ damage include skeletal muscle, so CKMM, hyaluronic acid,
uric acid, myoglobin, pottasium will elevated.

2- Benign paraproteinemia:
VIS g ) Ge O8I Baldaall aluall AL ) abdie (58 | GRIAT Ll alddl -
.meyloma _xay g slad sl GilAS, (lds aguwdlis follow up Jead s

- Deficiency of immunoglobulin:
alua) el 7 5 irreversible agali ) cud) (IS gl (Balian aluaal phdie (28 Jgaa -
abe plaide) ) dead o) Ll 08 o Ll |y (ha Balias
-Types of deficiencies:
1-physiological: levels of IgA and IgM both low at birth.
2-Genetic, such as:
-Bruton X-linked disease.
-agammaglobulinemia disease.
-severe combined immunodeficiency disease (SCID)
3-Acquired, such as:
-malnutrition




-malignancy
-infection (HIV, measles)
-immunosuppressant drugs such as azathioprine, ciclosporin, tacrolimus.
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Myocardial infarction (Ml)

AlS Sl coronary artryd) iz daSadis Lilad) A 9 «lll) LAY < slina da -

- Pathology:
«coronry arteryd! S plaque deras s o) 7 (A Ol s leal i N L -
AR g o 68 Jda aa gy e (el
stress hormone ¢ Gmabigdll 4d) i3S 7= 8 (Saa ol pd biall 98 W a Y e -
‘uag&aﬁg.“ ‘au‘)l\ 40&5%@3Y‘MQ¥UJJY‘M‘J§JSJGJ3\ A oY) Sy o

1 LDL Cholesterol| | 2

Platelet
. ~ >
) /

cell injury

Foam cell Cholesterol

Fig 27.1 Development of atheroma in coronary arteries, with histopathological section
(bottom riaht).

Acute coronry syndrome st (U awl L) -
. STEMI, non stemi, unstable anginag) s ¥ e 438 slay -




stemidk cecgd) (b 015 non-stemi $ unstabled) <& s 2l ecgd) un £y -
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Fig 27.2 ECG changes following an MI. (a) Normal ECG. (b) Two hours after onset of chest pain.
Note elevated ST segment. (¢) Twenty-four hours later the patient had a further episode of chest
pain.

- Criteria for Acute Ml:
N 5 Acute M sdie Gadall sl Ja aSafy M) julaal) g& ey -
42948 £ s cardiac biomarkersdl 834 sdis (5 7 Ad) ABaY) 7 Al ab) @
155 d (e S g Bas ol ABLGVL (g g has
a2 g (5 sl (2l e )-)
.ecgdly &l i-Y
.ecgdu pathological Q wave _s¢&-"
Sk il g QIR 3 ) e clas Ad)- £

- Criteria for prior Ml:
TMIJL Jad L J8 (g jal) dis LDl () laal) dla -
Y 5 o2l 352 5 #) s pathological Q wave _sgi-)
Al (e @ it A g QBN B ) gua-
.« L-homocysteine O5<:-¥
N 9 e Gy ol gy g Al ) Gl Jary g pall Ay g8l (iSaant




- Cardiac biomarkers:

1- Troponin C:
d Essl (8 (Ao Sy g skeletal muscled! s Ll Ay (il specific oie S -
(1S gl
2- Troponin T
.uterusdy <l gl skeletal muscled) jwsS Lal (laS Arugag V€ 28 0 -
3- Troponin |

S8 s 4N troponinsd! ¢ specfic 2alg S| ala g ol V J 0 (e maby
Glb 2l el G ghay (Saa Ji (ACST specific Gis troponinsd) ale JSdy *Aaadla-
1) Al
1-myocarditis.
2- pulmonary embolism
3-stroke
4-even in non cardiac conditions like sepsis.
Stroponind! rolesd) s& o -
Mid! pasidall-
) ad gy cillle gilS ol G (ol pall s 2B 55 ixy prognosisd) s -
.S prognosisd!
G ) fibrinolytic therapy ) ladlall cladul (ay jal) Ja gl glis =¥

&
4- CKMB
O 2a) g o gy daly AT Gy (383 dal g JiS) g S e Gual A
5- CKMM
elan) sl ay (Sas 4 specific (e
6- LDH

land) s g) sl (g 3 B S &l pa) @ A g specific (i dua A
7- ALT/AST

A Mia Lal cileidal 1 J 0 (e sl agiY ACS A1 L) (Saa (s «aS specific G
b e gl A€ s g g gl Cimiia ¥ glan A




N o) ACS Slad 43l Sl cldis any aa aglS aglaad JadY) 4d) duadali*

6X

5x

4x
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Fig 27.3 Enzymes in serum following an uncomplicated MI.
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Liver function test

Canaliculus OO Sl!\usold

Enterohepatic mall intestine
circulation
= _ Hepatic vein
Bile duct < ° 8 " 'Export proteins’
Bilirubin - < v e.g. albumin,

prothrombin

/; ;\ h I, Amino acids

. A / Glucose

Oxidation :
Glycolysis
Synthesis
Detoxification .
o

Bile salts
Glucuronides

Lipids
Urea

| Nutrients
| ToXIns

Portal vein

Fig 28,1 Liver functions

- Liver function test:
1- Liver = metabolism center

L8 LS pal) JS gl jpuss
2- reticuloendothelial system.
) £ aadlg pliasd) anll uf S jauSip aiaal B 58 agdl g lany ae Jadall g A S
(s
3- Detoxification of substances = Convert from non-polar to polar
ta pdhay lde Yol Adgaid (il i ¢ gl g0 IS Y Y g dab Balal) e AT (b
Jsd
4- Secretion of bile acid salt.
daga 4835 5 L) + emulsifier & GIT Lo GhaS +0 9 il 5811 (o Galdli (lis o
bile J) (2 pgia %95 (ulailly paall g a gandlsl) (ha Galdly
Sy 4 gadll Lo V) sa jaua | 538 agdli il g (9 S A pualin) 1 @
akind) 4581 g1 i ¢ aaal b il (31 Uy da oldis ¢ iy g da B
ad 2l gl (lde ¢ Adliy (g Ade (Blaia anal) g e S ) G J)
LGl g g gy i Gl JIA




- Importance of liver function tests:
1- Measurement of blood components that provides a lead to the existence,
extent and the type of liver damage.
gl Ll ¢ B Ba g ga (e L gadaa La e g AL Lgtians ey 33Y) 4] el puagl) @
¢l B adlaia L) 31 8) JS i Sl cigal Sl LD g adl) B cilag Y Al adlaia 2l
lysosomed) sl g Aall € agia aldid (e aally gallay Lal cubs (ALT,AST 36
L Olady) Gigan 9290 e ol ¢ A Sl g aguad
LS gl ey Lgad ) el La ) PRIPN( «® beta aminolysis g PAIEN P e
L paldlyg

2- Measure serum albumin concentration.
b Ja¥) b i SIS e S A0 Gl 0l sedd) lad Ula b oldic Lgh ai pga o
sl e Ji L albumin J) WS Gl gl dpda pall clal) le) Sual g sale
hypo Jaxi
SIS Saag )58 edema Jax c 551 40 0 4 @
3- Examine if there is obstruction to the biliary tract.
4- In case of Acute hepatocellular damage.
5- In case of Chronic liver disease.

- Bilirubin:
e Heme » bilirubin » conjugated with 2 glucuronic acid

JULY) & dday 28l 08 La ol dlia (e J sl @ £ 92 water soluble 3 e
.neonatal jaundice Wl « Ly i £ gaud JNA Jikl) Cigayy jliuall yuan

agd ¥ ) ol ¢ QIR Lgad 2l olina Alle gtad ) A unconjugated J) o cuk e
Jaad (i akad Lgle LS Adle pilirubin J) dsed OS1 e 31 ST olina sl JIA
Al sl s

I dsall s s sl Lad &y ) gal) BUB LAl i (5 e A ()9S5 1S 2ay (Saay @
= jaundice J) uai s lul (Sas d (L& bilirubin bound to albumin
Adpki o5 La b ¢S bilirubin J) Jass albumin Jstse bl

A&l g adl) Ji blood transfusion 4ads e

- ALT/AST:
59 hypoxia J! ¢ necrosis sl damage ¢} ¢« Js3 (A G bk (B & 48 o
QA @) j fatty liver disease s Ll 81 cath g ciila LAY G cpasY) 8
lsdbaas ¢ fiver faliver ¢ (it omas (i gliay 13 fibrosis Jxaa g 281 Jsa
Sl sil) (e dilazl 10 51 20 (Al adl) B )l




- Alkaline phosphatase:

ASi b 2 ¢ Alal) BURY Suidy cholesterol qus da)) sall & guas
dlany W gallay g Jul8 Lase 685 B sl &l guaald) gf jUalay B psiuall ) guaally
S B gl g canl g il gumal) g) ABadla ¢ Bdd Gada Guiading B ) sl Jlativ
Lailgd A5 L s
day G L O paly UALal) LA g (uly Sl BURT JRIE 5 ptual) &l gacaad) o
A aiagy W ) cila 3 a6 ¢ oul S iy (pe g
Al adhiy e ) B Al 2SI 4d a3l Gl g fibrosis ¢ ol ) 4
aas (18 oy Y Jaal) e pAY) il b g ¢ alkaline phosphatase
O5S hasS 4dsll g small intestine (o2 Qo ¢ Ciad) die g dapdiall B (i)
. e
ELISA J422 OSae ¢ calide il Al aal g Js

- gamma-Glutamyl transpeptidase:
A g A (e larg g ¥ il g dag A
ol (g Ao T Alall) G 0 338 i e Allad 93932 phenytoin JI #1929 Jsas)
il adlad jualy S il

- Alfafetoprotein:

Feto = fetus
i Agh ¢ & oll) aay Bliadl gaal a9 ga g pa ) (A Cpiadl g aad) sy
Y2 dda Sy S st sangd) (5 BV gl piiay (I (piad) agadia
tg) OMaedl S jla ey
1) Hepatocellular carcinoma.
2 sAdha slira ald Al Jay Le die Gl £ 6 Y metastasis JS
. 2 all ALl ¢ < phase 4¢ awal) slad) Js
2) Prostate cancer
3) Ovarian cancer
- Prothrombin time:
AN o (eS¢ Aglaad) S8 (i ¢ IS 8 AT g (498 (g dall Jalail) i
" Sl Al g e
LB gl A 3 g5 s




Ssam i ol el Gl oy 280 i gl Galy (e 48 450 51 o

Clinical note
Diagnostic imaging
techniques are at least as

important as biochemical tests in
the investigation of liver discasce.
The arrow highlights an arca of
detective isotope uptake indicating
the presence of a liver metastasis in
a patient with disseminated
malignant discasc.

Fig 28.3 Scintiscan of liver.




Qs & Yeplloaps
Il BB e
Lok gl

oA C)-D,LQ)"'
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Jaundice

(e S) ay Ll cbilirubind) st Gy Cpadl g alally jlda g2 (8 )

JInternational unit (1U) s e a8 11 3a g < g8 (& ) las micromol/Liter50

Sl sagSila Yo G J3S) bilirubind! A Ll G gall (e Gigallg

sl Alguska Y ¢ 8 bilirubind! Assal) 4wl

Nadiy lLag hale A<l Juud Lol cdgaa an Jaig Juasi 4s S rdlal)

- Bilirubin metabolism:

Jakall (s 443) reticuloendothelial cellsd) Jb sl agy VY« JSRBCJ! -1
.unconjugated bilirubin gl z g (<itd ) 3 el LALiad) ol g

glucouronic acid (i) e 2l g aSlle 7 9 55 7 unconjugatedd) g -2
.conjugated bilirubin 29 ¥ 5 @S el Jealiug

.bile ductds 7 sum9 214w conjugatedd) (< s 2 -3

S 4 $2 9 stercobilinogen J dua 1, 6lil 5k o8 Jsaly ¢ bile ductdy -4
ot Al Sl AT A g ) ) pe adlalyg 5S) Y g

Cra Auabalia) Ay g 41X Bala o S&y 7 5 awal) stercobilinogen (» sja 48 o -5
Al Adsll e albia 3 9 urobilinogen 4l e g large intestined)

Reticuloendothelial
cells

/Haemo lobim
breakdown

Unconjugated bilirubin
(albumin bound)

Liver

N et S

Small
intestine

Stercob*lnogen

Portal vein
Stercobilinogen | =

Large
intestine

Kidney

Urobilinogen

g 29 2 Bilirubin metabolism




- Causes of jaundice:
1-hemolysis of RBC.
2-failure of the conjugation mechanism.
3-obstruction in the biliary system such as stones
Ciil g sl e uncongatedd! s «slally culd ¢ sSs conjugatedd! :4kadl o
Ladi) i) & o A1) (Saa Ul G caglany 3 Cna gal¥) g (8 sl g JSUEAL ) lany
Aabu o agaly (lie Al bilirubind) gls
Al Gy glaaty g a0 (Sas dala (ol €800 S ua (e
daul (158 94 (A Jla JUYL ¢y cneurotoxic Uiz bilirubind) @Y 43adk e
JUlY) Jg@ dusy unconjugatedd! (A G3S G52 sneonatal jaundice
@Y quls (e Ak Aol g (3,00 s g2 4adle 5 e (19Sa e 28 Ll (58
ey Ciga (Saa AY As puy Adlle 7 gl S e oS gl
- Biochemical tests:
1-total bilirubin.
2- unconjugated bilirubin.
3-conjugated bilirubin.
4-urobilinogen.

.iiy L sterecobilinogend! -
Abany WY JUATE Lag (33 plal) Badwa 3 gan sl surgical jaundice 4au! &1 B -
- differential diagnosis:
& bilirubind) £ 58 s& Gk oo GBSty I Qlaal) (p GAAS S (8 Sadak
P T

1) Gilbert disease.
(4 Y unconjugated! uptake Jeats () ASIL BURH Cuay ( Jlog pax s -
Wit B 7o adll adle Sy 7 A o gad dpad 7 5 ¥ g 8y W g Al (b A Jladal)
.obustruction ¥ 4 Gl A ¥ ad i Y A&l ) gy ay
e 058z R unconjugatedd) (e -

2) Hemolysis.
18158 Ada 4
A- acquired autoimmune.
B- drug induced like methyldopa.(which used for parkinson and
hypertension).
C- Congenital spherocytosis.
D- Thalassemia
E- sickle cell anemia




F- glucose 6-phosphate dehydrogenase deficiency anemia.
G- pyruvate kinase deficiency anemia.
i gl g 3 ) ghaia g Bayaa 53ls) haptoglobin Weam) 4300 Bala slas (i sl sasgd)
315 dasls RBCY) (oing Aalle Aluuad (5985 Lal 2 g (Lgwsdi rbed) 15 (i g B R 352 54
Halyg aalle ally 7 ;5 rhed! s Lal Enag crbed! hemolysis 4 iz AL Adud
(oS AL sy (ldind ey
1098 o £ 5 e LB (e hemolysis 48 S o Ay
.«* unconjugated hemobilirubin J'-\
& (5% total bilirubind)-Y
& Uha o o) 392 94 conjugatedd)-Y
.25 haptoglubind!-¢
RBCJ) 152 (1588 AV by LDHJ) (ia-0
2\ phototherapyd) <Y+ + ¢ J8 Cumg ubidl (1S9 hemolysis s Lal 4l gall aic
PRty (P RATY I RITY
2 Ja a Y A [0 ga S5ke 300 (30 ) gl Jla ol Allay
3) Hepatocellular damage.

T 095

WA @ A ) ) gl @l g daad) o] galiawl Jb ¢ ) 499 o pand (Ol p < 2S Gilgl)
sl

TSR

ORA dwdl 4l 4N ynconjugatedd! 2z -
.total bilirubind) 23 ¢ -Y
.Jeaiua urined bilirubin 4 &S La-¥
i Vo) gla a8 oy (S gl cdmua Yo cldle alt g astd)-¢
oAlie 0 cpany i ) ALPJI-0
4) extrahepatic biliray obustruction(cholestasis).

gl

&S5 o (Saa stable Sl A Ll e phbd) jliial) G guaad) g <) pally < g -
DA Al g by ) @l 98 Sl g g & Al (Saa Jlhuall & guaad) g lgde gy
PSSl JS i Jhaual Uiy dadlal U ja L gl g cale dalky
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.modest elevation (% Ci:dd JSdy (| sl2 LDH 5 ASTIALTJ-®

Table 29.1 Laboratory differential diagnosis of jaundice

Features

Haemolytic Cholestatic Hepatocellular

® Bilirubin ® Bilirubin may be TTT m AST+ALTTT
concentration (Eilirubin in urine. W Bilirubin T later
variable o

B Nebilirubin in urine B Alkaline phosphatase, ilirubin in urine

B Reticulocytosis usually >3x upper limit W Alkaline

B Haemoglobin of reference range phosphatase T

later

® Haptoglobin 4
W [DHmay T

B AST, ALT + LDH usually
modestly T

Uxa Ul La 55 Ua aglas ) gisall g adladly bl 8 9ol







Acute Liver disease

Jal (b Qi g Sl Lal jus) g Madly alaia ¥l dla clde Sladl e Jal 4dd a0 9 < gaSYL
ol

e (Causes of acute liver disease:
1- Poisoning: such as paracetamol, chloroform, carbon tetrachloride ,
alcohol abuse
2- infection ( viral virus hepatitis A or bacterial ):
A 09 £ gian dry 2SN g i LA a3 (Eiglall JSYI e A Gl (g pudll S
(Chas cllalus (Saa g alil jde gl £ gl A 938 G JSb (S (LG AIBS (gl g
interferons 3 433
ity Ciral ) A lia Lal u g bl) Al (5 g g camend) (B (alS puaas (su il L dny
) i gan g B8 (handy JE ALy pda Ly g (i uadd (Al g Sl sl | g Judag
Aggh Ay S (i g3
Jalsily g Ly 5 Al Bl adially GlaS g3s AN 48 5 hepatitis € (laS (g 4
iy A sia (e oy (oAl

3- inadequate blood perfusion
4- malnutrition
5- chronic disease from other organ

Al 1Sl £ Ja T a gaw 4dg 8 Ah (38 () ¢a chrronic renal faliuer Jie

6- plant toxin , fungal toxin such as aflatoxin
dged Mgall Gl Ml g e g L 30 9 b agandly sLAA Jala
7- some type of drugs ex Tegretol.

Jsb Ao cind g pdie Al Al (sa ALT, AST JI Ua ey Sole 11 -
O gobal) ABaadla g Jleal) il o539l Gza g0 Liry aiall & Gl £ gdin g2 e gl -
bilirubin LS agra Guly ( alul) Laa g (<1 U La 55 Ca e 43d)
(23iSe 4ulas JaB (fa JIA Lgsb 2<l) 4 Taa ynconjegated
) Gl gan ey M) Ml 4sh 43) Ula B (5 5 (e BB alkaline phosphatase J) Ua -
e A cholestasis J) ¢ Lt L
e Outcomes:
2 0S¥ Gl yal LAY
1- Recovery
2- Progress to chronic




3- Death

What will happen in acute liver disease?
1- electrolytes imbalance such as hyponatremia and hypocalcemia (due
to low vid D)
2- acidosis and alkalosis S A ¥ o
3- hypoglycemia
OlasS g L A JeSta de o el ag¥ AUl Jesla Vg o sS¥a Y sy A8 -
a3l o8 Baky iy Sl il et (e (ol g
OlaS AT ASY dag) ) 4K AS) slina M La JS A€ (ja ja Jgda La JS 7 ABaadla -
4- ammonia increase (20x times that normal), urea decrease
SIA Aa ot B gl (o} aA] (i jaly ALB L, pll il Sy -
5- Hypoalbuminemia
< LUK ) ascitis Gl 2 edema s « 4iae 3 5 edema prain Jars g -
(ol g ol Ladall
6- Bleeding due to decrease synthesis of blood factors.
Lo dilad) uad  druprothrombin time J) i Ogadeay )38 (e 2l oY -
vit K, antidiuretic hormone &= 12 (= Ok A ol -

Fold increase
over upper limit

20x —
i | I_- I T
lirmat

range

Fig 30.2 Laboratory findings in hepatic
failure.




Chronic liver disease

160 (AU () e gl g S Jsadacute (e g b
1- alcoholic fatty liver
28 J 9S8 @y
2- chronic active hepatitis
3- primary Biliary fibrosis
Biga LSA a3 A0 5 30 e

o Etilogy:
1- Irreversible
Aggh Jira yua T oum Ay Jlalalin i an A
2- autoimmune disease
Oy a yal) Al Jaf 43d Lag ¢ 48 LBA Ceals Antibodies .J) (Sle g e A (Saa
citia (e aales el gl o 0S¥ 280 Ao ) i Ly i
3- unconjugated jaundice and alkaline phosphatase
(22 1000 Lia § S 5l g Adlaia) 5 300 Cmssbed) 2 slad) LBy acute 4
S 99954
4- terminal liver failure

JAln £153 sY metabolism Jers Jaks 430 28l das g 3498 JIES 7 LS al ) Ay
2l 358 DA ale

calal) cual aS) 5 bilirubin J) 53 ASal) el g SN e o el ) sLdY) Ga
el i paldiy L alallg adll 3 B35 ga gl dndda Juaiy bile acid J1y Lisa¥ly
keS¢ 585 4L immunological response )

e Unusual causes for liver cirrhosis:
1- alpha-1 antitrypsin deficiency:
L 5! < neonatal jaundice a3 juay (Saa Al J Ll JULY) agall cclia Jd olisdl
0955 cirrhosis Jazy s (Saa G gl gy (ol aadis (S Slal Lad g il gh g Cpllad
.juvenile cirrhosis Y-
O ) 08 O goall A (el agdand 7 3ad)

2- Hemochromatosis
yaa qle ) gyl JUik) g i i AT sy laa ol A8 gdiy canaal) oSl 5 Jary (a a
LS Al )
allle )9 s< 7 5 ferriting transferrind!y serum irond) a4l Az
.chelating agent < &5 glally




3- Wilson disease:
gladlle cigdy Lulaild cceruplasmingd) A8 cuaen couladl) 33l 5 48 ¢y 98 () 9 U s
AR ek g Ayl g
4- chronic ingestion of pyrrolizidine.
Bl cladld g cliSue GlS yall J g
5- chronic ingestion of alkaloids such as in herbal teas.

e Liver cancers:
- Causes:
1- due to secondary metastasis.
OB @ LIS g £ ol ol g camadly (AU Glan Gl (e sl (A
2- primary hepatoma.
1 Aai (S Sea g Al A8l Iy (gl g

A- Cirrhosis
B- Hepatitis
C- causative carcinogen such as aflatoxins.

daul S ke s primary tumordl Arw Sole i8I oS sl g g8 sliad) &) S
.alphafetoprotein
S A Al ga Lead Uaf g ulh <29 ga Qi g all g Lind g 352 90 (9SS Lal) ala
O ¢S Lal B g ga Jhaly 9 Jausli gd suas hemoglobin F ) <ilisig
S asl p Glau cVay laS ey g adiiy Lag 393 9« Jiaw alphafetoproteind)
.Ovarian and prostate cancers
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