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Usznadoaz 0.04 voninmingd  m3nszered
vouwniiFoulusumenulunszqniovaz 50-60
moluradvea soft tissue NEWITDAIBLALAY
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12 uuniiFouluwanmiegludnuazan o Aoy
szydasy Sovaz 7080 sawfuTilsdudayiiuies
a2 20-30 fimAelszinaifesns 5-10 smfuszyau
1Auf bicarbonate, phosphate U citrate 5EAUNA
vouuniiFon luwaraininnszaa 1.8-2.3 mg/dL
(1.5-1.9 mEq/L %39 0.75-0.95 mmol/L) uuniiifou
ionized form HumumdRyAeMIMNUVBATAA
AN metabolic acidosis 11A2 alkalosis TiliNaABNS
nasunlasvesszduuuniiiFonlunarai
uuniiFoumeolusadyszanadosas 90 Sufuise
30U 19U adenosine triphosphate (ATP), adenosine
diphosphate (ADP), citrate, proteins, RNA i8¢ DNA
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transport, calcium channel activity, M3 A1 11)5-
AU, DNA, DNA & RNA transcription I8¢ translation
Y89 mRNA taztiunumeifig lunisalugu mito-
chondrial function
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FununiliFouid 1difsadnies wis1nseod
#03 luulinaaansvuuniduama lamoadmion
uuniliFeuiouiiu agonist A calcium-sensing receptor
(CaSR) uads hinsmumumiidhdny lumandiin®

MIVULUNHIFBIMA A

Usznadovas 70-80 vewmniliFenludsu
QnnsesiilaTak1u glomerulus uazgngANdLi
nephron TaonalnAna q Fwsadt 10 szanadevas
3 sxgnivesmntuilaanz Sriulsemmemsi
funniiFoud unniliFunzqnganduiilauazsy
samnlulSunaniesinn ewiesnd 12 Haaniuae
Fu wsofinasuilu fractional excretion Yo aNTIFoN
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1NN threshold voauuniliFon ludsy laszdu
unniliSoueeninn® (Uil 2)

+
1

w
T

n
T

-
1

Mg?* excretion (mg/100 mL GFR/1.73 m?)
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Ultrafiltrable serum Mg?- (mg/dL)

1
UM 2 uaRInURNRUEYS4 urinary Mg excretion iV

ultrafilterable serum Mg™*
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3197 1 9UYB nephron i mihfigandunTIFoY

Nephron segment Fractional reabsorption (%) Cellular transport mechanism
Proximal tubule 515 Unknown
Thin descending and ascending limbs 0
TAL 60-70 Passive, paracellular
DCT/CNT 510 Active, transcellular
Collecting duct 0

CNT: connecting tubule; DCT: distal convoluted tubule; TAL: thick ascending limb
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Nephron location

Factor Proximal TAL  Distal
Volume expansion d l ?
Magnesium

Hypermagnesemia T l NoA

Hypomagnesemia d T NoA
Hypercalcemia d d NoA
Phosphate depletion NoA l d
Acid-base status

Acidosis d d

Alkalosis T
Hormones

PTH NoA T T2

Calcitonin NoA T2 NoA

Loop diuretics NoA l NoA

No A: no change; PTH: parathyroid hormone; TAL: thick

ascending limb

l!ﬂﬂﬁl‘cﬁﬂnﬁﬁﬂﬁ 'wufi malabsorption syndrome,
intestinal bypass/fistula, diarrheal disorders Tﬁﬂﬁuiﬁ 1
d.’ ar J ar ar d'. AF =

(7039 uazlsnlaies edoiimiumsgaduuun-
HFouna 1&14un UTinaumniieunanainmsiu
Mg’'-containing laxatives 182 Mg®'-containing antacids
uaz'l45y Mg’ containing enema
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proximal tubule, thick ascending limb of Loop of Henle
(TAL) 1 distal tubule ﬂaﬁuﬁﬁﬂadamsqﬂﬁnnﬁ'u
vouuniiFouiiduma q veela 18us Usuaves
yhlusame sedunniid@onluluwarmi JZAL
unaFunazweama n1Izqadnsa-Avess Ny
maInsevdses luu faglaiiu wazmsfedy
ez damrs1ai 20

auvgvesazniliFenm® Samnad 3
WuiheRvgsidesmumniiFoudion
$ovaz 30 tosninueansaedtradus Tnoasade
m‘sgﬁcﬁuuunﬁﬁﬂuﬁ'ln HAZIINNITAUDIMITAARN,
diarrhea, pancreatitis, chronic liver disease, alcoholic
ketoacidosis (AKA) L1a¢ phosphate depletion
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#3153 197 5 seauuunthiFouluideandini 0.75
mmol/L dnusuennimsviauuniiidenlusieme
M3t zuuniliFeudl Iaona ludin 1den
U5z 1nseIA Li¥aeun153a 24 hour urine
magnesium excretion 130 fractional excretion 92%70
uenUMAMIVIATINNIAANURALNA TusTILINY
wuomisnIsmsidennla Usinauniideulu

Hlvermziunnnd 10 ﬁnﬁni’udoi’uﬁéﬁquw
dunnmadonila nsdinssauuuniiiFonlid
BHNYAIIUNITIA Magnesium-tolerance test (111'?1i 3™
pniilse Temilunsssdiisonnsvianuniidoy
amgengydauniliFomila® i 4)

139" Magnesium tolerance test
Gudwiuiloes 24 $2Tuaiter Mg uay

Cr A1 Mg* to Cr ratio nmild Mg” vy

0.2 mEq (2.4 mg) aonTansiniminds mavaea

Boadéh q innnin4 42T Taowenslu 5%D/W uoe

sewinid Mg”‘lfu1ﬁlﬁ1.lﬂﬁﬂnz 242 Tuaitem

Mg a2 Crduiterinndmiud ogas

% Mg retained =
Post 24-hrurine Mg** — (Pre urine Mg™"/Cr x Post urine Cr) x100

Total elemental Mg” infused
M3 mmqvmnmunnﬁﬁumh
Gastrointestinal losses Renal losses
- Prolonged nasogastric suction - Chronic parenteral fluid therapy
- Acute and chronic diarrhea - Volume expanded states
- Malabsorption syndromes - Hypercalcemia and hypercalciuria
- Steatorrhea - Osmotic diuresis (diabetes, urea, mannitol)
- Extensive bowel resection Drugs
- Primary intestinal hypomagnesemia - Diuretics (thiazide or loop)
- Acute pancreatitis - Alcohol
- Severe malnutrition - Aminoglycoside
Miscellaneous - Ampbhotericin B
- Phosphate depletion - Cyclosporine
- Hungry-bone syndrome - Foscarnet
- Correction of systemic acidosis - Pentamidine
- Post obstructive nephropathy
- Renal transplantation
- Diuretic phase of acute renal failure

- Primary renal tubular magnesium wasting
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Neuromuscular and central nervous system

- carpopedal spasm
- convulsions

- muscle cramps

- muscle weakness
- fasciculations

- tremors

- vertigo

- nystagmus

- depression

- psychosis

- athetoid and choreiform movements

Cardiovascular Metabolic and bones
- atrial tachycardias - hypokalemia
- fibrillation - hypocalcemia

- supraventricular arrhythmias -
- ventricular arrhythmias -

carbohydrate intolerance
hyperinsulinism

- torsade de pointes - atherosclerosis
digoxin sensitivity - osteoporosis
- ostemalacia

m3uananizanauun ey
> 50 % Retention at 24 hr = definite deficiency
>25 % Retention at 24 hr = probable deficiency

8

Percentage Mg retained at 24 h

B 8 8 8 8 3 8 8

-
o

Patients
sMg <0.75mmoll  sMg >0.75 mmolA controls
(n=13) (n=24) {n=23)

zﬂﬁ 3 Percentage magnesium retained after infusion of
magnesium in normal subjects, hypomagnesaemic subjects,
and normomagnesaemic subjects at high risk of magnesium

deficiency.

MISNIATIZNANNNTIFEN
m'i’lﬁ'uuﬂﬁl%uwmmuﬁuﬁ'umm‘;uma
voamsvia Taowa flenuuniliFousiiadiamn
anms maduiden msizms imadwidens
i lHaamsgandutuniiFoud Loop of Henle 18
indeuuniioneiiamia 1Al Slow Mag (MeCI), Mag-
Tab SR (Mg lactate) 1A 2.5-3.5 mmol #oilia (5-7
mEqaeiia) lunsdifiseauuunii@oud liunuas
Tutioms Ivinaunu 5-15 mmol Ao du drszduuun-
fiFoudnnne1nl? 15-20 mmol AefuTasuialy
Suaz 34 a¥a A1501015 tetany W30 severe ventricular
arthythmia 25 1 LunTiiFey 25 mmol maduidon
Tu 1224 $2Tua 13 seizure 30 acute arrhythmia
TuuniiFon 4-8 mmol Mudwidoalu 5-10 i
AR 25 mmol 11 24 $2Tus Taowenowinunssdy
uuniiiFonunnnai 0.4 mmol/L $1811263in13e hypo-
calcemia 391A28 A5 ILuniiiFousedn 3-5 Ju®
nmstlearunisnauuniideuludilrenqu
@oeldun dihei 183umsomsmadudoniiu
FTUZINUU IiﬂQiJiﬂi:i"N!é’El‘ivd Tsnfifinsgey
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Renal Mg wasting
Rolymss Decreased tubular reabsorption
DKA
Recovery phase ATN
Post obtructive diuresis :
Decreased proximal tubular reabsorption Decreased distal
- Volume expansion tubular reabsorption
- Hyperaldosteronism
Y }
Direct tubular injury Inh of TAL Inh of DCT
: NaCl reabsorption NaCl reabsorption
Y \ Y
isnitiol mevtwopaiicy Dewge Loop diuretics Thiazide diuretics
- Aminoglycosides Bartter syndrome Gitelman syndrome
= Cisplatin Hypercalcemia
- Amphotericin B Autosomal dominant
- Cyclospurin hypoparathyroidism
- Pentamidine
- Foscanet

i 4umenisinsiuen 13an122 renal Mg™ wasting

@euuniideumila §i 85 unduilaoens unsi
Whanas arsuuzhemmsinlSnauuniiFeug
Fam3i 6 a1 hiemnsadulsznm 18 aas Wan-
HiFouaTumuduiion

wunili@eudaiunumitiu therapeutic agent Tu
saii & anzuuniiSoudiiude wuluane
pre-eclampsia, ischemic heart discases, cardiac arrhyth-
mias 110 bronchial asthma

L)
T3] w.91.2449 (53373 19 magnesium sulphate

(Mgs0) Suenfusnuas Mumsmmonaud ne.
2473 nalnAnseengis Inuiiu cerebral vasodilatation
uazfleaniu ischemic neuronal damage 1A block n-
methyl-d-aspartate (NDMA) receptors 910f13ANY
the Eclampsia Trial Collabolative Group™® uaniligioa
18t first line TuM3F A1 eclampsia wuiilsz@ng-
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Analysis of blood, urine & feces Analysis of other tissues
- Serum (total, ionized) - Muscle biopsy
- RBCs - Bone biopsy
- Mononulear cells - NMR spectroscopy
- Retention following I'V administration Magnesium isotopes
- Metabolic balance studies

AWNNTT phenytoin 1A diazepam VUIAT 14
MgSO, 4 gm IV bolus AWAW 1 gm per hour IV infu-
sion M3fNY the Cochrane Pregnancy and Childbirth
Group® ' Aeiueyumsld MgSO, lumsinmn

eclampsia

Acute myocardial infarction (AMI)

MsANET LIMIT-2 Trial"” Tuditho AMI wu
msld Mgso, muduideanould thrombolysis ii
sz Tomivwaadasmadedia 'l uamsdinulu
MAGIC Trial'® uag ISIS-4 Trial" Taiwualse Tomi
voams I Mgso4 muduideanouliuasndald
thrombolysis Amud ¥y Taodarnaidedia iuand

' = w_ o A
vinnguadugy  imsfinunludilein primary
angioplasty lagl# MgSO, nmaduideansuiin
sz asnanh liaa myocardial damage Ty 24
1 Tuanaz hiaadasimsidediauazmsiianale

¥ ¥
Aumad lugsdu™ dntuludile aMr Saliuue
1hmsTi Mgso, muduidon uenvindihowiide
v a4 A = - a ay Yo
1s¥du 4 felinnznauuniliFon Tasmmsdi 143y

-I = = = - 1
M3 6 YSuaveauniiiFonluemiswianie q

nduilaanizinneu n3e arrhythmia ineuausa
aouuniidoy lunmeunauuniiFounas/miovia
Twumandoy wuh s nmnseAuuniiFousnnni
2.0 mEg/L (2.4 mg/dL or 1 mmoUL) lunsdiditiu
torsade de pointes associated with a prolonged QT inter-
val TuuntiFoamaduinen 1-2 nfulu 5w

Unstable angina

msfinen uilao unstable angina wutniiigoy
pwilunumuddeyadedina wuiimsi Mgso4
maduidonlugihonguiilu 24 42T Sroannm
@04 ischemic ECG change, 0 creatine kinase-MB
1azaAM IV cathecolamine N1ilaraaz®

Arrhythmias and congetive heart hailure
anznauuniiFouny1fueeludieii
iz ledumar mnnsiidihenguiiindsuen
Fuilaanzaiineengmifi Loop of Henle finsfinmn
Tuniid@ouyiiasulsenmuduszoeznanm
fiheir lsduimar wuandA3 1M1 non-sustained

High > 50 mg Nuts, peanuts
Medium 20-50 mg

Low <20mg

Green vetgetables, meats, chicken, pork, fish, milk products, yogurt, cheese
Most vetgetables, fruits, egg, bread, cereal
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monomorphic ventricular tachycardia (mvT)"” ue 1
ansasmudediauazinoudiheiirnudeudhs
vioy 1imsANY1 The PROMISE study® §ilhevale
dumaafiiu New York Class TI/IV Wuisedy
wuniliFon1ud it independent risk factor V94
sudden death la$ all cause death

Tun1222198uMaINY endothelial dysfun-
ction Wuilesudhigyesrenilavesnsauiiulsn i
M3ANYIDINAYDI oral magnesium supplementation
@0 endothelial dysfunction Tugileazvleduman
#i71971M15 WU small arterial compliance 14
(10 1831 oral magnesium oxide 4117 800 fiadnTusie
Fu iuszezinm 3 idou™

Tudihu critically ill sz wuauARRAvEIMS
Lﬁuﬂaﬁﬂﬂﬁﬁﬂﬂ'ﬁwﬁﬂ supraventricular Qg
ventricular tachycardias §ilesinii IsanSennziiily
lesgauaumsiNayu hypokalemia, hypomagne-
semia, anti-arrthythmic proarrhythmia 448¢ myocardial
ischaemia 11UAYU M3TA¥IUENINMI 1A antiar-
rhythmic therapy @& cardioversion %730 defibrillation
e linduniiu sinus rhythm SadeenunTsanse
mefidhuilsioduaiumariisngis urgalud
Joyamivayums IMuuniidonludihe ventricular
dysfunction N3 1071 malignant arrhythmia®

Bronchial asthma
1mnﬁﬁuuaanqni’ﬂmunﬁ'mnfm?w Tavaa
msuldouuilas extracellular Ca® influx uag intra-
cellular phosphorylation U ﬁqiaunszﬁu mast cell
degranulation aan oy luszuumuauniele
iims Mgso, ¥ lumsinunTsaveuiiaiil
acute exacerbations WM 1 MgsO maduiden
lugiheweuiiaguus s o peak expiratory flow

rate taztuSATIMIBENINTBegniutasnd Ui
182 yuraeniilgae 2 nsuludluguas 20-25
Soansuderimiin 1 ATansuludn v nebulised
inhaled MgSO, Taoiily adjuvant therapy beta2-agonist
U acute asthma exacerbation %2011 pulmonary
function At 18 i Touarsasmssudihe 3
Tulsanena®

MAUUNUFBUYI

msiiieselaotiseduuuniiFoulunaranin
WA 0.95 mmol/L nzuuniliFugenu 1drios
iy iatrogenic W lduuntiFrumaduiden
wieldniitdaulseneuveanuniliFon 1y o1
320 uaz sraansa Sy ludgeey i ladox
91Nz IMIUAAIBINZIUNTIFoNg 1AUA
hypotension, bradycardia, respiratory depression,
depressed mental status (a2 ECG abnormalities N3
$nwnTAsmsvegae Las hemodialysis s it
THUSY

1uiln.f. 2539 MehrotraR tazaiz™ 518974
NGUBINS hypokalemic metabolic alkalosis, hypomag-
neuria, hypermagnesemia 32U severe hypocalciuria
nane191iav1n proximal tubular defect 'lumsqn
ndy NaCl 1i111g hypocalciuria, hypomagnesuria,
1A potassium wasting AUAAUNAYDY tubular defect
fiorniihu primary 130 secondary 91 renal parenchy-
mal disease 83 liins1ni¥a

ap

uuniiidouiinnud iy luwmuedFuuas
MU VBATAaAN 9 Tusnme msfnuDeeay-
qauaziledeiitnasouuniliFeuiid)1duazla 920y
msmsanuAalnAveniiden lusemeuas
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