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HhemsdanssuiinnuinunfAvesaniie fluid uag electrolyte lause ieasannlsariag vilvigands fluid
uag electrolyte laupe 19U enterocutaneous fistula #3elasuliiieanenoAINABINTITVDITINY

manunsguagiiedaenssudsieaieuiisnnuinunfinie Gwuuadu volume ,concentration change

Body fluid
Total body fluid

% of Total body weight Volume of TBW Male (70 kg) Female (60 kg)
Plasma 5% Extracellular volume 14,000 mL 10,000 mL
Interstitial Plasma 3500 mL 2500 mL
fluid 15%

Interstitial 10,500 mL 7500 mL
Intracellular volume 28,000 mL 20,000 mL

Intracellular

I 40%
i 42,000 mL 30,000 mL

ﬂ%mmmiﬁﬂuéwm&"ﬁyuaegﬁ’umqLLasL‘Wﬁ AnLdudnduiisusuthiin
- wenefivimnaesinlussniedndu 60% vesilansinimiing
~ emdaiiUSinasansi 50% vesilansuiing esen tluleiufesniuiiedieuiuifedeviadug
iszariubdivinalladulusenenniunils daduveshlusinefeiovas
~ vsn SdSinaasthanu 75-80% 3wazAen ana Juilomsnergannndt 1Y
- USusBinumsihassran 10-20% Tufiaefisau uwasU$utu109% ludtas malnutrition
Body fluid Tugnenenszanelsiviiuludiusnenvasitenis 40% vesnindoglu intracellular fluid
compartment 20% agﬂu extracellular compartment
Intracellular compartment wiadu
- interstitial compartment 15%

- Intravascular compartment 5%
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Chemical composition of body fluid compartment
200 mEg/L 200 mEg/L

CATIONS ANIONS
154 mEg/L 154 mEQL 153 mEq/L 153 mEg/L K* HPO4%|
150
CATIONS ANIONS CATIONS BW.1l[[e] '3 S04%-
Na* 142 [l {1k} Na® 144 HomaufV:!
HCO3™ 27
8042~ | HCO3~ 30 HCO3~ 10
PO4%>
S042-
3
PO4%
Organs ESW G Protein 40
. Organic
Acids 5 =
< Protein 16 Protein 1
Plasma Interstitial Intracellular
fluid fluid

Bodly fluid Tuguwes intravascular compartment (plasma) fiduusznauniuaiilndlAsaniu interstitial
compartment  kakANATUNINAY intracellular compartment s Tu extracellular fluid A sodium tJu
cation %&n il potassium AU calcium 3nidnifee dau anion ndniswes extracellular fluid fia CU wag HCO,
dnlu intracellular fluid sznduiu & potassium Hudawlug) emueiiay maintain Lilvegluaunamenalnsngg L
sy maadowiuvesi diffuse Hiucell membrane igU3UlH osmolarity sisaosisagluniizauga uie
WU

SNABINYIANLLANANTDIEINUTENBUNNLAT (ionic composition) 1314 TasiiAn osmotically active
particle wihiuluwsiay compartment Ined cell wall {WudddnyliiAn colloid osmotic pressure 5ewang plasma
uway interstitial fluid compartment w# sodium 1usdAyinlman osmotic pressure S¥1INg extracellular wag
intracellular fluid compartment

AUNAUDY plasma osmolarity = 290-310 mosm/L
= 2Na + glucose/18 + BUN/2.8

Osmoticity & tonicity
faganarnogly
Osmoticity :  #Afag1u3U particle fignazaneesd Tuasavatetug I uunntesudlyu 1wy 3 NaCl

ava1weg 150 mmol uandild Na 150 + CU 150 § osmoticity 300 mosmoy/L
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Tonicity: watensiasuwlases flase cell wu wdndonunsluntegluaisazaty
hypotonic solution WAy diffuse WWwad vinlead volume 11nTu

dsgnenluudlu hypertonic solution cell volume aanas sinagldaesAilunuiuegvoss

Osmoregulation
Liﬂﬁm'ﬁﬂwﬂu osmolarity laeil osmoreceptor cell at’ﬂu hypothalamus ag detect mMsasunlames
plasma osmilarity Taefdimsidsunasue 1-2% nalnifavhe Tnadlegnnseduasiinsiingh uagnsedunisuds
ADH aani1gU nsANNENRUSURY plasma osmolarity wag plasma vasopressin fie osmolarity Q\‘l%‘u ﬁmiﬂizéju
1311&3 ADH wiowq ﬁ’umiﬂizﬁﬂﬁﬁaﬁﬂ (thirst)
ADH gagnnszffusenisiudsuutastes volume 3nsae  1ne volume contraction Usgana 10-20% ADH
szgnnszduliivdsesnin
Eﬁﬂ osmoregulation 01 increase osmolarity ’-\lxiﬂﬂ'iw’ju osmolarity receptor
1. hldAansnszmet
2. ADH secretion il water reabsorption %1l# urine osmolarity Lﬁwﬁu uazyilian plasma osmolarity Tu
ﬁqm Unf ADH level Uszangy 5 pg 8999i1l9 renal collecting tubule @158 Q%’uﬁméﬂma maximum
U3 urine osmolarity 1200 mOsm/kg
volume control
NI receptor #du volume receptor "3 baro-receptor ﬁi’mg]:fjgﬁagjua’am carotid sinus U0 aorta
winiarfumaasuudaswes volume Wefimawdsuudas tfinnsnseiudansuaUszam laues nseduriu

sympathetic nervous system vinlwiin1siUasuniaived HR %o vessel tone

‘ Sodium
‘ intake i’ ’ ‘

Angiotensin | T

Angiotensin Il T

Angiotensin

receptor

volume

[ BRAIN J [ KIDNEY ] ADRENALS [ PITUITARY

—

[ ARTERIOLES ]
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[=0H

Vasopressin T

Aldosterone T

[ Thirst T

NaCl and H,0 T
reabsorption

NaCl and H,0 T NaCl and H,O T Vasoconstriction T
reabsorption reabsorption

e b

GFR |

Blood T

volume

ECF volume T )——
Blood Total peripheral
pressure resistance
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Hormone 8uq fiiadaslunisauga volume
- Renin angiotensin aldosterone system
- Arterial renal peptide
- Prostaglandin #149)
Tnenszuaumaiintuidied ECF anas angiotensin2 gnnszdusanunidInssdiu aldosterone Nsesun1sgm

ndutle aavine iy ECF

Normal body fluid

- Tnedninuseglatuth daulnghduan
oral fluid Usguay 800-1500 ml/day
Solid food 700 ml
Internal oxedation Usgana 250 ml

- @ water loss
ImgUn@ M9 urine 800-1500 /day
Gl tract 200 ml/day

@8 270 insensible loss

Water exchange (60- to 80-kg man)

AVERAGE DAILY
ROUTES VOLUME (mL) MINIMAL (mL) | MAXIMAL (mL)
H,O0 gain:
B Sensible:
Oral fluids 800-1500 0 1500
Solid foods 500-700 ' 0 1500
Insensible:
Water of oxidation | 250 | 125 800
Water of solution 0 0 7 500
HZO loss: A »
Sensible:
Urine 800-1500 300 1400/h
~ Intestinal | 0-250 0 | 2500m
Sweat 0 0 4000/h
Insensible: '
Lungs and skin 600 600 1500
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Insensible loss
- Un@ 8-12 ml/kg /day
- L4 988 insensible loss it Tnewn 1 aseigaudea & insensible loss Uswanal 10%
- Goal of fluid therpy wann15l# fluid therapy
- Maintenance fluid therapy
- Correction of volume abnomality
- Replacement of fluid loss

- Correction on underlying cause

Calculated daily fluid requirement

Daily requirement Rate

e (Mifkg/ (MI/h)

First 10 kg 100 4

Second 10 kg 50

For weight >20
kg

*auldung cardiac disease Usuanasn 15 ml/kg/day

Disturbance of fluid balance

- dwlunyisluauldfasnssusinazilu ECF deficit 1 gut obstruction peritonitis

ECF deficit

v
o

Source Bus 7ivilik fluid loss 1¢ T
- NG
- aulds eduld odeu fistula
- Renal loss wWu waneuld7luwAly urinary tract wanilawdl urine sonunun
- awmduaiieeldmsdpenssuty

11 soft tissue injury

#1 infection inflammation U3t vi1l9Ad fluid loss 970 third space loss
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Sign and symptom of ECF deficit

System Sign and symptoms

Tachycardia
Cardiac orthostasis/hypotension
collapsed neck vein

Renal Oliguria,Azotemia
(€] lleus

Generalized Weight loss,Decreased skin turgor

Sign and symptom volume excess

System Signs and synptom

Increase CO,murmur
. Increase CVP
Cardiac Distened neck vein

Pulmonary Pulmonary edema

Gl Bowel edema

Generalized Weight gain, peripheral edema

1oN1N maintenance fluid Aladiisowes Fluid loss A99 2naeTitsvielisnee Wi stroma

ileostomy #ifluid loss ey arldlauszifiuenadl electrolyte imbalance, AKl 16 n1sUsEfiunaunuaIsiLazinGaLsn

wdeluann Gl tract

Composition of GI secretions

TYPE OF SECRETION  |VOLUME (mL/24 h) |Na (mEq/L) K (mEq/L) Cl (mEq/L) HCO,~ (mEq/L)
Stomach 1 1000-2000 60-90 10-30 100-130 0

Small intestine 20003000 1120-140 5-10 90-120 30-40

Colon [ 60 130 40 0

Pancreas 600-800 135-145 5-10 70-90 95-115

Bile 1300-800 135-145 5-10 90-110 30-40

Ausag organ 71 loss Uszansiniils replace tunuiiu
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Parenteral solution

Electrolyte solutions for parenteral administration

ELECTROLYTE COMPOSITION (mEq/L)

SOLUTION Na Cl K HCO,~ Ca Mg mOsm
Extracellular fluid 142 103 4 27 5 3 280-310
Lactated Ringer’s 130 109 4 28 3 273
0.9% Sodium chloride 154 154 ‘ 308

D, 0.45% Sodium chloride 77 |77 | | 407
D.W } 253

3% Sodium chloride 513 513 | 1026

Dy = 5% dextrose; DsW = 5% dextrose in water.

Sodium homeostasis
Sodium L1 cation winlu extracellular fluid (ECF) fanuddylunsmuauansilusinemienuieiy
sodium ﬁﬂ’;iiﬁﬂﬁag 2 A Ao Total body sodium wag serum sodium level
1. Total body sodium wsnefs U3 sodium ﬁy’wmﬁﬁa&ﬂuinmadaﬂmmagﬁlu ECF Sodium Ju
drulsznaundnnilaves osmotic pressure 183 ECF srathu total body sodium F3UaUDNAY extracellular
volume 151@131150UseLiU total body sodium laainnsuseiiiu extracellular volume
2. Serum sodium level (concentration) Aedadnuszwing sodium wazin (free water) T serum
- Serum sodium level iasnsainldaniiesfiEing eundegil 135-145 mEq/L
- amMzUnfAsNeAedIn1g 1-2 mEg/kg/day
- Serum sodium = Total body sodium / ECF volume
- Serum sodium suludndiuse ECF volume

- Hyponatremia Waz hypernatremia lilanineainuin aandesagindatiuausly

- wszasiil serum sodium hailduanuSunain sodium winls weuani relative fuatsiduinly

Hyponatremia

Definition fio n1edia plasma sodium Weoni1 135 mEg/L uazldlaifnain pseudohyponatremia

- Hyponatremia Waananediihingy edleuiudiuna sodium lusresne soratiddesninng feua
WseannIung Ale

- dndennlaldannsaduihdmuiueninsmeld amgdiuties eandinmsaniunauly Taed
auanusavestalunsiutharsdulnd sisedeudnd wulu primary polydipsia

- Severe hyponatremia fanmedil sodium tesndn 125 mEg/L

- AnldunnweaumisUszana 3% lusuldiiueululsmenuna

- omsdndlngiieatestunmsvhaiuresssuutsranhauiaund weslietnsuantu il plasma sodium

ANAILINY305IALEY Axion1s wu UIni aduld 811d8u e n1sneasveandtuile Juas Inlé
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Hypotonic hyponatremia miﬁiﬁmiﬁ;wﬁwgiﬁum iliiinzaussulls Lasimsznylvandsweidud
NANTVLLFIVDIEUDS ﬁﬂﬁﬁmmﬁﬂuﬂﬂmﬂqaﬂfu EeaAn brain injury

18 lab wienils 919921414 true hyponatremia fesfwIns serum osmolarity sazaeusudiulaindy
true %39 pseudohyponatremia

Hypertonic (>295)
Isotonic (280-295)

: Hyperglycemia,manitol,glyceral
: Elevated lipid and protein
Hypotonic (<280) : True hyponatremai

81U true hyponatremia 934 G’fa\‘l@ volume status

{ Assessment of volume status}

l

Euvolemia (no edema)

Hypovolemia Hypervolemia

« Total body water |
« Total body sodium 1

« Total body water T
« Total body sodium «—

« Total body water TT
« Total body sodium T

Renal losses
Diuretic excess
Mineral corticoid deficiency
Salt-losing deficiency
Bicarbonaturia with
renal tubal acidosis and
metabolic alkalosis
Ketonuria
Osmotic diuresis
Cerebral salt wasting
syndrome

Hypovolemia
Euvolumia

Hypervolumia

Extrarenal losses
Vomiting

Diarrhea

Third spacing of fluids
Burns

Pancreatitis

Trauma

Glucocorticoid deficiency

Hypothyroidism

Stress

Drugs

Syndrome of inappropriate
antidiuretic hormone
secretion

® Treatment hyponatremia

o Yo do =« o 1 ' = .
- ¥y eulddn AdensSeatnneu soly wiluises sodium

Acute or chronic
renal failure

Nephrotic syndrome
Cirrhosis
Cardiac failure

- sodium WA WELUNLINTU 19U SIADH hypothyroid

- duATUANAIN TRBUNTU W CHF, cirrhosis, renal failure

- 419710939 WU diarrhea wadwadasninlaied na relative walunIaiy

- Starting bolus of 100 ml (2 ml/kg max 100 ml) of 3% hypertonic saline over 10 minutes; may be

repeat if patient continues symptom

- Goal

Goal for correction

1.5-2 mEg/L/hr for first 3-4 hr until symptoms resolve

increase by no more than10 mEg/L in first 24 hrs

increase by no more than 18 mEg/L in first 48 hrs
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- fiudanng aiidgm
- & lifis1n1s (No symptoms)
Oral fluid restriction is the first step
No more than 1500 ml/day
Note: this only oral fluid, isotonic IV fluids do not count towards fluid intake (tawizlu oral fluid e IV fluid
Tallgiiu)
- Volume depletion > IV isotonic (0.9% NaCl)
- Careful monitoring
- serum sodium levels should be drawn every 4-6 hr or more frequently if hypertonic saline is used
- MISAUIN
- Sodium deficit = Total body water x (desired Na -actual Na)
- Total body water A® BW x correct factor
- wdniusnainasing sodium wils

51 2 gasaun19lunsine hyponatremia nazfuanifvesasazao

gasmuau

infusate Na - serum Na

1. Change in serum Na =
Total body water + 1

) (infusate Na + infusate K) - serum Na
2. Change in serum Na =

Total body water + 1

o = ] ] = - -
UszTowi lumanaiin : aunsaomanziilduaag 1 aaTv09 infusate Mlsznoull
‘?’f’JfJ sodium (+ potassium) AWTUNY serum sodium Llﬁ'l.‘l'hul‘:'

Infusate Infusate Na+ ECF Distribution
(mmol/L) %

5% NaCl in water 855 100

3% NaCl in water 513 100

0.9% NaCl in water 154 100

Ringcr’s lactate solution 30 97

0.45% NaCl in water 77 73

0.2% NaCl in 5% dextrose in water 34 55

5% dextrose in water 0 40

' ¥
HANBIHA The estimated total body water 1Humiisnnald Tasfadudadiuvenimings Tay
e = = IECRLR =
i 0.6 Twan a1 0.6 naz 0.5 Tudnajin lilvdgaery monelderly) Tumouazvija

MWANAY uazli 0.5 naz 045 Tuy gy uazHiagInly MuaIAL
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Central pontine myelinolysis
- dnawiin 2-6 Tu wde elevate sodium feALST Ireversible
- Symptom
Dysarthria, dysphagia, pararesis, quadriparesis, lethargy, coma or even seizure
Prove 1nan15vin MRI
Most common Tu rising > 20 mEg/L in 24 hr
laimpeiAn 61laifls 12 mEg/L in 24 hr
Hypernatremia
Serum Sodium 11NN31145 mEg/L cause
- Excess sodium intake
Concentrated formula
Salt ingestion (sea water, accidental)
Hypertonic iv fluid
Sodium bicarbonate
Blood products
- Increase free water losses
1. Renal : diabetic insipidus, diuretics, tubular disorders
2. Gl : diarrhea, vomiting, colostomy/ileostomy
3. Insensible :fever, tachypnea, burns
- Decrease free water intake
Ineffective breastfeedinig
Poor access to water
Blunted thirst mechanism
Fluid restriction
- Symptom d@nlngifientestunisrhnuressruuyssaminung wu Fuas seunss 4n coma
- ‘ffﬁﬁaa brain volume angas qmﬁmﬁmi rupture ¥09 cerebral vein g
- AU 160 BIN1TILTULSS

- 1A 180 high mortality

® Treatment hypernatremia
- wAldSals 2
- Same as hyponatremia, sodium should not be lowered by more than 12 mEg/L in 24 hours

- Over correction can lead to cerebral edema which can lead to encephalopathy, seizures or death
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- Unstable patient
correct sodium by 8-15 mEg/L over=the first 8 hr
- Stable patients
no greater than 0.5 mEg/L/hr and correct by 8-15 mEg/L/day
- typical fluid given in form of D5 water
nslfanstnaaiuluin vde feeding tube (onuiulusieifonssunsy) asevanefidonls aasdu

hypotonic fluid wiasainidenvfinvesasavareftdloudn dududpsiuindnsnisivaisazaenie

M319n 4 gasanuildlumsinen Hypernatremia tazguaninvesmsazaly

gAIMUIN

mfusate Na - serum Na

1. Change in serum Na
Total body water + 1

(infusate Na + infusate K) - serum Na

2. Change in serum Na
Total body water + 1

o' Y . 1 y
sz Tomilumenain : ansomaaziulanuaas 1 ansve infusate Nlsznovlide
a i i U
sodium (+ potassium) fMUIT0AA serum sodium ll‘ﬁ*]!.‘lf'l'lul'z'

Infusate Infusate Na+ ECF Distribution
(mmol/L) %

5% dextrose in water 0 40

0.2% NaCl in 5% dextrose in water 34 35

0.45% NaCl in water 77 73

Ringcr’s lactate solution 130 97

0.9% NaCl in water 154 100

In 3 = i i :‘ oo
¥N1GMHg The estimated total body water 1Humiisnauld Tavaaitludadveninmings Taoi
" (=1 4 1 [ 1 [ [ =
M 0.6 lwdn iim 0.6 naz 0.5 Tudluoinlilvdgaety (monelderly) Tumanazyagjaaiy

Ay uazlm 0.5 nag 0.45 Tumnogeey waznaagIeg auaal
Potassium

- Unfdu intracellular electrolyte

- fuszane 2% i circulated aglu extracellular fluid
- dnfinasie cardiac kay neuromuscular function

- Un# daily consumption E]Ejﬁ' 50-100 mmol

- flelgSunuds 90% excrete M3 urine

- daily renal excretion EJEqJ:Vi 10-700 mEg/day
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ICF (>90%)

nonmuscle 800mE
Al muscle 2700 mEq

insulin after meal, //
catecholamine with exercise /

/ -
s/ muscle activity,
/ K* deprivation

/
dietary K* o
——>| gut =) ECPZH) o 6FR
70 mEq ~
80 mEq/ day S .
ﬂ kidney
~90% filtered
stool loss K* reabsorbed, ﬂ
9 mEq/day ~100% during .
K* deprivation urine loss

70 mEq/day

- AU potassium Useanal 80 mEg/day dawﬁagﬂ%’uaaﬂma feces Uszaad 5-10 mEg/day Snﬁawﬁqgﬂ
absorb 1111

- v absorb d@unilaegil extracellular fluid wazdanlngjgnifuulinmelumad

- dnlvjgndueonmslmbundn alsfinu renal function 1sif 2sfin19ifin colonic excretion Fusumu
Internal potassium balance s n15 distribution 989 potassium sz wluwas AunBusnLsas

External potassium balance @& n13A1UANN1STU potassium oan Fudunihiivanvesls

Internal potassium balance

§ <

Fafisinaluns shift 11eenves potassium seuidlugadiuuenivad faed
Potassium shift out of cell Potassium shift into cell
Insulin deficeincy Insulin
B adrenergic antagonist B adrenergic agonist
Alpha adrenergic agonist Alpha adrenergic antagonist
Metabolic acidosis Metabolic alkalosis

Hyperosmolarity Hypoosmolarity

Cell lysis

Excercise

Hypokalemia
- Mild to moderate 3-3.4 mEg/L

- Severe Hp8N1 2.5-3 mEq/L
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Hyperkalemia Hypokalemia

Increase intake Inadequate intake
-potassium supplementation -dietary

-blood transfusion -potassium free IV fluid
-cell destruction

:hemolysis,rhabdomyolysis

Increase release Excessive potassium secretion
-metabolic acidosis -Gl losses
-rapid raised of ECF osmolality _renal losses

Impair excretion Redistribution into ICF
-potassium sparing diuretics -metabolic alkalosis
-renal failure -medications

Sign and symptom of hypo/hyperkalemia

Hyperkalemia Hypokalemia

Nausea/vomiting lleus
Gl Colic Constipation
Diarrhea

Weakness,paralysis |Decrease reflexs

Neuromuscular  Respiratory failure Weakness
Lethargy

Arrhythmia >VF Hypotension,arhythmia
EKG:peaked T wave EKG:flattened :
Flattened p wave Depr

Prolong QRS complex Prominent U wave
Deep s wave Prolonged QT interval

Cardiovascular

® Treatment hypokalemia

- Treat underlying

- uA hypomagnesemia

-~ mswainldassluasean esan potassium s shift 16
Hyperkalemia

Mild:5.5 to 6.0 mEg/L
Severe:level of 7.0 mEg/L or greater
EKG 18u hyperkalemia Tidndudossouau T treat luldlae

BINTTLAAINTINITIN
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SERUM K
' Depressed ST Segment
<2.5 mEqg/L J\A_/\’\— Diphasic T Wave
Prominent U Wave
Normal _/\A,./;
> 6.0 mEq/L _/J»/\_ Tall T Wave
) , \ / \ Long PR Interval
>7.5 mEq/L Wide QRS Duration
Tall T Wave
Absent P Wave
>9.0 mEq/L \/ - Sinusoidal Wave

® Treatment hyperkalemia

Treatment of symptomatic hyperkalemia

Potassium removal
Kayexalate
Oral administration is 15-30 g in 50-100 mL of 20%
sorbitol
Rectal administration is 50 g in 200 mL of 20% sorbitol
Dialysis

Shift potassium
Glucose 1 ampule of Dy, and regular insulin 5-10 units IV
Bicarbonate 1 ampule IV

Counteract cardiac effects
Calcium gluconate 5-10 mL of 10% solution

D5, = 50% dextrose.

Calcium
- lusemeunadiegusyanns 1000 gm
- 1% aglu ECF compartment
- dwlnjedlu bone
~ {§ivi free from wazbound form
- lunme hypoalbuminemia #as correct calcium ¢e

- Total serum Ca (mg/L) + [0.8 x (4-serum albumin)]
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e s

Thyroid
~" Accretion J; :
£/ © Calcitonin -~

Resorption

ﬂ & PTH
\. Parathyroid
Glands
R,

\E’%MQFTH
I,

Urinary Calcium

- Calcium gniudnly gngadumnednld I vitamin D Wusnssduviiiiunisgadulugld
- Calcitonin fiunsiiu calcium 139 bone
- PTH gnnszRuilaiin1ieg calcium ¢ 9glvilin bone resorption Lyl calcium luien

- Calcium dwiivazgndueennis kidney

Hypocalcemia

Sign and symptom

Hypercalcemia Hypocalcemia

Anorexia,nausea,vomiti -
€] ng,abdominlal pain

Weakness,confusion,co Hyperactive reflex
ma,bone pain paresthesia,seizures

Neuromuscular Carpopedal spasm

Hypertension,arrhthmia, Heart failure

polyuria EKG:prolonged QT

EKG:shortened QT interval
Cardiovascular Prolnged PR and QRS T wave inversion

intervals Heart block

T wave flattening and  VF

widening ,AV block

Polydipsia

RN
- Primary hypoparathyroidism-glandular aplasis, destruction or removal
- Hypomagnesemia
- Hypermagnesemia
- Hypoalbuminemia
- Acute pancreatitis

- Vitamin D deficiency
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- Rhabdomyolysis
- Pseudohypoparathyroidism
- Hypocalcemia treatment
i symptom
- IV calcium should only be given with close cardiac monitoring
- Mix with NaCl or 5%D/W (not bicarbonate/lactate containing solution) agRnRENdU
- szwhlvidies monitor EKG
Risk
- Tissue necrosis/calcification if extravasates
- Calcium can inhibit sinus node =>bradycardia+arrest => stop infusion if bradycardia develops
- fAeye correct Wi follow up 8I1NN3ABNT
- Hypocalcemia with acidosis => give Ca before correcting acidosis
19l calcium flow acidosis §1uf acidosis fiaw calcium Bash
- Tu chronic hypocalcemia z“huiml_ﬂaiﬁmﬂﬁﬁreptace oral calcium wag vitamin D wag follow up serum

. a a
calcium 9an9

Hypercalcemia

Total serum calcium level, mg/dL (mmol/L)
8 (2) 10 (2.5) 12 (3) 14 (3.5) 16 (4)

Hypercalcemic
crisis

Moderate
hypercalcemia

Mild
hypercalcemia

Normocalcemia

4 (1) 5.6 (1.4) 8 (2) 10 (2.5) 12 (3)
lonized serum calcium level, mg/dL (mmol/L)
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@16) hypercalcemia

Endocrine:

. Hyperparathyroidism

. MEN Type 1 (parathyroid adenoma , pituitary adenoma , pancreatic islet cell tumor)
. Familial hypocalciuric hypercalcemia

Malignancy:

- Metastases

«  PTHrP

- Breast caner, Iung cancer, bone cancer.
Granulomatous Disease:

. Sarcoidosis

« TB

Miscellaneous:

. Acute kidney failure
. Milk-alkali syndrome

Medications:

. Lithium therapy

. Thiazides ( inc. Na, water absorp and inc ca concentration)
. VitD

® Treatment hypercalcemia

- Severe hypercalcemia: load IV fluid Tanuidpansiuanas
- 9 Lasix dradndu

- calcitonin $2ushe 0 12 Halus

- awu cancer 19 bisphosphonate

- dwgung 1 dialysis

- @29 monitor calcium serum 9N 8 T

218115 kLNA aNLEBININ thiazide, lithium, low calcium diet wazanaag luifpaniiuLAy

Phosphate
- 80% of the total body phosphate is contained in bone
- High energy phosphate bound in ATP
- Essential element in
phospholipid cell membranes
nucleic acids
phosphoproteins

- Phosphate is critical for activity for several important enzymes
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Hypophosphatemia
- Mild 2.5-3 mg/dL
- Moderate 1-2.5 mg/dL
- Severe < 1 mg/dL (mortality >30%)

Transcellular shift Refeeding syndrome
Respiratory alkalosis
Insulin administration

Renal losses Diuretic therapy
Osmotic diuresis
Proximal renal tubular dysfunction

Insufficiency intestinal absorbtion Malnutrition,on NG suction
Phosphate binding antacid
Vitamin D deficiency
Malabsorption syndromes

External catabolic cause Burn
Truama
Sepsis

Sign and symptom of hypophosphatemia

System Clinical amnisfetation

Acute respiratory failure

Respreny Ventilator dependent

Muscle weakness

Musculoskeletal Rhabdomyolysis
Bone demineralization

Hemolysis
Disorder of leukocyte phagocytosis or

Hematologic chemotaxis

Altered mental status
Gait disturbance

Neurologic Parethesia

Cardiomyopathy
Cardiovascular Decrease inotropy

Hypophosphatemia
- Mild 2.5-3 mg/dL
- Moderate 1-2.5 mg/dL
- Severe < 1 mg/dL (mortality >30%)
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AU hypophosphatemia

Transcellular shift Refeeding syndrome
Respiratory alkalosis
Insulin administration

Renal losses Diuretic therapy
Osmotic diuresis
Proximal renal tubular dysfunction

Insufficiency intestinal absorbtion Malnutrition,on NG suction
Phosphate binding antacid
Vitamin D deficiency
Malabsorption syndromes

External catabolic cause Burn
Truama
Sepsis

91n19Y3 hypophosphatemia

Systemvk Clinical amnisfetation

Acute respiratory failure

Respiratory Ventilator dependent

Muscle weakness

Musculoskeletal Rhabdomyolysis
Bone demineralization

Hemolysis
Disorder of leukocyte phagocytosis or
chemotaxis

Hematologic

Altered mental status
Gait disturbance

Neurologic Parethesia

Cardiomyopathy
Cardiovascular Decrease inotropy

® Treatment hypophosphatemia
- Severe hypophosphatemia >> 1% IV phosphate replacement

- Moderate hypophosphatemia >> oral phosphate

Hyperphosphatemia
- Serum phosphate > 4.5 mg/dL
- Clinical significant > 5 mg/Dl
- Clinical finding are signs and symptoms of hypocalcemia

- Hyperphosphatemia produce hypocalcemia by



Calcium phosphate complex

Interfere with PTH-mediated bone resorption

Decrease vitamin D level

ARV hyperphosphatemia

Medication related

Cellular injury

® Treatment hyperphosphatemia

- Limit phosphate intake

- Enhance urinary excretion

- Absence of ESRD => fluid and diuretic

Hemodialysis

Calcium

Aluminum

Calcium free phosphate binder e.g. Renagel

Magnesium

- dulvgjeglu intracellular compartment

- 50% {uegil bone

Chronic kidney disease=>phosphate binder

- 8n 50% @87 soft tissue, muscle liver

Acute or chronic renal failure

Increased renal absorbtion:
Hypoparathyroidism
Thyrotoxicosis

Rhabdomyaolysis
Tumor lysis syndrome

Hemolysis

Abuse-phosphate containing
laxatives

Excessive phosphate
administration
Bisphosphonate therapy

- dulvajgnan@umia small bowel wazgn excrete 114 kidney

- ©IN3ANNY WllauAU hypocalcemia/hypercalcemia

Fluid and electrolyte 20
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System Hypermagnesemia  Hypomagnesemia

Nausea,vomiting
(€]

Weakness,letgargy Hyperactive reflex
Neuromuscular  decreased reflex Muscle tremors,tetany
Seizures

Hypotension,arryhthmia  Arrhythmia
EKG: EKG:prolong QT and PR
increased PR interval interval
widenned QRS complex | ST-segment depression
elevate T wave Flattening or inversion of p
waves
Torsades de pointes

Cardiovascular




