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Physiology of fluid and electrolytes homeostasis
Common electrolytes imbalance and acid base disturbance in surgical patients
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Physiology of fluid and electrolytes homeostasis

Common electrolytes imbalance and acid base disturbance in surgical patients

Total body water

a a

Estimated total body water AnLluusyainas 60 % va4 body weight Iuﬁwmamﬂszmm 50% 84 body
weight tilasanillusiunnnningvie uarluaugiuazanasdnuseann 10% dnluauiiinizynlasuinig
(malnutrition) azdiuilusanemniuainunfvssana 10 % Jsdnlngduihfieglu muscle cell uazanasmueny

wiu Tunmsnagfinlusamedaduuszana 80% uazvanvde 60% Weognilawiu

Fig. 1 Body water compartment

Felu 60% Hezuvaduhlumad (ntracellular fluid) Ussanas 40% wieUszana 28 ans dauilvdedn 20%
sz futhuenwad (extracellular fluid) Fauvsdesifiu interstitial fluid 15% videUszanas 10.5 ans wazidy plasma
5% 139UsTUI0 3.5 AT

Body fluid thiszneulusae ionic compound ﬁazmaagﬂi%’wﬂu Falu Extracellular fluid Asinterstitial fluid
way plasma il sodium (Na*) tlu cation %N wazdl potassium (K) fiu calcium (Ca*) egintios @3u anion en

fio chloride (Cl) uaxdl bicarb (HCO,) uag protein agiéintioy
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duly intracellular fluid (ICF) 98l potassium (K" ) iludiudszneundn dawimunilaggnyiliedluauna
Aenalnenge) M9N15ARUNILYEIUN ¥3aN1SIARRUNIU cell membrane ieoUSul osmolality 581314 intracellular

wag extracellular aglunzaugaiu lng Serum osmolality Uﬂaaeﬁﬂizmm 290-310 mOsm
Plasma osmolarity = 2[Na*] + [glucose in mg/dL]/18 + [BUN in mg/dL]/2.8

Osmoticity wag Tonicity

Osmoticity A9 914U particle Viazmaagﬂumaazmaﬁy’m WU NaCl 150 mmol wandaidu Na* 150 mmol
ez CU 150 mmol miasmﬂﬁ?u%ﬁ osmoticity agjﬁﬂizmm 300 mOsm

Tonicity Ae mM3wasuulaweswhidnasewad wWu msthdadesuadluutluansazarefiiu hypotonic
solution tazdeurudluluead vl cell volume sty uilothluudluasazanefiiu hypertonic solution

=3 = a

w7 cell volume anad dalngunfAnagiinuinun@vieaesdius volume wag osmolality
A. Volume contraction
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Fig. 2 Volume composition change (A) Volume contraction (B) Volume expansion

- Isotonic volume contraction wuil diarrhea 138 G loss awde extracellular fluid iy Isotonic
solution 1U
- Water depletion Ltu madenite azide fluid My hypo-osmolality 1U v1l9 extracellular fluid 1&@e
U osmolality szt vl shift 9n extracellutar fluid wig intracellular fluid compartment
lagUnfitsImInAy osmolarity 998 osmoregulationlae receptor 7 hypothalamus 2z3un1sdsunlasmes
plasma osmolarity Tnediin1siudsuutases plasma osmolarity 1-2 % azdsuasienalnil Wenalnignnsesu awsh

TiAnnsiiau waznseaulilAnn15mas ADH aanin
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Fig. 3 WAMIAUFLNUGTENIN plasma osmolarity tag plasma vasopressin

lofl osmolality Wi vasopressin agvdaiiunntu wazvhldanenisitath uenain ADH WYNNTEAY
#e osmolality Masuluugs Ssgnnszdusonisuasuniames volume MUdsuly i volume contraction 10-
20% 92l ADH gn release 8onin

a3u Ae plasma regulation szdntusiefinsasuulasmes plasma osmolality ibAAnn1snseu
plasma receptor wazinensiauan ndwendudledl ADH secretion Tuvinld water reabsorption WnTu vl
urine osmolality Lﬂ'uﬁﬁu uaziin1anadvad plasma osmolality sluﬁ'?jﬂ

TaeUni ADH level 9¢ maximum 7 5 pg/ml 71119 renal collecting tubule mmmamﬁmé’ﬂﬁﬁuﬁ'
1mg maximum urine osmolality %agjﬁﬂizmm 1200 mOsm/kg

1BN91N osmoregulation wa? fsfii3a3v03 volume control H1UM4 volume receptor 38 Baro receptor
#199 Mlogmanduidon na thoracic vessel, carotid sinus A3l aorta Tdlalé¥umsiUasuuUaes volume uaifn
nsnsedulugsanns nsedulufl sympathetic system ¥il# heart rate WasuLUAs FaiiansiUAsuLasDS vessel

tone

Hormone Bufifiralunalnnisauas volume fg
- Renin angiotensin-aldosterone system
- Atrial and renal natriuretic peptides
- Renal prostaglandin
- Endothelin
- Nitric oxide
\ilo ECF anas angiotensin 2 azgnnsedulindsoonin vili aldosterone gnnszduoonin wazlunszduls

Ainn1sga sodium wagtnduitla anvieasiii cardiac output il ECF iis@unsauriu volume fiiuu
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ANP %Qﬂﬂizﬁuﬁw atrial myocyte ﬁagﬂhﬁmm atrium Liladin13s distension ¥4 atrium myocyte a8gn

nseeu 1inas ANP aanun Liewiiunisdu sodium oan wazan ECF

Table 1 Water exchange (60 to 80 kg man)

Routes Average daily volume (mL) Minimal (mL) Maximal (mL)
H,O gain:
Sensible:
Oral fluid 800 - 1,500 0 1,500/h
Solid food 500 - 700 0 1,500
Insensible:
Water of oxidation 250 125 800
Water of solution 0 0 500
H,O loss:
Sensible:
Urine 800 - 1,500 300 1,400/h
Intestine 0-250 0 2,500/h
Sweat 0 0 4,000/h
Insensible:
Lung and skin 600 600 1,500

Un@slain annshulaensalseanas 800 — 1000 ml wazana1wnsuseanas 500 — 700 ml waztduy
internal oxidation 250 ml siaJu ddu Water loss tu urine 800 — 1500 ml 1#827n9749 GI 200 ml MnEs 7N1WATe
38371 insensible loss 31nMIMgla agiuszan 12 cc/kg Aoy wwu andild agvilvid insensible loss sy lny

Tumne 1 °C AT viliin insensible loss WXL 10%

Tun1sl# fluid therapy wuadu

- Maintenance

- Correction of volume abnormality

- Replacement of fluid loss

- Correction of underlying cause

TnsUn@ basal Anain Harris benedict udauiiy sodium WnlU Useanas 1-2 mEg/kg sy potassium 0.5-1
mEq/kg warmsUszidiumaifisiuves fluid femsdaimingniu leethwinfdedlvesvenldhimaiuiunie

ana3uDY total body fluid
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Table 2 Calculated dairy fluid requirement

Weight Dairy requirement Rate
(ml/kg/day) (mU/hr)
First 10 kg 100 4
Second 10 kg 50 2
For weight > 20 kg 20* 1

*QUaedl heart disease wUSuanUSnashiliivenn 20 Alanduusn widesiies 15 mUke/day

dllvaiiesluiiodaenssuazlugtaed ECF loss ulugfihe peritonitis 3o gut obstruction duaive)
Sufinuls W 99nn1senTeunn wie enterocutaneous fistula w3aLlu renal loss 91nn1skésu diuretic drug wie
fthwdtoglu diuretic phase ¥03 ATN uenaniseuluftefidriumsudlodes urinary tract obstruction waxdl
urine 99NTUAZLING mmeﬁuﬁwuiﬁ A Tugthe soft tissue injury, infection %%® inflammation ¥l fluid loss

du third space loss ushauule %3e burn, intra-abdominal infection %38 prolong surgery Hudu

answazeMsianslugUaey ECF deficit laun
- Cardiac : tachycardia, orthostasis, hypotension, collapsed neck veins
- Renal : oliguria, azotemia
- Gl:ileus

- Generalized : weight loss, decreased skin turgor

'
o =

YBNAINDINTHALDINITHANIINIAULAT S9TlFDUNAUNTATI8UTETUNIEZY MR LW

v
=

- MSINTUYEY Hematocrit Faaziinduuszana 6-8% lunng 1 dns vesidely
- Urine concentration 7.iuau

- Urine sodium fignduseaninanadtiosnia 20 mEqg/L

dndludUaeiil ECF excess agilon1suazenisuansisioluil

Cardiac : - increase cardiac output, murmur
- increase central venous pressure
- distended neck vein

- Pulmonary edema

- Bowel edema

- Generalize : weight gain, peripheral edema
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wena N maintenance fluid loss waadaimsidethannmiedu wu a1 7ildly W NG tube | stoma,
fistula 1fusfu uazenmadinadetmedldluuiinamnn dduislilfsunsussduamereiasnauliidiome
919 lAARNIE electrolyte imbalance %38 Acute kidney injury &

FeiuFafenudndufivsdosiniinamsidiaedeluluusas Ju o 6l tract liasbuainma NG
Tube 130910114 fistula wazvhnslvensimaunuiiiisme wazmsnaunugieanstihifldudssneures Electrolyte

Tudsnamlndifssiuduansumdsluanismeniniian

Table 3 Composition of Gl secretion

Type of secretion | Volume (mL/24 h) | Na (mEg/L) | K (mEg/L) | Cl(mEg/L) HCO3 (mEg/L)
Stomach 1,000 - 2,000 60 - 90 10 - 30 100 - 130 0
Small intestine 2,000 - 3,000 120 - 140 5-10 90 - 120 30 - 40
Colon - 60 30 40 0
Pancreas 600 - 800 135 - 145 5-10 70 - 90 95 - 115
Bile 300 - 800 135 - 145 5-10 90 - 110 30 - 40
Table 4 Electrolyte solutions for parenteral administration
Electrolyte composition (mEg/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
D5 0.45% Sodium chloride 7 7 407
D5W 253
3% Sodium chloride 513 513 1026

Ds = 5% dextrose; D5W = 5% dextrose in water

Sodium homeostasis
Tuusiaziuseneaeenis Sodium (NaH)Useana 1-2 mEq /kg Aiodu Sodium Wusimua osmolality ves
en wazvaven Seannuzves ECF tnedfinnufaunfives Na* shasifiuaufinunfines concentration 183 Na*@adh
fieuRiaunfiveni avvilvinasessuuUszamle ernsiaslddessinne i hyponatremia waz hypernatremia
Fafudulvgiandeannan detect anuRinunfives sodium liannnsaTavnsiesUfeAnsunnitnisgainenis
ANUARUNRURENIe1RYIIIEAU Na* anasinun@le 1wy hyperglycemia sysfuthanafiunnndn 100 mg%

N9yl Na* anas 1.6 mEq/L
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Potassium homeostasis
Unf potassium tJu intracellular electrolyte fusyana 50 mmol/kg @lugidu intracellular Siflesdau

Weeiaglu ECF compartment WaAUszaM 2% Wiy AnuRAUN#Aves K" avdwmanie cardiac uag neuromuscular
function Tngedskalunidsiu aAws1aglesu K Uszanad 50-100 mmol/d kagkiialasuitnuiwal asduaanyig urine
Uszana 80-90% 1ae¥l dairy excretion 8g#l 10-700 mEg/d

Diet
100 mEq of K*/day

S —
l 4
N
Intestinal absorption k

90 mEq of K*/day
Feces
5-10 mEq of K*/day
Insulin l
Epinephrine
Tissue stores 7 Qgstercgs Extracellular fluid
3435 mEqof K* | 65 mEq of K*
Plasma [K*]
ADH
Aldosterone
Urine

90-95 mEq of K*/day

Fig. 4 Potassium homeostasis

dilng) K™ azgndueannaladuman usidle renal function 1dely azifiunistusenniaganssunuy

Potassium homeostasis Wity
- internal potassium balance 1uns distribution 989 K* s¥ninslunasusniwad

. < + U =~ = Y 11
- external potassium balance L‘lJ‘L!ﬂ’ﬁﬂﬂ’JUF’!ll K GLUﬂWﬁ%UE]E]ﬂViQﬂWﬁQWUlIL‘U’]%ﬁ'Nﬂ'l&l
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Table 5 Y9389iinana internal K balance %38 N5 shift 1918899 K 581N ULARLATUBNASA bk

Potassium shift out off cell

Potassium shift into cell

Insulin deficiency

Insulin

Beta adrenergic antagonist

Beta adrenergic agonist

Alpha adrenergic agonist

Alpha adrenergic antagonist

Metabolic acidosis

Metabolic alkalosis

Hyperosmolarity

Hypo-osmolality

Cell lysis

Exercise #1in¢)

Table 6 @L%%v89 potassium abnormality

hyperkalemia hypokalemia

Increase intake Inadequate intake

- Potassium supplementation - Dietary, potassium-free intravenous
- Blood transfusion fluids, potassium-deficient TPN
- Cell destruction : hemolysis,

rhabdomyolysis

Increase release Excessive potassium excretion

- Acidosis - Hyperaldosteronism
- Rapid rise of extracellular osmolality : - Medications
hyperglycemia
Impaired excretion Gl losses
- Potassium-sparing diuretic - Direct loss form Gl fluid(diarrhea)
- Renal insufficiency - Renal loss (to conserve sodium in

response to gastric losses)

Tu hyperkalemia siniAna1nn15Iu K* supplement 1nniAuly wisedl cell destruction 11 hemolysis #39

rhabdomyolysis
Table 7 mmiﬁlﬁﬂﬁﬁuﬁﬁ%mmimﬂ Gl tract Wagn19 neuromuscular
System hyperkalemia hypokalemia
Gl Nausea/vomiting, colic, diarrhea Ileus, constipation
Neuromuscular Weakness, paralysis, respiratory Decrease reflex, fatigue,

failure weakness, paralysis

Cardiovascular

Arrythmia, arrest Arrest
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Calcium homeostasis

Tusnenedl calcium aguseanas 1000 g wazdliiies 1% winduiteglu ECF compartment dluigjeglu bone

matrix vy free form wag bound form Aefustiu albumin Unfvediuszunm 8.5 - 10 mg /dL usidd

hypoalbuminemia 84 correct A1 calcium 7ILA23968 4NN albumin WA2 NIALUANTINARDITEAU Ca e

WuLREINUY

slowly exchangeable
Ca pool
ICF >99 % (~1 k
Ca intake 0.3% % (~1 kg)
0.6 -1.5 g Ca/day (~3g) vascularization o
ECF pyrophosphate age / \55\ <28 '-.
20-40% I \ ! / S 1 ;o
‘_-.-----...... @ I‘. :
m o i .'~ w i »
ECF K rapidly 5 . P
0.1% — R exchangeable Ca pool %+ pH b 3
© L £l
= 7 (~19) 6000 mg /day oL - (CaHPO,, NCBPs) 4 o - 3 K
l 50 mg /day I X 125VitD = &
ECF phosphate I bone turnover - :'
Guw

Fecal Ca excretion
depending on
net intenstinal Ca absorption

oral anticoagulant therapy

l

Urinary Ca excretion
depending on
net tubular Ca reabsorption

Fig. 5 Calcium homeostasis and factors influencing the exchangeable calcium pool

Unilusiagiu 15719% intake Ca” WilUanMsAuyseanm 1000 mg wargnaAnTunIEn bd wdndudiuiu
szgniueenmala uaziilefisziu ionized Ca>* shas PTH azgnnszdusenyn waznsedu osteoclast 1 release Ca’*
pONINAINNSZANINNTY uenanisslunsedunisadn vitamin D tielfiun1sgaduves Ca?* dau vitamin D ifiaia
serum Ca?* wa serum phosphate Tagluifisin1sgedsues Ca® waw phosphate fidld wazdluifiunisgaduves
Ca®* uaw phosphate filage dau calcitonin gﬂwé"ﬂaaﬂmmﬂ parafollicular cell ¥84 thyroid uazgnnszdulag

326U calcium IuLﬁaﬂﬁqﬁu 4 inhibit osteoclast activity wazlUiiin bone formation
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Table 8 9115193 Ca®* abnormality &¥19m14 GI cardiac kag neurovascular WuLRAEIiUiU potassium

pain

System Hypercalcemia hypocalcemia
Gl Nausea/vomiting, anorexia, -
abdominal pain
Neuromuscular Weakness, confusion, coma, bone | hyperactive reflexes, paresthesia,

carpopedal spasm, seizure

Cardiovascular

Arrythmia, hypertension, polyuria
EKG : shortened QT, Prolonged PR
and QRS interval, T wave

flattening and widening AV block

Heart failure

Prolong QT interval

Renal

polydipsia

Magnesium homeostasis

\Ju primary intracellular Uszanm 50% agﬁﬂiz@ﬂ wazdn 50% E]EquLu soft tissue, muscle uag liver

dufleglu ECF fifoandn 19% Fsdudu albumin Uszanas 1/3 vesisyun lnsaund ogil 1.5-2 mEq/L

Unfiles magnesium g0 intake 3MN81115 BgNUsEII 20 mEg/d gnaduialduaydusenmdle Weiaiw

Haunfvesauna Mg” fUagaziionnsivilouiuiu hypo vise hypercalcemia

Common electrolyte imbalance in surgical patients and its management

Hyponatremia

Ao &l serum sodium BN 135 MEg/L wagiiletipenin 125 mEg/L agiiewlu severe hyponatremia

Hyponatremia llti3esveandes uaroan 1z iy Wuea iU hyperatremia Aroan1zi1n Fauiale

Uszana 3 % Tugthenueulsaneiua

TngunAualladivtinlunisdnnisivaniigll As Wi hyponatremia 31 Avdin1siAisAuves body water

11ANINNITANAIYBY serum sodium VilmAnu LAY

v

fn3in15anasvadsEeu sodium AliiSunnin 9199zlifionns widnanaagnesInise visawidetasnin 125

mEq/L ftaeaziionisuindswe 8deu muscle clamp uas visednla aue1all permanent brain damage,

respiratory failure, brain edema wazidaTinla




Physiology of fluid and electrolytes homeostasis 11

Serum sodium <135 mmol/L
(=135 mEq/L)

| Plasma osmolality |

|
| I |
280-295 mmaolky <280 mmolkg =295 mmolkg

(280-235 mOsmikg) (<280 mOsmikg) (295 mOsmikg)
| Isotonic hyponatraemia | | Hypotonic hyponatraemia | | Hypertonic hyponatraemia
| Pseudohyponatraemia | Hyperglycaemia

Hypertonic fluid administration

A 4

Assessment of volume status

Euvolaemic

Urine sodium

Hypervolaemic
Urine sodium

| Hypovolaemic |

Urine sodium

=20 mmolL <20 mmol/L always >20mmolL  >20mmol/L <20 mmol/L
(=20 mEg/L) (=20 mEgL) (=20 mEgL) (=20 mEgL) (=20 mEgL)
v v v v
Renal Extrarenal Renal Oedematous disorders
solute loss solute loss failure = Heart failure
= Cirthosis
= Mephratic syndrome

. \ v

SIADH I Endocrinopathies Potassium depletion
= Glucocorticoid deficiency = Diuretic use

Fig. 6 Approach to hyponatremia

loldian Na® annsansIanaviesUfuinisuuda desthandiuangan serum osmolality Litegin ay
hyponatremia ﬁLﬁm‘ﬁuﬁ?uLfJu true hyponatremia %39 pseudo hyponatremia Ingenil serum osmolality A9 WaAng
119399ud Na* lalléiina3s usiifumsrziinnie hyperglycemia, mannitol, glycerol ag ¥il# Na* gnuatis Gslumng
100 mg% 89 glucose ity Na* avanas 1.6 ﬁau‘lmaq’m?‘iﬁ lipid %38 protein windu defuans serum
osmolality panunazlady isotonic osmolality L%ﬂﬂamm’wﬁdw pseudo hyponatremia upg Ly true

hyponatremia 9339 2z#83AIUIAd serum osmolality Tadu hypotonic osmolality

Hypotonic hyponatremia wuaidu 3 ngu sy Inauumiu volume status
- Hypovolumia : W@AIINELNIOVINUIRII uaYIAtesnIT Na* vty 1wy Wieiin1se1ideu walnun

newnunblill Na* WWudiudsznau
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- Euvolumia : Na* stable ag}wi?ﬁﬁt.ﬁumﬁaﬁ'l wulungy SIADH, thyroid wag primary polydipsia

- Hypervolumia : finsiia@unson15iAuYee volume walLEDNI1 Na* NUAN 19U HF

d' + 9 Y a o § v o ° v o 3 X =] s al
LD Na™ ¢ LLa%u’]Lﬂu‘\]BW{L% ADH ONVaNEaNANANN LLaZVI']W‘L!'WﬂuﬂW?UUUW@JWﬂSUU BANHUINANIUNTITUN

ADH vanuldlduiusiunnsdniulusianie

- aMg ADH 9wgn suppress L ﬁmﬁ*&%, primary polydipsia, low dietary solute intake, advance

renal failure Jusu

- Mzl ADH gn elevate WuNNTU 1y din159An, hyponatremia 31nn1580nANEaN1g, SIADH Wag

diuretic drug Hudu

weanINAoUsEIY urine osmolality sialulungu Euvolumic hyponatremia Liteganuduiuslunsduun

v

p9nN8AAUATIE hyponatremia #LAnTu Inedn urine osmolality 611 wanIdin1stuitesnly ogeduRusY L

urine osmolality g9 kAT SINMEAISHRTULIEBNNN uifundulitueen wiganduiNaY urine

osmolality g4 ‘%’!ﬂlﬂuﬂa:m SIADH n&y cortisol deficiency hypothyroid

Unfd 81 Na* Tusaniedn $eniedeaiu Na* 13lus1enie vinlsr urine Na*™ #ee FE Na* Aagenlusie 1

wanedlavhauegramuzan uilelafaud Urine Na® g FE Na*™ g9 uansinlavinaulidd finsgandu Na* weundn

Amsaziu

Cerebral salt wasting #8172 brain injury agvinlvianewinnuinUn@lulaziinisanasuas ADH, salt

appetize anas AMuanas vilidenluidesilaiiutu GFR WuTW Na* reabsorption anas sauAull water

reabsorption anas kazdl renal Na* loss m4le fatiugUae3aiinnig hypovolemic hyponatremia &61931n SIADH 91

v a . .
§UI83231n17% euvolumic hyponatremia

4 ADH
{ salt appetite
{ thirst

4 sympathetic outflow

1 natriuretic peptides

&, torr

4 Na reabsorption
{ water reabsorption

4 R-AGll-aldosterone

Na loss

7 N\

K sparing

Fig. 7 Sodium regulation
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Cerebral salt wasting syndrome
Management

ns¥nw dEUleiiennis wwu seizure TWsnwidesiinou mugluiunisuilunnig hyponatremia
Toe dudu severe hyponatremia 13 bolus 3% NaCl warszidlallisesu sodium wWasuwlassinwiuly Tngliaas
A 10 mEg/L Tu 24 $alususn uadwnnlifiernsianansauddnls dmnninnsasunlamessesu Na* Misauauly
oavlAnian1y demyelination vesavadls Fuiniin wd 2-6 Sundianinisud Na* Sauuy reversible uay
ireversible fowhnsBudunsidadesenisvi MRI dndvainindedinmsifiudures Na® wnndn 20 mEg/L Tu 24
Filus warinliAadwnninsvdsuudasiesndt 12 meEg/L Tu 24 $alus

Fnssnwitusuigtaeiinig hyponatremia il volume status iuuuuln uasdulsela dmnidu
SIADH figassnunlagnis restrict fluid ustdmnifungy hypovolemic hyponatremia fimssnulasnisliansih
nawnuiid Na* Wluduusznau sgnadesfinasidu isotonic solution Tnelaizfinmuan Na*
Tuidenselnadin
AIANUIN
Expected change in serum Na (mEg/L) = Infusate [Na+K] (mEg/L) — serum Na (mEg/L)/(TBW +1)
*TBW = 0.6 x BW; {18 > 65 Uwazgnels < 65 U 19 0.5; mida > 65 V14 0.45
*¥infusate Na 131 3%NaCl = 513; NSS = 15

Hypernatremia
Ao &l serum sodium 11N 145 mEg/L wuau
- increase free water loss innMaidpansthiill Na* iludeusznovegluviinadidesndilu
plasma sl dsuasimaunuiiiiose SAedousin wiliide Na® 1Anlda1n skin Loss, Gl loss,
renal loss 1w DI, osmotic diuresis %38 tubular disorder Wudu
- decrease free water intake 1 TuAufl trauma 3o bed ridden LLéJ?lﬂlﬁﬁuﬁﬂ
- Sodium overload e1atAalaain 3%NaCl IV, 7.5% NaHCO; IV, salt poisoning (child abuse, ldindsaau
futhana); Ssmsuen salt poisoning iU unreplaced water loss 81978991599 FENa (< 0.1-
0.2 1Ju water loss; > 1-2 vJu salt poisoning)
vnfinng hyperatremia §Uheazenns Fuas saunss ¥n vide coma lé Insemsazadedugitiefiiinng
hyponatremia waz138n15aAaIU94 brain volume ﬁ]uﬁﬂﬁﬁﬂ%ﬂ cerebral vein udLAANIT rupture 904 cerebral
vein iindu hemorrhage musnlel viemndnisifiswes Na® annifu 160 mEg/L axdadusevere hypernatremia

uazeMINLAY 180 mEg/L azideTinla
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W3t InEtieiing hypernatremia W fasuseidiy urine Na* sialy
- &m0 urine Na* Weend1 25 mEg/L kARIIURLARAINANMAYS increase free water loss
&3 urine Na* 1nAndn 100 mEg/L wanein1azinen Sodium overload 91nmsisuansiniia Na*
oglutiinaiinnifuly

- wstwynndu DI urine osmolality agipendn serum osmolality

Management

n13¥NwIN12g hyperatremia (3u99MMaM1 water deficit gidoaduinludnidiladeayldamududures
Na* wirfifeanis

H,O deficit (L) = Current TBW x (serum Na-140)/140 = 0.4 x BW x (serum Na-140)/140
Volume (L) = H,0 deficit (L) x (140/Na in IV fluid)

*Current TBW = 0.4 x BW; Un@ TBW auwiniiu 60% Tumeengies, 50% luvdgongtasvisesgaigunn, 45% lunds
91810 usllunmsdunnagldeniitesas ~10%

ms$hw wiloutuiu hyponatremia Figldmslanaudniuniy 12 mEg/L Tu 24 7lus
fiinswAsunlasmessyiu Na' fisuAullegyinlvaussuinls wilugfaed unstable annsaufiirlsuslsihu 8-15
mEq/L Tu 8 Falus usidh stable uds linsufiAu 0.5 mEg/L/hr Tnedulnaliduansiiflil Na* Hudanuszneu
wiulsdu 5% Dw

Hypokalemia
98% B potassium EJQWL‘U intracellular fluid @udn 2% asﬂu extracellular fluid 1ng hypokalemia
yanefe msdl K Tudontiosndi 3.5 mEq/L wasktssziunnusuussisieluil
- Mild to moderate hypokalemia 3 — 3.4 mEg/L
- Severe hypokalemia < 2.5-3 mEq/L uazioIns
anwsuunu 3 nau laun
- 910015 shift 191 cell Tng alkalosis, insulin, beta-adrenergic activity ﬁLﬁu%u
- fin3 loss 910 Gl tract 970 renal loss ¥i3ean inile
- 910 decrease potassium intake
2INTHATDINTITHEANIYBINIE hypokalemia
- Muscle weakness bUU ascending
- Ischemia : cramping, rhabdomyolysis, myoglobinuria
- Conduction abnormalities and arrythmias

- EKG change : ST segment depression and prominent U wave
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msshw Wgananvgueanisiindninainaimele LLaBLLﬁﬁ’]LMﬁ!‘Su ANl potassium supplement
Tun¥euiu Ssvildluaaiisinwuliios fo hypomagnesemia fvnlaiud magnesium roufiagliannsa correct K*
1t
K" deficit = total body water * (desired K* - actual K*)

Hyperkalemia
fio fawdu K Tudenunnndt 5 mEg/L uagiimautsssiuamuguusaietelui
- Mild: 5.5 -6.0 mEg/L
- Severe: > 7.0 mEg/L
awie wuseanidu
- §ng release K" aananw@ad 1wy rhabdomyolysis, hemolysis LHudy
- fimsanaswesnistu K Tufteilalid
~ latrogenic wu msldansinid Kt ludnsiigaiuly
2INTHALBINITUENS
sidauile serum K > 7.0 mEg/L (mﬁ]ﬁﬂﬂiﬂ‘ﬁu acute hyperkalemia)
~ Ascending muscle weakness 319107 ddnazkvumudy s flaccd
paralysis 1si(Aa1e Guillain-Barre syndrome) @523 sphincter tone way cranial nerve Un@ sinlal
firespiratory muscle weakness
- ECG amfinsiAsuulas Snsdsuluauddiu uwdlidutusiusedu serum K ldun
O Tall peaked T wave (non-specific) + shorted QT interval
Progressive prolonged PR + QRS interval
Decreased P wave amplitude
Sine wave

Asystole

O O O O O

9197 lAAA hyperkalemic Brugada sign (pseudo-RBBB + “cove” ST elevationtu > 2
precordial lead waLENIIN genetic Brugada syndrome Tawiill absence P wave, marked
QRS widening +/- QRS axis) wuidle serum K > 7.0 mEg/L
O d@W13aNnU conduction abnormality ?)Iusﬂ,é’f 19U bundle branch block, sinus bradycardia,
sinus arrest, slow idioventricular rhythms, ventricular tachycardia, ventricular fibrillation,
asystole
- Metabolic acidosis {in91nn12z hyperkalemia %1% urine ammonium (NH4+) excretionanas (lu
nanenaln)

wazddlolnsinufiidiu EKG wanasde hyperkalemia wagiiusy ianvinlasde Audee 10% calcium

sluconatelsiaglyifiossanansiamneiosuufinis
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1333 Lﬁaﬂﬂwﬁmw hyperkalemia 23194 IV calcium LUu antidote of choice Lile stabilized heart

nounaedl arrythmia wae arrest Tufian

Calcium

10% Calcium Gluconate 10 mL IV in 2-3 min Wgnldlu 5 widt §1 ECG ity senquinielu3-s wifi
ﬁqw%‘mu 30-60 w1l Wulisauiu bicarbonate solution (Anmznewiu calcium carbonate)

RI 10-20 unit + 10%DW 500 mL sig IV drip in 60 min %38 RI 10 unit IV bolus + 50%DW 50 mL IV
bolus + 10%DW IV drip 50-75 mL/h (iewdnidssn1iez hypoglycemia fisinifiands RI IV bolus

1 $2l9) 0anqudlu 10-20 it fgvduiu -6 Falus amnsalsisldvn 2-4 dalus

NaHCO; 150 mEq + 5%DW 1000 mL sig IV drip in 2-4 h w5187 metabolic acidosis wazau1sa
1 volume load ¢ avan serum K 1emddlid 4 dalu

Salbutamol 10-20 mg NB > 10 min & additive effect fiu insulin aaﬂqménﬂaiu 15-30 Wil ﬁqm§
Wy 2-4 $3l an K 1§ 0.5-1.5 mEg/L

Kalimate 15-30 gm Nﬁuﬁﬂ PO %3al9Aluluy rectal enema Tnawau 30-50 gm + {fﬂ 150 mL @udn 20

cm Yiglann 2-¢ Falus

Calcium gnazaueglunszgnuszann 99% d1dn 1% agluden Fuing free from wa  binding with

albumin lngn1sasianwissdiinisiedielduinfiande ionized Ca®* ussinlifieyudansiaiiios1niisA1ung

Function 984 calcium oA

Wuomnsues bone

Blood coagulation

Affecting enzyme activity

Affecting hormone secretion

Smooth muscle and myocardial contraction

Nerve impulse conduction

Hormone 7illanaseau Ca”* lawn

Calcitonin ¥l Ca** fas lnsnsiudinszgnuasnszdunistueennisls ann1sgadumng Gl

PTH viligedu Tngn1sie1eenainnsegn ann1stumle uag 1uN159ATunIe Gl
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5¥AUVRY lonize Ca?" azlasudvizwasn
- Albumin
- Blood pH
- Serum phosphate 818 phosphate snAagluduiu Ca®* e wwdeatuiu citrate
- Serum Magnesium
- Serum bicarbonate
- Exogenous factor
ﬁaﬁ?umﬂéﬂwﬁmw hypoalbumin 9128 A8s correct Ca®* nau

correct Ca®* = measured Ca** + 0.8 x (4 - albumin) mg/dL

Hypocalcemia
fin E6U total Ca®" < 8.5 mg/dL %38 lonize Ca*" < 4 mg/dL)
ANALNAIN
- Hypoalbuminemia WU‘U'EJEJ‘ﬁIEjm usladlidamase ionized Ca®*
- Vitamin D deficiency (malnutrition, gastrectomy, intestinal bypass, liver failure, renal failure),
malabsorption syndromes
- Hypoparathyroidism 19U post-parathyroidectomy, neck irradiation, radioiodine ablation, infiltrative
disease (TB), hereditary syndromes, autoimmune disease
- Alcoholism, Hypomagnesemia, Sepsis, Acute pancreatitis, Rhabdomyolysis, Massive transfusion
- Drusgs Wi cinacalet, cisplatin, 5-FU+leucovorin, zoledronic acid, phenytoin, phenobarbital,
foscanet, denosumab
2IN1TLATDIATILLEAN
1M1 neuromuscular 1y naiiodunyaitlnsiamsiivduaran meladesin ndusuin deauieu
nsrdunseee dewm@s Un #3539 Trousseau sign (3 BP cuff 4031 SBP fal% 23 unih), Chvostek sign (1A facial
nerve)
EKG change : QT prolong with normal T wave, prolongation of the ST segment with little shift from

the baseline

1330
- mild #i3® asymptomatic 111 Ca** supplement 1-3 g/d uaglsi vitamin D lu CRF
- severe hypocalcemia with cardiac arrhythmia 1% 10% Calcium gluconate 10-30 mL+ 5DW 50-100
mL drip in 10-20 w1t lgyn 1 $alusauninenisagwe vielisadne 10% Calcum gluconate 20-

40 mL IV drip in 4-6 h uAZAI9 Ca 9190 4-6 Fala
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amngUieiin1ie hypomagnesemia %38 acidosis 13N hypomagnesemia wag acidosis figw
e ndmninw hypocalcemia Ine#diin1ag acidosis 8¢ hypocalcemia veagUagazuea
Tu chronic hypocalcemia fUaesinaglirpeiionnis uenaina replace calcium ud3 AIFIA vitamin D

$IGY WATAARING serum Ca’’

Hypercalcemia

4

Ao 5¥AU total Ca®* > 10 mg/dL wuIsEAUANNTULSIRAsB LUl

96

Mild total Ca** > 10 - 12 mg/dL
Moderate Ca®* > 12 - 14 mg/dL

Hypercalcemic crisis Ca®* > 14 mg/dL

Malignancy lein squamous cell CA, lung CA, breast CA, hematologic malignancy, MM

PTH related laun primary hyperparathyroidism, familial hypocalciuric hypercalcemia, lithium
Granulomatous disease o sacroidosis, TB

Drug 1auA calcium + vitamin D, vitamin A, HCTZ, milk alkaline syndrome, theophylline toxicity

Others laun hyperthyroidism, adrenal insufficiency, immobilization, renal failure

N3 approach ilaggsedu PTH §1vn PTH #1 Uansdn {AN15N suppress WAAII@WMALIAEENN

malignancy ndu solid tumor %38 endocrine tumor #1499 619110 PTH gavTeund waneindinisnseduain PTH &l

«Junqu primary %39 tertiary PTH

BINTLALDINTTLLEA

ANS55NWYI

Renal stone

Skeleton bone

Gl abdominal moans Uanvias

Neuromuscular : psychic groans, confuse 13U Ca”* > 15 mg/dL Uesindlenn1sduas
Cardiovascular

Keratitis

liflermsfinundvdeionmadniles Tsnwianug Wiuthanng wazann1siu Calcium ag

& Ca?" < 12 T NSS 200-300 mL/h 19 UO > 2 liter/d waglii furosemide e clinical euvolumia &
Lt monitor Ca®* ¥ 8 3l

01 Ca’* > 14 v3elionsiaund T NSS 500-1,000 mL IV in 2-4 h (3-4 L/24h) + furosemide 20-40
mg IV 1% UO > 150-200 mL/h wagsnw1 hypokalemia, hypomagnesemia
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- Prednisolone 1-2 mg/kg #38 hydrocortisone 200-300 mg IV Tu Addison’s disease, steroid-
responsive malignancy

~ luseil severe wiofl renal failure T9ivh hemodialysis

- Bisphosphonate @inladlalnlu ER) Rarsaunliilu malignancy aun 1wy Pamidronate 60-90 mg IV 2-

2ah, Zoledronate 4 mg IV > 15 min %384 Calcitronin 4 unit/kg SC/IM q 12 h

Phosphate

80% w83 phosphate lusumegnazaueglunszgn llunsduidu ATP

Hypophosphatemia

Ao d38AU PO, < 2.5 mg/dL

anvnaulvg 1AuA alcoholism, DKA, prolonged antacid used, malnutrition, Shift, Refeeding, Diuretic
Respiratory alkalosis, Renal loss, Mulnutrition, Extreme catabolic state L“U'uﬂ?jll burn %58 trauma i
phosphate i
2INNTLAZDINITUEAY

- Acute respiratory failure #9414 ventilator \flosand muscle weakness

- Rhabdomyolysis, bone mineralization

- Hemolysis, disorder of leukocyte phagocytosis or chemotaxis

- Alteration of conscious, paresthesia

- Cardiomyopathy
33N
- mliflemsiauni dwlneg) PO, aznduiluunfiesluamvansu
- thilonnsidntes (PO, 1-2 me/dL) T acidic phosphate 15 mL PO tid w38l PO, IV 0.3-0.4
mmol/kg
- dlensun (PO, < 1 mg/dL) T PO, 0.6 mmol/kg tdenlit K,PO, (3 mmol/mL) IV drip in 6 h
%39 Esafosfina (22.55 mmol/5gm)
Hyperphosphatemia

o

Ao dszAyu PO, > 4.5 mg/dL
amnalnginan renal failure $naziing iy hypocalcemia nszaziulzilionNsigumeIiu
hypocalcemia f1fienisaulngidnasiisedu phosphate 1nnd 5 me/dL @1 PO, g agluduriu Ca® il Ca’*

fasnae 1y calciumphosphate complex lUsuniunns resorption w84 bone %l vitamin D anas
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R
- letulalid il phosphate q&%u
- 508 cellular injury ; rhabdomyolysis, tumor lysis syndrome, hemolysis
- Medication
135NN
- an intake a9

- dueenmiln lae diuresis 16 visadndusnnenafesfiansan dialysis

- & wduwan chronic kidney disease Al phosphate binder L% CaCO;, calcium acetate

Acid base disturbance
Definition
~ Acid feerlsfinudls proton[H'] la
- Base fimevlsfinudisu proton[H'] W
CaClZz + H20 - Ca2* + 20H- - Ca(OH):

<

autuidlodiy cacl? asluluth suavidunse Tne Ca TUfeon OH 1 nanewdu Ca(OH)2

1
o

WARNSSINYIAT Auidudues [OH] AU [H'] gadusisawiiiu 14. Fuwde proton[H'] aguin dulidadunse feudl
agliilevaoy proton[H'] eanuaIndsiu watuyiliy Uaes Proton[H'] senununnau

HA <«—» H*+ A
K = Dissociation constant
= [H*][A] / [HA]
Tu normal human physiology
[H*] = 40 mmol/L = 4 x 10-1 mol /L
pH = -log[H*] =-(-7.4) =7.4

. =t

pdAp1mils Ae nIn Weounnd aziinauduiusiduaias Weihaududuues proton fu base

e

3 v

VDINTAUUAT WAIATAILAITAINY
Tupuun@ proton [H+] Azdlanuitautulszana 40 nmol/L &ausune

pH f® AAA1NN1T take negative log TARUAITNTUYDY [H]

ndeyatierusnihunlyiu Buffer system Tusianig
- Total capacity = 15 mEqg/kg
- #150% ag/lu ICF (outside ECF) lauA protein, phosphate uaz bone

- dilu ECF azfusyuuves carbonic acid/bicarbonate
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Fesndansnanngalun13danis fiu metabolic acidosis o protein iU phosphate W51 metabolic
acidosis $inifialu intracellular wazly intracellular & phosphate Wa protein 8gin @3 bone ddnEwaunfianiu
N159ANT3AU respiratory acidosis 1184370 absorptive capacity U84 carbon dioxide 91 bone fiAvindu 120 L fatiy

awfne3 11 iy difficult LC 14 gas TUuan 140 L 153l respiratory acidosis inlaudafuiutiu Aneufie lwsz gas

U
o

140 L 1Ay threshold 989 bone Tunns resorption wazn1s dussnnisuaaluuds

Henderson-Hasselbalch equation pH [H]
COz2 + H20 «——>» H2003 «— H+ + HCOs- 7.0 100
7.1 80

Accelerated by carbonic anhydrase

pH = pK + log[A] / [HA] 72 64
= pK + log [HCO3-] / [H2CO3] 7.3 50
=6.1 + lOg [HCOS'] / [COZ] 7.4 40
=6.1 +log24/1.2 =6.1 +1og 20
— 74 7.5 30

7.6 24
1.7 20

NANNTTGY dranunsamuandndInves [HCO,] / [CO,) I wiriu 20 pH veudenvzdinudunatdlag
%692 maintain balance a1 CO, Aavan vas HCO, Ao n

Tuauund dleunuaiadlu azlé pH 7.4 ms1suanindn pH fu A1 proton 2gdas relate ffu. duandngllann
i wanein An ldennsouwvanaals

[H+] = 24*[PaC0Oz] / [HCO3']
= Jon / ln

amuidunsasisfoidoswes Veauarlafimuniisaassey feduiaindinng compensate fusgiawe dafing
Y84N13 compensate el

- ldfins over compensation 80U met acidosis aglaiiinng compensate Tngnsmelaien CO, 8nNaU

nanewdu alkalosis

- Tu simple disorder siuaglumaiiu

- WiisFedis complex disorder flagliAsuudasivlumadieiu

- ¥y limited compensation Wiedssesuilefisulyilv pH frzdeaudsuwladly
1ng

- Tu acute respiratory acidosis [HCO5] ﬁLﬁaﬁﬁumﬂmi compensation aglaiflvnaiu 30

- Tu chronic respiratory acidosis [HCOs] ﬁLﬁmﬁumﬂmS compensation azlaAu 55

~ lu respiratory alkalosis fiufiu [HCO;] avldanunsa compensate smasnaumdetosnii 18 ¢

- Metabolic acidosis fiazlaifinsdu CO, aumdosini 12

- Metabolic alkalosis CO, azlslifigawiiu 55
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A1UNAI1N arterial blood gas : pH 7.35-7.45, PaO, 85-100, PaCO, 35-45

Disorder pH [H*] Primary disturbance Secondary response
Metabolic acidosis \L T \L [HCO3] »L pCO,
Metabolic alkalosis T \L T[HCO3] TpCOZ
Respiratory acidosis d T ) pCO, T[HCOS]
Respiratory alkalosis T J, \L pCO, \L[HCO3]

My acidosis pH 2g6n1 7.4 @3 alkalosis pH AganA9 7.4 deanfiansaundl pCo, ienenindu

metabolic 3.luan respiratory §11n pCO, Wlumaieatuiu pH wansindu metabolic At wnaumaiy

924uaN respiratory ndsaNiudegns predict Mudsunladlluilsvas metabolic drvnnlilden pco, aui

predict 1§ uansindl component dusausig daluilaves respiratory gnisilsuudasves HCO, uwdn

Disorder

Predicted change

Metabolic acidosis

Metabolic alkalosis

pCO, = 0.7 * HCO; +21

paCo, HCO, pH
Acute respiratory acidosis Increase 10 Increase 1 Decrease 0.08
Acute respiratory alkalosis Decrease 10 Decrease 2 Increase 0.08
chronic respiratory acidosis Increase 10 Increase 4 Decrease 0.03
Chronic respiratory alkalosis Decrease 10 Decrease 5 Increase 0.02
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Metabolic acidosis
Arterial pH < 7.35

+ Plasma HCO4~
|
1 1
(" Evaluate respiratory | Determine plasma
compensation anion gap
& APOO2 =12 AHCOs— ) (Na*) - (CI” + HCO3_)
|
1 1
(it =)
Normal anion gap Large anion gap
8-16 mEg/L >16 mEg/L
- J

" " N
m;:;';'raa":hmt;tg;g“ Determine plasma ] (Check for concomitant
» . .
el diderslon osmolar gap J L metabolic disorder 4
&
>5 mosm/L <5 mosm/L Corrected plasma HCO3~
ETHOL, Methanol, DKA, LA, CKD, =
Ethylene Glycol Inborn Error Metabolism HCO;™ + (AG -16) )

Fig. 8 Approach to metabolic acidosis

AWMAVBINISIAA metabolic acidosis
- 10 [H] Wisy w3 [HCO,] anas

Wietlu metabolic acidosis fewinn1sUszidiu anion gap Aely

Cation = Anion
Na® + K" + unmeasured = Cl + HCO; + unmeasured
Cation + globulin Anion + albumin
Na*- (CU + HCO;) = (albumin + unmeasured anion) - (globulin + unmeasured cation)

= Anion gap
= 12

Anion gap = [Na'] - ([HCO41 + [CL])

Corrected AG = actual AG - 2.5 x (4.5 - albumin)

Tusngud cation Foawiniyu anion zislalguyudludi faziusey albumin masiagsilil anion wavas
21 albumin anas 10 avili anion gap anas 2.5
ANALINTDINSNA metabolic acidosis fim HCO, loss ‘?ﬁwzgﬂ compensate Taensidfia CU resorption
Tp9zifiu CU ndufy wihiuildes HCO, W
A gap =A HCOs-

#1194 normal anion gap (8-16 mEq/L) axtAnléa1nsis diarrhea, enteric fistula Aon1side HCO5™ 91n Gl

tract 30 Ngu RTA Mlaziduoantunidle
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fde HCO, wandinisiiiu CU ndunmaunuiy anion gap aglining uadlinse wWiluunu waziunsed

lullvlalasmanda (HCV wiu 191 H,CO, WU aztinnisuandaides CO, panlunisten wazlifiozlsluvame insigaziy

anion gap 9¥NN9TU Mt delta gap MUAsulUaIn 12 (A1UNR) agApaviniu HCO, fianain 24 (AUnd) alal

Wi wanea1dl complicated 81 HCO; weluunnninfiazeduielaain anion gap kaneindinisids HCO, LiuLALeE

ud 81 HCO, lalmeluiniasazidunanaindinisifiu HCO, nduan Aedl metabolic alkalosis S3uM8

11 wide anion gap (> 16 mEq) awsiinuldvesfe lactic acidosis @Iuavmnau L uremic, ketoacidosis

fioranuls wilivesiinlugUledanssy

BINTHALDINTTLLER VLG?]JLLﬂI

AN55AN

Increase sympathetic activity

Arterial vasodilation siniAalunsdifl pH toenin 7.2
Decrease oxy-hemoglobin binding

Hyperkalemia

Insulin resistance

Free radical formation

Emesis, decrease sensorium, hyperventilation

%’mﬂ’]mmmaﬂmﬂﬁm LU toxin (antidote), sepsis, DKA

uwienvvzdetiedes maximizing respiratory compensation 1nen1s ventilation neu

A5 bicarbonate il CO, Wiy vilAR NS intracellular acidosis wazdnlslaninsa

Wil minute ventilation %uaﬂ wMAANN™ME respiratory acidosis AL LWinazﬁubicarbona‘te W
Tnsalftsnduse physiology warszminamslif definite treatment Wity sinlslunsdlfl e pH tesnin
7.1 uagAnuUIunnYes NaHCO augns = mEq ¥83 HCO, = 0.5 x BW x (8 — measured

HCO,) emay 5DW 500 mL + 7.5% NaHCO, 75 mL IV rate wenenuligngfiansansumiujunsaves

81n15 nefl Maximumn rate laiiin 1.5 mmol/kg/hr

Metabolic alkalosis

g1 Ao pH > 7.45, HCO,; > 26 mmol/L, BE > 3 mmol/L
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Random U[CI] <10 Random U[CI] >20
mEg/L mEg/L
[
A 4 *’ *
 Diuretic abuse? Urine [K] =30 Urine [K] <30 > High BP
= Bulimia mEg/L mEg/L
* Posthypercapnic l l i
alkalosis
* VIPoma causing » Hypokalemia * Primary
chioride-rich diarrhea s orimary| [ Nomal BE hyperaldosteronism
+ Congenital chloridorrhea cause of the * Cushing syndrome
alkalosis * Renin-secreting
tumor
+ Adrenocongenital
syndrome
T * Liddle syndrome
* Bartter syndrome * Licorice
» Gitleman syndrome | |« Fludrocortisone TX
* Diuretic abuse? * Glucocorticoid TX

Fig. 9 Approach to metabolic alkalosis

aninnn1side [H'] w3ell [HCO, ] uniiuly Tneuni tnagdl Threshold Tunisdu HCO5 Useanas 10
mEg/kg siaTu

desmnsnsmensitu (H] sendumize wiluwidu us [HCO, 1 1uléifumiae fiad Faroudraunnsneiy
11 ingagiiu metabolic alkalosis alaiiAntu dvnnlaifinsga HCO,1 nduftle 1wy pyloric obstruction leld
NG tube @mﬂfﬂéasaaﬂiﬂnﬂi’u 9z1An volume, K* ,Cl depletion lnag compensate $en1s ¥ [HCO, 1 resorption
Wiy hormone aldosterone wazluwdvanisadranssudn renal tubule Ty hyperosmolarity Asfilinaman
fio metabolic alkalosis %l urine chloride §1 w512 chloride auideludnauuugy 5uﬁl38md1 metabolic alkalosis
%fin chloride responsive 3nwiiafie metabolic alkalosis ¥finfiAna1n aldosterone 1iu FuAnn1s absorption W
Na* wag HCO5 wuuiezdu wila chloride resistance

uamm‘f‘jﬁﬂﬁmmqﬁlu \u refeeding syndrome ,severe nutrition ikl feed wniiuly ugtheld cation
TUaumun s Ca?* PO, Mg fgawiiin refeeding Wasiiea1n15u0e muscle weakness flosan Ca* ¢ K o
Hananewenil s hypercalcemia Tu hyperparathyroidism agsiliin metabolic alkalosis 46in chloride
resistance loLyuiu
DINTUALDINITHAN

- Hypoventilation

- Respiratory depression

- Neuromuscular excitability

- 919 vasoconstriction 1@ vl cerebral blood flow anas

- seizures
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n3$nw 9318w Cl responsive w3l

Tu chloride-responsive Awiad mEq 909 Cl deficit = 0.2 x lean BW x (100 — CU) thuuas

\Ju 0.9%NSS (L) = Cl deficit/154 T rate = 100 mL/h + (fluid loss + MT)

dnluseflild NSS 1ailg (edematous stage) Snarduusiiu hypokalemia ls$nwdie KCl
replacement

Tu chloride-resistant A hypokalemia Iaen15li acetazolamide 5-10 mg/kg IV/PO

(ETUE?Q HCOsreabsorption waziiy HCO, secretion) wsilunsal severe alkalemia Ao pH > 7.5 %39
HCO, > 45 T IV HC\ ImeA1uan mEq w8 H' deficit = 0.5 x lean BW x (HCO, - 30) uaaliAiuied
USuag Liters 83 0.1 normal solution (100 mEg/L) = H* deficit/100 14 rate < 0.2 mEg/kg/h Hu
CvC

Respiratory acidosis

1Ana7n hypoventilation wazdl respiratory failure Q’ﬂamaﬁmmmé’mﬁu respiratory alkalosis Wil coma

Ioileeann oxygen Suanadlsne diunissnuaneidilalaens SnwianmsuesUle 1 bronchospasm uagsyia

sl 0, nifiuluagnanisnelalugiachronic hypercapnia dlusenlinauauswionisiny lnsaniziiie pH

< 7.25 91300313 ventilator support (1u ETT, CPAP)

ml,wruaﬂmil,ﬁﬂ Respiratory acidosis 1u

A158A narcotic

A58l central nervous system injury
Pulmonary significant

Atelectasis

Pus plug pneumonia

Pain

Limit diaphragm

Respiratory alkalosis

awgannns dnsnsgdunismela liinsganawnelafinig viligUiemelai wu pain, anxiety,

neurogenic disorder 6113, Salicylate intoxication, Fever, Early sepsis #1149, Hepatic failure, Thyrotoxicosis,

Artificial hyperventilation &agUagaziiennis Awieluil

fin13anaswes cerebral blood flow %38 coronary blood flow
Arrythmia
Neuromuscular excitability

Muscle cramp, seizure
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33N
- Shwausueamaiinniel
- A death space lagn1sie1geunAseay

- Control ventilation



