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o Xt & 1 60%

2/3 e po (ICF)

1/3 xmrz ¢t (ECF)
2>1/4 1 Jf:
2>3/4 B F e 5

Mormal water intake

(10-15 L/d) }::>

Water of eellular

metabolism :D’ |
(350-500 mlL/d) -~

Intracellular Extracellular Total body water
compartment | compartment 421
(27 L) (15L) (60% body weight
ina 70-kg man)
Fixed water excretion Variable water excretion
T S
= Filtrate/d
180L
Stool Sweat Pulmonary
0.1 L/d 0.1 L/d 03L/d

.

Total insensible losses
~05L/d

o

Total urine output
10-15L/d

Water intake and distribution

Water excretion
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Body Fluid Composition

ICF ECF

® ECF volume: renal Na*t
regulation

® |ICF volume: effective
osmolality
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Plasma Osmolality

2 (Na*) +

Glu

18

BUN

2.8
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® T-iizkE X plddn Hpik > B P 99%:engh & R idJE PR
JE gy B3 1% (L5202 k) it o

® TR E & sFA FoE i F (ADH/AVP) r & sojeok i o L R i
Fokir2 & -

® i FALHERFE FEFRSPE RZERITH A L FHEFFE F 2
% plp ko
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g\ % -R i» 73} &-renal

(=) T g2y sr ki

® TR T F £ fc60%:rsh 2 ok i 5 3 41K F E R 220-30%

BRIT) B 2 T g R 12 10-15%4p 2

Km0 B4 E Kip 2

Eofe BT Fwe s g2 g kRN T LA RRER

Wb 2 F o 4% 41§ Rz Na-

K-2Cl ATPase Pump

2 cNat > £ ST BASER - L

KIB 3 {8 K A e o

SRR F R



Proximal convoluted tubule Distal convoluted tubule

Site of action of ™
thiaride disnotcs
pdrochiosothiazide

NaCl




¢ |I11|

R E IR M EPE IR T
4\ % -R {» 33 & -central

(=) P Fedd ©2 A G4 % Kin

PR R EA LOG-10%) 8BS R A (2-3%)F > T 5 d
B4 2 BERE R BOETRE AR % (ADH or
AVP) » Bk P p c FFEBRED ST REREZBFERIEF o



Impairing Hypotonic Inhibition of ADH Secretion

PNH

Pain
Meperidine

Non-Osmotic Stimulation of ADH secretion
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(hydrostatic pressure) T @ HBZE R P > @ Wi Rix 2 Natz & 3z
¥t 2 Starling forcez. 7 1@ -
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Evaluation of ECF Volume

PE:
® Body weight changes

® |nterstitial: Skin turgor
® Venous side: Jugular vein
® Arterial side: Postural hypotension
Laboratory
® Blood: Hgb, Hct, Alb, Urea, BUN/Cr, uric acid, PRA
® Urine: Na*, FENa*, FEUrea, FEUA



Intravascular volume depletion

Volume overload/congestive heart failure

History and chart review  Thirst, dry mucosae, oliguria
Excessive fluid losses
Fluid balance (intake/output, daily weights)

Physical examination Reduced skin turgor
Dry mucosae, absent axillary sweat
Reduced jugular venous pressure
Postural tachycardia or hypotension®
Supine tachycardia or hypotension

Ankle swelling, weight gain
Orthopnea, paroxysmal nocturnal dyspnea

Pitting edema

Jugular venous distension
Third heart sound
Pulmonary crackles
Pleural effusion

‘A rise in pulse rate of > 10 per min and/or a fall in systolic blood pressure of > 20 mmHg after standing for 1 min.




¥ BRI B

e % %R 95 Na CI
(mOsm/Kg)  (g/L) (mEg/L)

5% D/W 252 50

10% D/W 505 100

50% D/W 2520 500

0.45% NaCl 154 77 77

0.9% NaCl 308 154 154

3% NaCl 1026 513 513

Ringer Lactate* 272 130 109

2 p 7 K (4mEg/L), Ca (3 mEg/L), lactate (28 mEq/L)
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o &P R EHI AL T
4 : 50-150mEq, 47 : 29-60 mEq (T # & & %)
o % p100-150g BEHE M miE v TR, Wamiga 2
e 1000~2000 ml 0.45% NaCl in 5% D/W + 20 mEq KCI/L
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i & 4 (Hyponatremia)
o TURS D SIEMA kA G

-2 % = #%,iF 7 mannitol, & * glycerol
Posm > 290 mOsm/Kg H,O

0S

® B4 X n 47 (Pseudohyponatremia)
>t B B0
280mOsm < P, < 285mOsm

o RAFEMHEI LA -KPEFEFDE T Ma 4 P, <280
mOsm/Kg H,O



SIGNS AND SYMPTOMS OF HYPONATREMIA

Central Nervous System
Mild
Apathy
Headache
Lethargy
Moderate
Agitation
Ataxia
Confusion
Disorientation
Psychosis
Severe
Stupor
Coma
Pseudobulbar palsy
Tentorial herniation
Cheyne-Stokes respiration
Death

Gastrointestinal System
Anorexia
Nausea

Vomiting

Musculoskeletal System
Cramps

Diminished deep tendon reflexes

Seizure (may falsely T
PNa by 10-15 mEqg/L
due to ICF water exit)

20
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4 4 (Hyponatremia)
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o F Al H % ~ s g o iz #H (SIADH, Syndrome of
inappropriate antidiuretic hormone)
1. %36 1 14 0 A
2. RFHBAAF L RFERI KA F (> 200
MOsmM/Kg)
3. Uya + B(>20 mEq/L)
4. & ¥ RR ¥ ﬁ’;‘
., E ¥ 5% . T4 ”ﬁ&, E';R”ﬁlﬁi‘i
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Al Bcd 3 i § A o 1% #(SIADH)

Mﬁi%%ﬁ”ﬁ%-

Mo & e« A B Fa f /T\,/%I'%j >

% x & (edema): s %, MR IL, B ’W%

ADH =~ % ,%i’(ﬁ]&uﬁ-ﬂ%%ﬁﬁ‘f?,ﬂapfl d R yx e,
iE = 1 4 (dilutional hyponatremia)

TORRE A 4o e & % (UNa>20 mEqg/L)

#SIADH5 + & # § s £, RIUNa<10 mEg/L

23
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UNa < 10 mEq/L, &+, 15,
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Hyponatremia

ectrolyte free water (EFW) gain

DH action



Hyponatremia
¥

Plasma osmolality

v

High

A 4

Hyperglycemia

A

Normal

A

v

Low

A

Hyperproteinemia

Maximal volume

Nephrotic syndrome
Renal insufficiency

Exclude adrenal insufficiency

mannitol Hyperlipidemia of maximally
Bladder irrigation dilute urine
No Yes
J’ ; lyd
' Primary polydipsia
ECF volume Reset osmostat
v v v
Increased Normal Decreased
{ ! !
Heart failure SIADH Urine Na+
Hepatic cirrhosis Exclude hypothyroidism concentration

< 10 mmol/L

v

> 20 mmol/L

¥ !
Extrarenal Na* loss Na*-wastin%
Remote diuretic use ||, nephropathy

Remove vomiting

Hypoaldosteronism
Diuretic
Vomiting




R FE IR R E PSR IE
E 4w 4 (Plasma tonicityl) s 2 ¥

Al

1

Assess volume status

l

Hypovolasmia Euvalagmia Hypervalasmia
TEW | {no oedema) TEW tt
TBMa* |} TBW 1 TEBMa* t
TBMa" +
| |
{ 3 I g 3
U[Ma]*=20| JU[Na] =20 U[Ma] =20 U[Ma]*=20| JU[Na]*=<20
Renal losses Extra renal losses Glucocaorticoid Acute or chronic||Nephrotic syndrome
Diuretic excess Vomiting deficiency renal failure Cirrhosis
Mineralocorticoid deficiency Diarrhoea Hy pat hyroidism Cardiac failure
salt-losing nephropathy Third spacing of fluids || Stress
Bicarbonaturia with renal Bumns Drugs
tubular acidosis and metabolic Pancreatitis SIADH
alkalosis Trauma
Ketonuria
Qsmatic diuresis




R FETH BN & PE R IE
Hyponatremia: An Emphasis on its Treatment

Traditional Approach

Hyponatremia

Pseudo True Dilutional

ECFv] |ECFv+ |ECFVI

New approach: acute vs chronic
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Clues for Acute Hyponatremia

* Apparent neurological S/S

 Large EFW sources (> 3 L/day) and/or Na* loss
(>300s mmol/day)
 ADH action: Drugs (oxytoxin, MDMA, Thiazide,
Weight-reducing tea, PEG)
* Biochemistry: Low BUN, Cr, UA,
High FEgyn, FEya, FENax
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&4k 4 (<48 | p¥)
(A 4) 5 whok
Bk s Beh ket @ s ADH: 5
o:FH R B bk
‘R 7S
AR PR STd S
% 4= (cyclophosphamide, oxytocin)
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Treatment for Hyponatremia

Acute

® Aggressively to reduce brain cell swelling, to |30-

135 mEq/L
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Chronic

® Slowly to avoid osmotic demyelination syndrome (ODS)

- < 8-10 mEqg/L/day
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* TBW(OR en 2 88 K )= £ x 0.5~0.6

e 3240 € =(130-PNa) x TBW
PNat = & =[(# "% @& % ¢iNa+K)-PNa]/(TBW+1)

 PNa_t & &g & -
i 4 3% NaCl = -] p#3§ 4 3 mEQ I PNa 130 mEq/L £ J &
EEEY ¥ PEY -
Ko M kMK 5 4 30 AN do< A Sy
ﬁ&fﬁz’éf_&ﬁs_@ 3% NaCl #2-] pFp 3 4e<5 mEQ/L ek iy 4,
Bt e M g0 PR (B 4e< B mEQ/L/R)
(M B JIRBMTReAMe & FDAZLIFHPNat = g & )

33
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Plasma Na < 120 mmol/L

I Is duration known to be < 48 hr ?
Yes, this NO, this is
IS acute chronic
I Convulsions or coma ?
NO Yes
*Usually postoperative *Go slowly: *Rapid initial correction
‘Identify source of EFW Pna rise < 8 mmol/L/day Hypertonic NaCl
-Treat aggressively Remove cause for ADH « Rise PNa<5

Restrict water

Replace ECF Na deficit mmol/L in 2-3 hr
Think ICF K « Symptoms abate

-Danger signs *Total: 8 mmol/L/day

+ Severe hypokalemia,
hypoxia, malnutrition

*Hypertonic NaCl until
Pna UP to 130 mmol/L
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Rapid correction




Osmotic Demyelination Syndrome

® Setting: one to several days after correction of chronic
hyponatremia

® S/S: fluctuating levels of consciousness, convulsion,
behavioral changes, pesudobulbar palsy,
guadriparesis, swallowing dysfunction, unable to
move, communicate or respirate

® Pathology: a selective loss of myelin in pontine and
extrapontine
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CPM
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® %l ~EHE 'f J\ffﬁfl FAOTiE 2 MR R A B AR AT
FEE A BT ARE AR R R R g 4
3 b17%NaHCO, & Fi -kiBok » Bl & 2 LA 3T K42 3 5
4% (Na gain) o

@ > T FAH 2 Fd AP R ?ﬁ};};uﬁ_wau\o K
>k (Water diuresis) » E.d Ml fj i i 5 42 e % & F )
¥ it AT E 3% (water loss) o



=T

SR S IR R FE FR 1S

B & 4
¢ RNa/ LAk B o b
fiagad kimaTaANa g gl
c VR, FIE R E B A hA Bk, UREFHERED ¥

Tkt AT gRe hap L BT EmARE
A SR TLRG IR LPF

1. £8Nad ~ L kW (oK)
2. L4iNa —» ~ LRk (WD)
3. LHNa T~ £k 27T (k)

39
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114

Iélsn% *E

Assess volume status

l

Hy povolaemia Euvolagmia Hypervolagmia
(no oedama) (no oedama) (no cedermna)
TBW 1l TBW | TBW %
TEMa® 4 TEMNa™ +s TEMNa* tt
|
F 3 ' Y
U[Na]"=20] |U[Na]™=20 I[Na] Variable U[Na] =20
I
} I { | :
Renal losses Extrarenal losses | | Renal losses Extrarenal losses | | Sodium gains
Osmotic or loop diuretic | | Excess sweating | |Diabetes insipidus | | Insensible losses | | Primary
FPost-obstruction Burns Hypodipsia Respiratory Hyperaldosteronism
Intrinsic renal diseasa Diarrhoea Dermal Cushing's syndrome
Fistulas Hypertonic dialysis
X5k A M3k K . 2E Ft Hypertonic sodium
K % 5k ﬁ’\ F? K bicarbonate

MaCl tablets

2R & B 3R

40



SIGNS AND SYMPTOMS OF
HYPERNATREMIA

Central Nervous System
Mild
Restlessness
Lethargy
Altered mental status
Irritability
Moderate
Disorientation
Confusion
Severe
Stupor
Coma
Seizures
Death

Respiratory System

Labored respiration

Gastrointestinal System
Intense thirst
Nausea

Vomiting

Musculoskeletal System
Muscle twitching
Spasticity

Hyperreflexia

41
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B 4 s R

ogﬁﬁga% F LR ﬁ%~?ﬁ§ﬁ%o
® 3R hme R ’%‘rﬁ/%@&:—ir’éﬁ  FIL A LA KB IF O RAE TR
i,:,ﬁOSlmEq/L/hr’ A SR T =N T A

® - 60~ ’T}?&% ’.H_/P'fp‘wd%ﬁ-‘* kB 165 mEqg/L > =& 7 "% 2 140 mEg/L » #7
T LK AT

AL gga kg =60x0.6=36L = 165 x 36=140 x X

Xats k2R -LE =165 x36/140=42.4L -
42.4—36=6.4L°F 5 A v 2 K& o

Hi i B R 51 mEqg/L/hr (8 mEqg/8hrs) » r25.] pF ;

e & Je % At 22 25] E&m;ai},@ i A ’ff'al‘-”i@r—ffwv’z ) mﬁ?‘rﬁiﬁ’* e °
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47 (Potassium)

I % = £:40 - 50mEqg/Kg

¥ R A B BT, 1.5% ECF

& p 4P~ 1-1.5mEqg/Kg

00% Tzt |, 10% & if, F g
& p e 6mEQ

P me )b A 2 Tl
Fadg B, B F 5, w3 AR
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Tests used to monitor the K* excretion process

Expected Value

Test HypoK HyperkK

Most useful tests

e 24-hour K* excretion <15 >200

« K* per creatinine (mmol/mmol) <2 >20

e TTKG <3 > 10

Less useful tests

‘Random urine [K*] None None
Fractional excretion of K* Need nomogram

Lin SH, et al. QJM 2003; 96: 935-947.
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4 » 47 (Hypokalemia)

e [K*] < 3.5 mEg/L

o & '3 MImEQ/L = ¥4 300mEq

e [K*] <2 mEg/L = $4 700mEq

o Thk kil ¥ <2.5mEq/L PF 4 A Sopk, 5
O, SR B R, FOERE  fRER

o [K]<2.0mEq/L %]~
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® Decreased intake: 47 3+ B2 Ao

® Redistribution : = ;72 * hormone ~ pHE fr% i% B G %
e LA NI ' Rl g o A

® Increased loss: % if & T ARE4T 43 £ w4 A



%o 42 F] 89
e F|im¥z # #% 51 4= (transcellular shift)

Beta-agonist, alkalemia, insulin excess, acute glucose load, delirium
tremens, hypokalemic periodic paralysis, anabolic state

® Mn 4L I ¥ Eidk R
Osmotic diuresis, chronic diarrhea, acute leukemia, aminoglycoside,

high dose PCN, magnesium deficiency, prolonged inadequate
potassium intake

® Mn 47L& B NBHMHELY F
Diarrhea, renal tubular acidosis, amphotericin B, DKA, laxative
abuse, intestinal or biliary fistula, ureteroenterostomy, toluene

® My 474 B NBh& P &

Vomiting, NG suction, primary hyperaldosteronism, glucocorticoid
excess, Liddle’'s syndrome, Bartter's syndrome, diuretic therapy






CLINICAL MANIFESTATIONS OF HYPOKALEMIA

Cardiovascular Renal/electrolyte
Abnormal electrocardiogram Functional alterations
Predisposition for digitalis toxicity Decreased glomerular filtration rate
Atrial ventricular arrhythmias Decreased renal blood flow
Hypertension Renal concentrating defect
Neuromuscular Increased renal ammonia production
Smooth muscle Chloride wasting
Constipation/ileus Metabolic alkalosis
Bladder dystunction Hypercalciuria
Skeletal muscle Phosphaturia
Weakness/cramps Structural alterations
Tetany Dilation and vacuolization of
Paralysis proximal tubules

Myalgias/rhabdomyolysis Medullary cyst tormation
Interstitial nephritis
Endocrine/metabolic
Decreased insulin secretion
Carbohydrate intolerance
Increased renin
Decreased aldosterone
Altered prostaglandin synthesis

(Growth retardation



TABLE 1. DRUG-INDUCED HYPOKALEMIA.

HypOKALEMIA DUE TO
TRANSCELLULAR
POTASSIUM SHIFT

B,-Adrenergic agonists
Epinephrine
Decongestants

Pseudoephedrine
Phenylpropanolamine
Bronchodilators @

Albuterol
Terbutaline
Pirbuterol
Isoetharine
Fenoterol
Ephedrine
[soproterenol
Metaproterenol

Tocolytic agents
Ritodrine
Nylidrin

Theophylline

Cafteine

Verapamil intoxication

Chloroquine intoxication

Insulin overdose

HypPOKALEMIA DUE TO
INCREASED RENAL
PoTassium Loss

Diuretics @
Acetazolamide
Thiazides
Chlorthalidone
Indapamide
Mertolazone
Quinethazone
Bumetanide
Ethacrynic acid
Furosemide
Torsemide
Mineralocorticoids
Fludrocornsone
Substances with mineralocorticoid
eftects
Licorice @
Carbenoxolone
Gossypol
High-dose glucocortcoids @
High-dose antibiotics @
Penicillin
Natcillin
Ampicillin
Carbenicillin
Drugs associated with magnesium
depletion
Aminoglycosides @
Cisplatin
Foscarnet
Amphotericin B

HypPOKALEMIA DUE TO
EXCESS POTASSIUM
Loss IN SToOL

Phenolphthalein
Sodium polystyrene
sultonate
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o LHEBHE Y LB ,&iﬁﬁ'é’uﬁ; 47 4 %> 3.5mEq/L
o U PR
g 5 b4 (KCL) v 2 v pe il
% M 2 F)| Slow-K
Radi-K : 2.5mEq/tablet
15% KCL: 2.0mEq/cc

BlIEH % 5 R



>2.5mEq/L ¥ &« T B
i# & ; |0mEqg/hr, J& & : 20~30mEq/L
Hf%:;#ﬁ
<2.5mEq/L, v % Bl , £ RA Kyvp BB R
i# & : 40mEq/hr, Jk & : 60mEq/L,
Ed FEAER,FCTBEAR
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Urnnary K" Excretion

| < 15 mmaol/d I

Acid-Base Status

I Metabolic Acidosis I

» Lower Gastrointestinal
K™ Loss

I Metabolic Alkalosis

| = 15 mmaol/d \

Assess K Secretion

TTKG > 4

» Remote Diuretic Use
* Remole Vomiting
« K" Loss via Sweat

* Na'-wasting Nephropathy
» ODsmotic Diuresis
» [Muretic
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Acid-Base Status

Metabolic Acidosis Metabolic Alkalosis

* Diabetic Ketoacidosis | Hypertension?
* Proximal (type 2) RTA

= Distal (type 1) RTA
* Amphotericin B

Yes

= Mincralocorticond Excess | * Vomiting

* Liddle's Syndrome |+ Bartter's Syndrome

| = Exclude Diuretic Abuse
| * Hypomagnesemia
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Hypokalemia

K* excretion rate
Acid-hase state

e Ad = P

Normal Add-base

Abnormal Acid-base _

» HPP

» Barium
intoxication

» Chlomquines

» @ radrenargic
agnonist

» Theophyline

» Caffeine
toxicity

» Alkalosis

» Hypothermia

» Anabolic state

» Hyperadrener
gic state

» Profound
diarrhea

» Short
bowel
syndrome

» Laxatives

» Malabsorpt
ion

» Villous
adenoma

» Anorexa
nenfosa

» Chronic
alcoholism

» Remote
diuretics

» Excessive
ane ating

Low K* excretion rate

High K* excretion rate

NH4* excretion

Blood pressure

HPP: hypokalemic periodic paralysis
Lin SH. Curr Medicinal Chem 2006

(UAG, UDG)
High Low .
High Nomnal
» Toluene abuse RTA l
» Profound diarrthea I
» Ureteral diversion Renin 1 Renin | | | Renin | Ucr | UCr ¢t
Aldo 1| [Aldo t||Ado | f_l_l I_I_l
I I
» Malignant hypertension Primary Ma* | Na* t Nat | | | Na* t
» RVH Aldosteronism | | | |
/ g::z::s::;:;‘zm » Remote » Recent » Diarthea [ |» GS
’ vomiting vomiting || » Laxative [[» BS
» Remote » Gastric abuse |[[» Diuretics
diuretic drainage » Solute
Cortisoll Cortisol N Cortisolf » Cl-losing » Noi- diuresis
I I | diarrthea :‘bo.m” » Aminoglyco
side
» 11 8-hydroxylase » Aldosterone » Ectopic ACTH » Cisplatin
deficdentey analogue » Cushing's
» 17 @ -hydroxylase » AME syndrome
deficdentcy » Carbenoxolone » Exogenous UC&/UC

ingestion

» Licorice ingestion
» Liddle's syndrome

» DOC secreting
tumor

hydrocortisone

GS

BS
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24 hour Urine for K* Excretion Rate

® Time-consuming
® Inconvenient
® Inadequate urine collection

® Influenced by K * supplement and/or saline
administration

® Influenced by drugs

® |Less useful for K * shift disorders
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B n 47 (Hyperkalemia)

o i ¥ >6.5MEQ/LEFA € J1 I R

o ik B ERE A e LA
N
Bradycardia, asystole, complete AV block,
AF, VT, VF

e = 7 [ % it: T wave tenting, PR
prolongation, ST depression, 1°AV block,
QRS widening, Sine wave, ventricular
standstill

v E FlH: M4k, M 4F BT F , B o 4f
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® ¥ HHAdes B~ o T RF LEA - § R R BIOA

(aldosterone inhibitor: spironolactone) ~ B*-% NSAID ACEI/ARB2 #H

P o L AL
e B M ES X o

@ Tiirz FEr 0 SIEARTAGHED B (EZHF) WUH ~ FRL T RIS
EQ%WQiEQiﬁﬁﬁmt&r‘Wi°

® HiE i ~Fan BB EN LR, (BYRELT R EE AL B
w 47) o

@ irl HARKT S %\"ﬁ%’g’_", PR RFES BT AR

RIS e TR T 5 R -

\
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(a) 'z MNa"/KTATPase % 1+
(b) 1 pe ? 4
(c) 3 #& R
3.5 R R
(a) % % &
(b) Aldosterone A 4 ~ ;FHE e F 7 &
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HR EIR M EFSRTE
3 oo 4 R F) ()

® 4T f IH 4
m Rk burn injury, tumor lysis syndrome, trauma,
hemolysis, Gl bleeding, £ = ¢t f &+ jiF
R < AT S D
o B3 n 47 (Pseudohyperkalemia)
IS 1 70000) ﬁ;»‘iﬁﬁ ”5(> 106)
Aw EEEER, e FEPEFRYR T
/?J.\L jﬁﬁ"ﬂ"#}i*ﬂ‘ A
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2 5 49 chos o (1)

o [E .t B wd? HORBHR DT LPE
Calcium gluconate or chloride

o Himip <+ o wmPr th R T e R
NaHCO,, insulin(+ glucose), Beta-agonist

o FOMPM RS TR
g A, JIRR, LT

o @]’s‘ £ 2 > TmEQg/L, EKG % it
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& 1
e Calcium gluconate (10%, 10ml)
IV 2-5mins, 4c& F 7 A4 7 2% - ®E, @ % £ P F XFEw

JES

o
_f§&ﬁﬁﬂ$kﬂﬂL %ﬂi
T BT R A 4, NEFEY - ) B

e Sodium bicarbonate

ALY & HFug ook, |V1 4amp55 mins, 10-15mins 16 ¥ &€ % — =<
e g% 4 B304 48, 9FH 1-2/]

BiT* -Rixig 7, r%ﬂ’—ﬁﬁ‘

# 22|nsulin £ glucose & & & * | % 5 4F P 5E L AE Su 4T




B o 47 s A& (1)

Insulintglucose

RI 10U + 1 amp 50% D/W, IV 5 minutes

% 4 v 7 30-60 minutes, ¥ i 4-6- pF
B-agonist

Albuterol 0.5mg IV or nebulized form 10-20mg
5 313 < #£ K5 Resonium (Sodium polystyrone sulfonate)
1gm/ 0.5-1mEq K*, (Kalimate 1pk=5 gm)

BlE* IR w4, HIRE D

r R 15-30gm + 50-100mL 20% sorbitol g3-4h to 4-5=x /=
g gipeig |, 50-100gm+200mL 20% sorbitol or 20%

D/W retention 30-60minutes > ¥ 4-6-] pFi¢g * — =X

ARy

HD 2% & iz, $e7 3 n 475 0
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B 5 47 ch s B (V)

o BitrL
iR 2h ™ B
& & 435 "4 < 40-60mEq
1 F A Lasix

Kalimate
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® = A Y X7 1Kg4r > B P AZiE99% AP o B gt e
Z o5 %P e

I S ;[Mﬁ{% (PTH) » &4 % D2 #r4F % (calcitonin)
ZE TR E 0 R AT AT K 2 TR

® — 4 LA rip ﬂ,“ d oo AT (1 ,}E}i’f_;85105mg/dl)’
THEFRTHY 945% 5 p d Aas 0 55% 5 B & Rk i (90% ks

alouminz z 39 - ¥ “t 10%£2 bicarbonate » phosphate %

citrate 2,2 4F &£ 4) » T 5 A d 4T E 4 IR .



Calcium Flux between Body Compartments

Oral calcium intake Soft tissue and

~1000 mg/d intracellular
calcium
Intestine ﬁ@

400 mg > Extracellular | 500 mg
| fluid and <
200 mg plasma 500 mg

10,000 mg@ﬁ 9800 mg
idney

Urine

200 mg

Feces

800 mg
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3 i 4T e 5]

® R LR T RS N iR

® & JE (% ## & A _PTH-rP, 1,25(0H)2 vit D, OAF, Prostaglandins %)
® HUpABA FhT ;[»%H;jué W oRE

® p "é"”?ﬁyﬁa&rTB, Sarcoidosis, Leprosy, Histoplasmosis,
Coccidioidomycosis

Milk-alkali jz & ¥

a4 % Az D¢ F

¥ B R R B

& $» 4rThiazide, Lithium, Estrogens, Antiestrogens
> F % F % (TPN)

Familial hypocalciuric hypercalcemia



Classification of Causes of Hypercalcemial.
l. Parathyroid-related
A. Primary hyperparathyroidism
|. Solitary adenomas
2. Multiple endocrine neoplasia
B. Lithium therapy
C. Familial hypocalciuric hypercalcemia
Il. Malignancy-related

A. Solid tumor with metastases

B. Solid tumor with humoral mediation of hypercalcemia
C. Hematologic malignancies

I1l. Vitamin D-related
A. Vitamin D intoxication

B. 1 1,25(OH)2D; sarcoidosis and other granulomatous diseases
C. Idiopathic hypercalcemia of infanc

Y
IV. Associated with high bone turnover
A. Hyperthyroidism
B. Immobilization
C. Thiazides

D. Vitamin A intoxication
V. Associated with renal failure
A. Severe secondary hyperparathyroidism
B. Aluminum intoxication
C. Milk-alkali syndrome
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=p SHFEL S

R
Tkt BEAR

¢ ﬁw—’ @R AL IR, R, uAvIRe, B4 BV, P
I F K.

# q_w A R E D R B, R LTy
,9% o : lg 3%, /ﬁ L, Ti/%‘/);a n;#cz,’ ,i,;‘g,’\,v%ou,v%ui,
TR /'\»ff\~w }7\/}}31’]&]5;4%‘ M 3R /;/J’\ g’ix"}"\‘fﬂ;l
N ;gm_gj oo B, o ERE

IR PRI U SO B

PP Rk & S (Band keratopathy).

BT g, HESE,
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H s &R

s (Fr T e

* nausea, anorexia, vomltlng (" T EFFEEL)
Lk F TR P

 depression and fatigability

» weakness, paresthesia, cramps % peripheral
neuropathy

T B QT interval 352 @ B g o 40F iy
h B o

* % Z40%HPTH & IR F & & -

VIS

79
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2 oA IR

c FRHFREBEFF P AR > AHPTS ¥ ot 2 v F Jove 55 11303
4 o

c R AT FEL AFSIERT ER TR T AR B
%“ \Mé:faﬁ"g‘ \&,‘\B?L'\ ﬁ_BE‘_’%"_o

80
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Spectrum of Hypercalcemia

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

Hypercalcemic
Crisis

Moderate
hypercalcemia

Mild
hypercalcemia

Normocalcemia

I I I I |
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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Diagnosis

The history and physical examination should
focus on
® (1) the duration of hypercalcemia
® (2) a history of renal stones

® (3) clinical evidence of any of the unusual causes of
hypercalcemia

® (4) symptoms and signs of malignancy (which almost
always precede malignant hypercalcemia).

® If hypercalcemia has been present for more than 6
months without obvious cause, primary
hyperparathyroidism is almost certainly the cause.



Incressed Decreased
TP || 1BCHMB
Incressed Decreased
Endogenous MitarinD
[E)@m’ms\ﬁtarrinliﬂ [ G Inake J
Bxsssive Norrdl
@éﬁﬁ‘ﬁ%&@ [ Mligrerty )
Yes No
B}I\gﬁg\ﬂ%s Imohilization




[==]

=T

gt

' Hypercalcemia

Urine Ca** excretion (FE.,)

High

Low

Resorptive

Hypercalcemia

IPTH

High

Low

| Reabsorptive Hypercalcemia

*» Thiazides

* 1° Hyperparathyroidism
= 3° Hyperparathyroidism

'+ Bone metastasis

* HHM

'+ PTH-P

« Adrenal insufficiency
* Immobilization

Hypercalcemia
’ Vit D

Absorptive » Familial hypocalciuric hypercalcemia
* Acquired hypocalciuric hypercalcemia

Low High

‘ Milk-alkali syndrome ‘ + Exogenous Vit D overdose

+» Endogenous Vit D production
B
Sarcoidosis
Granulomatous disorders
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v /¥

@ S BLdE- BKARLHEFHURREILTEZA SR A GRE
JedB R - AR JE - fE e 4T 0N 12 mgldl G iER F & AT 0 12-
14 mg/dli ® & > 14mg/dlr b L BE R o 4T

® oz BikGow:
|l A Zein L -Rip
2. TRE FOREAT 2 P
3. it ez
4. SR LA



TABLE 332-4 Therapies for Severe Hypercalcemia

Treatment

Hydration with saline

Forced diuresis;
saline plus loop
diuretic

Bisphosphonates
1st generation:
etidronate

2d generation:
pamidronate

3d generation:
zolendronate

Calcitonin

Onset of Action

Hours

Hours

1-2 days

1-2 days

1-2 days

Hours

Duration of
Action

During infusion

During treatment

5-7 days in doses
used

10-14 days to
weeks

>3 weeks

1-2 days

Advantages

Rehydration

invariably needed
Rapid action

First available
bisphosphonate;
intermediate onset of
action

High potency;
intermediate onset of
action

High potency; rapid
infusion; prolonged
duration of action

Rapid onset of action;
useful as adjunct in
severe hypercalcemia

Disadvantages

Volume overload,
cardiac decompensation,
intensive monitoring,
electrolyte disturbance,
inconvenience

Less effective than other
bisphosphonates

Fever in 20%
hypophosphatemia,
hypocalcemia,
hypomagnesemia

Minor; fever, rarely
hypocalcemia or
hypophosphatemia

Rapid tachyphylaxis



Treatment

Phosphate
Oral

Intravenous

Glucocorticoids

Dialysis

SPECIAL USE THERAPIES

Duration of
Onset of Action Action
24 h During use

Hours During use and
24-48 h afterward

Days Days, weeks

Hours During use and

24-48 h afterward

Advantages

Chronic management
(with
hypophosphatemia);
low toxicity if P < 4
mg/dL

Rapid action, highly
potent but rarely used
except with severe
hypercalcemia and
cardiac and renal
decompensation
present

Oral therapy,
antitumor agent

Useful in renal failure;
onset of effect in
hours; can
immediately reverse
life-threatening
hypercalcemia

Disadvantages

Limited use except as
adjuvant or chronic
therapy

Ectopic calcification;
renal damage, fatal
hypocalcemia

Active only in certain
malignancies;
glucocorticoid side
effects

Complex procedure,
reserved for extreme or
special circumstances
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4 5 4T e R 7]
I S S AR PR
Bhypoparathyroidism

o 4%

VitD3 7% &_

Ll

Bl R

B n T

L ,]ét_);i\,ﬂgjﬁ? NS

£ ¥ 12 ¥ (hungry bone syndrome )
% $» 5142 (calcitonin, colchicine, furosemide, mithramycin )
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sk 4T3 R

o L KAcE etk I FMRH A o

o THRBTREN > AKFTRE -

® @ﬂ;@; o (prolonged QT)

o F LR ¥ 72— T NI kIR
w—\ﬁiﬁlﬂm T_°

® v PJa o

= M#%5: QT interval4E 48
(EM§5: OT interval &£

*— EFMERIERKRI

=it ALY 14 5 sz
RERE (58 05
B B i A
Trousseau's sign*

Chvostek's sign¥*

Jirsh
RS
% RS
O QTRABEE &
{0 R
DR
DRTE
e
B RAMESE RER
HIIME R
B2 REE
KB
wETFEAB
LR
B A

*Chvostek's sign:LlFIEHMITHE A BRI Z @Hi#iE92 % « Bk

(5] {8 &0 26 AL B U 4@ -

*Trousseau's sign:LLMEBFT 2B (cuff)BEFE » TRE

BHXPWEE « #IF3E50 88 HB carpal spasm ©

HH 3R © 2016 UpToDate :Clinical manifestation of hypo-
calcemia
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% 4%

o M 4% € B M 4T 0 B FIT iy A 4 € R U PTHA & >
A FHPTHO R B o

o b ¥ FFIP o I ¢ TIEPTHA & » e 3 F4T3EF
B kg o 4% 14200.7mg/dIR)] € ab'rv«;}t'JPTHA\ s o



SR E N EPSRE

VitDy 7 & & refuld

25(0H)D; 1, 25(0H),D,
ZN v | |
I 35 I | |
B 7 RALILT - |
YR # 4 | |
Mol T % B — |
TR 1 ¥ b, — b, —
VitD, i 8 17 A&
Type 1 — J
Type 2 - t
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o Poif BHF RIS NS R F M AR > € A4 K
i 40 Mk ATePfR R ok &+ 1 Cax P=60)

o FRIUAGEIIALHEMT R B LG MA 4R B LB

o BT R BIAhHF b BRI hi 4TG5 iR
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Chronic Renal Failure

Phosphate Low Levels
Retention 1,25 (OH), D4

Resistance of
Bone to PTH

Hyperparathyroidism

Decregsed

Decreased
Ca Sensor 1,25 [OH)2 D3
Receptors
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Hungry bones syndrome

o A B E chniiw 4F ~ M Fad Mudf aFl R =xgiie”
#ﬁﬁﬁ%@ﬁﬂg#%HWQPﬁ%io
o jiFmi 3 B m 4T » Alk-P3 —‘]5 » PTHE$#:. 3 » £ &K < % B]fug’;
(adenoma ) #i = —*ﬂz = % & 24 hungry bone syndrome -
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T Moo

o Lo Bk 4T KA HRAL  Hu] Esepsis bl -
Sepsis-associated hypocalcemiasig Fl1 5 7 o v » & 35
PTH » VitDyefe il 2 &2 4 7 K& o

-
(LR
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o fi&g’;@‘i% ok R A
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B R H {&7» &_ o
1-33"_ & - VitD3# &> hungry bones syndrome

o Fuw p4x i l2mg/dl s B o Bl AR F] o R Mn 4T
T oA AT Mo 4E 5142 o
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Hypocalcemia

Low

InP
Low to normal High
‘ PTH
€] -~ I
Bone Hl?h |
Renal
Shift ‘ ‘
PTH Renal Decreased
resistance failure PTH
secretion
* PHP type la,
b, Ic

Ca*?-sensing
receptor
activating
(inherited or
acquired)
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Hypoecalcemia

InP _
Low to normal High
Vit D
| I |
Related Unrelated LOV.V Py

| | action

| |
Low High
| |
Gl Resistance Renal Bone
: — resistant
Vit D deficiency ricket

*25 a-hydroxylase def

*1 a-hydroxylase def
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£= ESOEHENDEPTHAE"

SEMMAE ZD3ER T SR PTHRZE
BERZARNETR _
ke BIFRRRE T2
BEhi 2 EHB(DiGerorgeiIE{& &, Velo-cardio-facial E{&EF
HEFEDKBEM AR B , Kearns-SayrefEf&® #¥,MELASIE{xE$)
#f & SRDFE I (¥ = RO KM A E% 11 BY) l 37 Y
I B B R A A
H&IB A B U (bisphosphonates, plicamycin) %Eﬁil
B 4 FEDM1LH (phenytoin, ketoconazole) 8 54
ERE R ERNERE
&l EFARBR [ 51 R RE &R
PTHAZ §8 2242
- {E 1055
= M EERR A $5 RS2 RE(CaSR) R+
ER AL B RRIE
&) B AR AR tD 5 18 AV 6 B TE 1= 8%

*PTH, parathyroid hormone
*CaSR, calcium sensor receptor

LB IER) B IR (R EIRE)
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ABG Interpretation

® First, does the patient have an acidosis or an alkalosis

® Second, what Is the primary problem — metabolic or
respiratory

® Third, Is there any compensation by the patient —
respiratory compensation Is immediate while renal
compensation takes time
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ABG Interpretation

® [t would be extremely unusual for either the respiratory
or renal system to overcompensate

® The pH determines the primary problem

® After determining the primary and compensatory
acid/base balance, evaluate the effectiveness of
oxygenation
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Normal Values

JAdlml

®pH 7.351t0 7.45 (7.40)
® paCoO, 36 to 44 mm Hg (40)
®HCO, 22 to 26 meq/L (24)
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Abnormal Values

® pH <7.35

® Acidosis (metabolic and/or
respiratory)

® pH >7.45

® Alkalosis (metabolic and/or
respiratory)

® paCO, > 44 mm Hg

® Respiratory acidosis (alveolar
hypoventilation)

® paCO, <36 mm Hg

® Respiratory alkalosis (alveolar
hyperventilation)

® HCO; <22 meq/L
® Metabolic acidosis
® HCO; > 26 meq/L

® Metabolic alkalosis
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Putting It Together - Respiratory

So

® paCO, > 44 with a pH < 7.35 represents a respiratory acidosis
® paCO, < 36 with a pH > 7.45 represents a respiratory alkalosis

® For a primary respiratory problem, pH and paCO, move in the
opposite direction

® For each deviation in paCO, of |0 mm Hg in either direction, 0. 08 pH
units change in the opposite direction
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Putting It Together - Metabolic

And

® HCO; < 22 with a pH < 7.35 represents a metabolic
acidosis

® HCO; > 26 with a pH > 7.45 represents a metabolic
alkalosis

® For a primary metabolic problem, pH and HCO; are in the
same direction, and paCO, is also in the same direction
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Compensation

® The body’s attempt to return the acid/base status to
normal (i.e. pH closer to 7.4)

Primary Problem  Compensation

respiratory acidosis metabolic alkalosis
respiratory alkalosis = metabolic acidosis
metabolic acidosis respiratory alkalosis

metabolic alkalosis respiratory acidosis
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Expected Compensation

Respiratory acidosis

® Acute — HCO, T1 mEq/liter per T10 mm Hg paCO, ;the pH
decreases 0.08 units for every 10 mm Hg increase in paCoO,

® Chronic —; HCO; T4 mEg/liter per 710 mm Hg paCO, ;the pH
decreases 0.03 units for every 10 mm Hg increase in paCoO,
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Expected Compensation



R S IR ENE PSR IE
Respiratory alkalosis

® Acute — HCO, 2 mEg/liter per 110 mm Hg paCO, the pH
iIncreases 0.08 units for every 10 mm Hg decrease in paCoO,;

® Chronic - HCO, {4 mEq/liter per +10 mm Hg paCO, ,the pH
Increases 0.2 units for every 10 mm Hg decrease in paCO,;
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Expected Compensation

Metabolic acidosis

®paCO, = |.5(HCO,) + 8 (+2)

® paCO, V1.25 per V| mEq/liter HCO,
Metabolic alkalosis

®paCO, =0.7(HCO,) + 20 (=1.5)

® paCO, T0.75 per T1 mEq/liter HCO,
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¥ R g

® TR pL ¥ (total acid excretion; TAE) & ’s%? A=ZpARES
1 mEq/kg =702 7R )%i 4 EE HN70mMEq; %"Fﬁjﬁ%%"%
Fripz o a PR E 2 Bfo TR SRR UF T
(titrated acids; TA).%x20~30 mEg/day > % 43+ (NH4+ )40 ~50
mEg/day = & -

~
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(negativity) ;
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® L7 % |4 fik (nonvolatile acid) & 2 #f 4«
® TERE LR 0 (NH4T )
@5 i & TR A dk(HCOs- )

JAdlml
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® ﬁﬁ% (PH)MZ 4 g q% /;—I\fi A% 2 B~ "’ fL EF\A\@(PCOZ)M Moo g
jfiﬁf}iﬁ;i R+ kr= T % mmoI/L » FIEHP - & (VR R
% %0.16 kPa (1.2 mmHg) -
® 2 R e %T1§%4*iﬁ¢@&@%o%ﬁ@ﬁ
[Ee? F VR A SR S RS P2 s R
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(High anion gap)

® LBy F ¥ L FIEAITF MR A 4 R 4e o 4o
Fupe ¥ & (lactic acidosis) ° ¥ Fj o tLfR fL ¢ & (diabetic
ketoacidosis) » i 1Ak iL ¥ & (alcoholic ketoacidosis) » 48 &k
ik (starvation) o

@ WAMT F{rEY > B F LI K fi(salicylates) > ¢ = fig
(ethylene glycol) 2 ¥ f% (methyl alcohol) o

@ THASFE~PMIELAFUREY 3 R F] -
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(Normal anion gap)
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® anion gap (AG)=[Na— (Cl+ HCO3)]_L. ¥ E8~12 mmol/L -

'd“?&fﬁ—ﬁiﬁiﬂ;ﬂﬁ&,_;_i‘%ﬁ TF A A Lﬁ?]‘é—?@ﬁ-ﬂ— 4 3

F e o FIARRH 4eig S PR Y A ;ri AT T R e B 2

PR el d S padre fpe BRA SRR AE > H A 4 L RSP A

oo B R R BPE > HISHS B A TR BEEE 0 3 R

L3S % FE o

ay TR pE A IR 4RV HCO i 4 PF > aniongap #_&+ # &7 4%
B B E o
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@ ' WL F ML B MY A (hyperchloremic acidosis) @ %
Flo ¥ I ERH A QIcE AT RET RO B E o

® o >t Jk ¥ £ 8T 5 (urine anion gap; i§ fEUAG) Na+K—Cl - #
UAG: & » RIEF ) #pY 3 JUAGE § > RIES S gind &
R E 14 > TORE R NH, ) 4 & F -



¢ |I11|

SRS EPSERTE
L2 %‘ e F

%»
Iy
b

®:7:4 ( TR A

0t ( TERY A

v (TE MM G 194+ § /7 ( HCO, —loading ) Bz -

® - § LA @,’%:LJ;BM FIRE RIS Y 2
SRRFLELFDRL o § R R EALETO

P
|
o
N S
m‘? as‘g



SR E N EPSRE

CCD / \(é

MCD

CO:
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® . ¥ HCO3k & + »*24 mmol/ | ® pH>7.45

® ‘w*z ¢t ;% (Extracellular fluia, ECF) : % pH ~ 3 HCO3k
B o kwrz % (Intracellular fluia, ICF) @ 3 2 35 kR %
4m 3+ é#w‘; °
@ Lhgr F VIR e vhgkr 5 o TE_ m i
3 4k 7 o:* 3j‘f’+§é§ﬁi““#’bf Mo 49 o



SR IR AT R RS
- LEd PR SR A |

Aﬁw%ﬂ%yaag@ﬂéw | R AN S s S AN ¢
= PCO,=HCO; : 0.6 (0.5~0.7) » ]+ :

®HCO; =40 A HCO; =40—24=16 - A PCO, =16x
0.6=9.6> PCO, =40+9.6=49.6 mmHg -




SREEAMIE MR
P T # 2 R 7

® 7z 4 F]5 A HCIE EFHCO,~

(Nyir2H+ 2 Cl—
(a)vomiting, mechanical drainage, bulimia °
(b)diarrhea state : villous adenoma, chloridorrhea -
(c)chloruretic diuretics : furosemide, thiazide °
(d)post—hypercapnea °
(e)dietary C | deprivation o

(2) & F#HCO;~ : r jRalkali, antacid
(a) =+ %zﬁié%ﬁ_ﬂ% % (milk —alkali syndrome) -
(b)# "% /2 2+NaHCO, o
(c)kayexalate + Nm —absorbable antiacid °
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® aiFF|F o oP AT
(NDGFR™ *% : HgHCO; £ &>
(2) HCO; ™ & B {T 3 4v
()7 »=%8/% 7 f# 7 & ECF volumejs > » 3l4=d 7 5k 4 % ll(Angiotension
)3 4 > Angio Il & (8% 237 RIW /) # # HCO; ™ & B fa 3 v o
(b)primary or secondary aldosterone3i 4¢ -
(c) ™ 2. 47 (vomiting) °
(d) < 2. # (cystic fibrosis, excessive sweating) °
(e)® = 4F (4rmilk—alkali syndrome) -
(f)s PCO2 (4COPD) -



RPder 3 F &5 M 49 o Mo 49X F &
mineralocorticoid it ‘\:osmole excretion ratey R o

QT‘?";}% TR A B BN 4 BT F (ECFvqumerg—‘F']z)
¥ B 47 N BE Y 3 (ECF volumet ’#*")
® 3 n BFEX ¥ udn ¢ F % (renin)iE o Aldosterone,}éli » &
cortisol k % 4 > @ I ¥ m BRAR KT F HFPERE K®AL o



(=) %5 B
1.% renin > % aldo :
(D)% % & iR (40J—G cell Tumor)
(2)F L g8 ok
R ELS & B
2.1 renin > 3 aldo :
BB Aldox (7P x 22 %) #4573  glucocoticoid—
remediable aldosteronism (GRA)EL: % o
3.™renin » “aldo :
(1) ¢t R ¢+ mineralocorticoid -
(2)Liddle syndrome (Na-+ channel activityi& % )

(3)Mineralocorticoidi® ? Jx i ¥ - 4-(11—hydroxysteroid
dehydrogenase deficiency, 11—(HSD deficiency), licoric
Ingestion, 11— (HSD inhihitor) -

4.3 cortisol -
(1)Cushing syndrome -
(2)Ectopic ACTH syndrome -



(=) & % & BRHE
LM ks #NE
(D)%t ~ F 5 g alin o
(2)iT dp i& * | A -
(e = § AL R -
(4)Cystic fibrosis
(5)Nonabsorbable of anion plus a reason for Na+ avidity o
(6)Villous adenoma and congenital chloridorrhea -
2.% Rk F HAE
(1)si3 i€ * 4| A (furosemide, thiazide) -
(2)4% 33+ Mg2t 4% 2 (low G—1 Mg2* absorption,
aminoglycoside) -
(3)Bartter's syndrome (furosemide mimicking lesion) -
(4)Gitelman's syndrome (thiazide mimicking lesion) -
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® Liftirr & T 7 A oM AUB R 2R i £4H
}}?’vﬂ @ iF g % NaCl ~ KCIgCHCI -
@ & ¥ BT Rk & & et \:}L;Jr»’rv«;};lji LR T e
E/THCIJ?} arginine chloride -
FHKCHE 2R 3 0 7 i Mg 4 £ B o ok fes 2
f]\t‘ SR Jou o iE R AT CLAEBE S VAL Pt Mo 49 (N BPaE Y &
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Normal acid-base balance

* Arterial PH between: 7.35-7.45, mean 7.40
« PCO, : 40 £ 5 mmHg

« HCO; : 24 = 2 mEQ/L

* Aniongap (12 £+ 2)

* Vein gas: pH:7.35, PCO2: 46, HCO3:24-26
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Classification of Acid-basic Disorder

PH PaCO2 HCO;
Resp. acidosis N “
Resp. alkalosis || "
Meta. acidosis | | §
Meta. alkalosis | “ N

140



Compensation for Acid/Base Disorders

Primary disorder
Metabolic acidosis

Metabolic alkalosis

Acute respiratory acidosis
Chronic respiratory acidosis
Acute respiratory alkalosis

Chronic respiratory alkalosis

Expected compensation

L PaCO2 = 1.2 x AHCO;

or P.CO2= (1.5 x HCO;) + 8 £2
(also, P,CO; = last two digits of pH)
T PaCO; = 0.7 x AHCO;
THCO;= 0.1 x AP.CO,

(also, | pH = 0.008 x AP,CO»)

T HCO; = 0.35 x AP,CO»

(also, | pH = 0.003 x AP,CO»)

l HC03 = U2 X AP.CO)

(also, T pH = 0.008 x AP,CO,)

L HCO; = 0.4 x AP,CO,

141



ALKALOSIS ==> [{jurine {Cl} %% 1!

1 —> metabolic <

ACIDOSIS ==> PaC0O2 = HCO3 + 15

==> >Kanion gap = Na-CI-HCO3 (normal =12)
==> normal AG ==> urine AG= Na+K-Cl|

+ ==>UOG={OSM}urine -{estimate=2Na+K+UN/2.8+GLU/18}
- ==> high NH4+ excretion

K: ketoacidosis ,DKA, AKA

A AG = AG-12 . i s
I: intoxication(Eth,Met ,Salic
. /\HCO3 = HCO3 - 24 L= inriinte y)
PEO2 ==> high AG R: renal failure
=1 ==> PURE high AG metaolic acidosis
NIl

A HCO3 \ <1 ==> normal AG + high AG
>1 ==> metabolic alkalosis + high AG MA

ii == respiratory — /\-PaCO2 _ @
10

acute : @* 0.08

A
B chronic = @* 0.03
ACIDOSIS ALKALOSIS
—> [EHCO3 acute = 1@ 2@

chronic= 4@ 4@

142
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Thanks for
Your Listening

E-mail: cutebrbr@gmail.com




6. TR 74 Bk BERELAH VERBHHORE - MR RRS 3 1 CARIIREEER A
EER AR A MEABSERE - 87 AR S 25 i**ﬂﬁﬁﬁH”Eﬁf%‘? H RS 36.5°C
A 80/ o=l lk220 2K /47 » [ILEE161/88 mmHg ;. EFEH i‘ﬁﬁfé 2 BUN. 419 mg/dL -

Creatinine “1943" mg / db “GFR= 48 mL /min/1.73m” ~ hsCRP : 04006 mg / dL -
SGPT(ALT) 15 1TU/ L SGOT(AST) * 28TU/Ls Na. - 112 mEq/L« Koin309 mEq/L -
TF[JFELEITi‘_’F 718
A) FHIILERE ﬁ}i‘,’f‘ﬁ‘»ﬁ“,Jﬁ-*.___,i&ﬁfﬁﬁﬂﬂ Fractional Excretiofi of Sedium (FENa)
: %51 3% NaCliF » 28 MMM 2 135~145 mEq/L

) R RHEE S MERLA HEEEY) S [EERIEn 2 X G AEF
(D) TWMTPF%?F$H KBRS ZR S eSS A iR e _LHRTIREA 2




{A) u'jljn'ﬂjz S@Fﬂﬂﬁ ’“JEIT”“”#WZ

(B) B g E it 2 A NI /KHAE

(C) &Ly ~ B EIEE

(D) A 3% NaCl 2858 (=i gh ] 1E & E




105 p #4

PS4 AL E (R » Fil (el Ay 120 mmol/L 5 HE=a/ife-aiK {72 175 BA
( urineZOsmolality-) A7~ 280 mOsm/LL H FREAISHREET 5% 835 mmol/L#" 7 i B K $l e r_
AV i o) BE R R R a] 7

(A) primary polydipsia

(B) nephrotic syndrome

(C) heart failure

(D) SIAPH {"Syndrome of inappropridte antidiuretic iormone secretion )
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64. [5l)7> SIADH (syndrome of inappropriate antidiuretic hormone secretion) » I AIL{a] 55 EHE 7
(A) EE S MR ENE (euvolemic hyponatremia )

(B) i FJR A B HURBRTHEE (R T (hypothyroidism)
(C) /IMEREAEEE 77182 (urine osmolality #51(K)
(D) JEPELE T AREFRAHE BE/KE T
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PREGHERG PR > EAVERACE © SR
¥Na : ‘**qu /L - TR R 6
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107 & 45230 3%

4B NSRRI 23 TR, B FYIROR T Ak ?
(A) FERES IR B VRS ROINRE LU E /G R 7 [H]

(B) FEEF{H A B EEAEAN & & B RIMENAE T &

(C) e = ﬁﬁﬁmﬁua’w
(D) NE[{EEFIIAHE A KR

EB=YIE
ENE

BB IR & 2 i R MR AL
TInEE 7 BXiE=
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3. TR B T AL F S SR 7

(A) H%BALE AL (B) # &M

(C) mEXBRIRES (D) AR F b T g JE A% BF
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—fr765% B MRS S M B R H e S N BB A E MAE IR 3h iz 5 BUN 202 mg/dL
Cr 13.5 mg/dL > 55128 mEq/L-.476.l.mEq/L > 457.6 mg/dL—~#;7-3-mg/dL > Hb 6.9 g/dL -
BREXEN IR DL AALREE - Bk RS > A G RBT 0 FERIEAES
TG ET G AR IR K RE » F 33k 7T AE X3S B AT 7

(A) #5584 F J= 853 % %% (central pontine myelindysis)
(B) iR &8558 KEF PR 2R

(C) & -F#77£1% 2 (disequilirium syndrome)

(D) %) 388 R HE
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27. DLUNEHE pH £ 7.55 ~ PaCO, 2 25 mmHg ~ HCO; | : 22 mEq/l» # Na [ 130 mEq/L -
K™ :3.5mEq/L %Cl : 98 mEq/’L ‘ EFTT}_'DJ'@EE'T*@J@I"— RN e
(A) 40 BRI A B2 1%+ —FEhErss - A Ik

(B) 28 % 2 B SA A ”JEE”]‘?%?EI
(C) 60 % FE MR IR A28 4 i MR ve
(D) 16 & 2 B4 TR » LRI S
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16. DL TNEdE pH 7.55 » PCO, 25mmHg » HCO;™ 22mEq/L * Na® 130 mEq/L * K" 3.5 mEq/L -
Cl 98 mEq/L » % “JHL” NEIRAL s AHY 2
(A) 40 i A\ EBetE+ 15R a5 - R A 1k

(B) 28 % 2.1 B S| g HJ“H:EEE
(Uﬁﬂ ok A PRI A 2% 4= [ ITR"["EFW'H{
% LA T FW‘ IR AE
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78. —1 72 REANASZE - ABG - pH 7.47 » PaCO, 48 mmHg * Pa0, 69 mmHg * HCO;™ 36 mEq/L °
BE O - bﬂO: 05.1% ° I &IJiIJ;;IHI_I't:IHIﬂ?Eg :

(A) WP P s o = DGR P UE (B) M0 4% o e R G M CE
(C) U M S O M CE (D) a3 S O (A E
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40. —{ir 25 pEFEM - NEEGRENEYIEL 2 T2 - WIRTRER > ERERBERAOT ¢
Glucose 420 mg/dL * Na" 132 mEg/L * K" 3.0 mEg/L * C1 102 mEq/L * pH 7.35 >
PaO, 88 mmHg * PaCO, 24 mmHg * HCO3 12 mEq/L * 53 urine ketone 3+ ° iz 0] GEAVZ2ET
= 4
e 7

(A) ALB&IMIE
fﬁ%%w% mm
*%%@¢£
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104 p AL

< B T/ 3 o i T R S APEE £ 528 il A\ B B 1 4
pH 7.2 > PaO, 100 mmHg » PaCO; 25 mmHg - HCO; 10 mEq L (I {’5?—5
Na“ 126 mEq/L * K" 5mEq/L > Cl 95mEq/L » % AFE T HI{afEAN 2

fﬂ&} (L ERE e PR M4 YE o anion gap 3% fJH

(B) i P ﬁﬁ::tf A [ A G {2 anion gap 45

rC) ISk P I e R m Calf 4L {E 3 anion gap TEA]

(D) WPk M g g GRS 4L (2 ) anlon gap+T

S

B

Ha /)

.-'*
T

r

3 f
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2. —fir 76 PRAMEFRIBIEZE - B2 BHERECABEBSX » Ht% T7IR— @RS e

27 2
(A RIEEETE  B)RIESTE (O (RS (D) RS
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26. —{iI 44 B MEBHLAHMIREIFSE DRSS HJJH “Tﬂ T AE - BIAR IR SRS o7 i
(ABG) BRI MR T E - ST FHUMRBRIL T H RRF & LAt 2
(A)pH 7.42 ~ P,CO, 48 mmHg * HCO; 28mEq/L

(B) pH 7.43 ~ P,CO, 42 mmHg * HCO, 30mEq/L
(C)pH 7.23 ~ P,CO, 60 mmHg * HCO; 28 mEq/L
(D)pH7.31 ~ P,CO,34 mmHg ~ HCO, 17mEq/L
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kLM NEE TR HIEATRZE WA EESY) - BRI
P O, 42mmHg ~ P,CO, 80mmHg » HCO; 28mEq/L ~ BE 0 mEq/L ~ SpO, 80% >

4] '['“I & e e Ak Y EEY) 2
(A) 5 (B) /K5l (C) ZeIfAtan (D) HHHE

D - B&h%
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106 & 4323

i P T[4 (anion gap, AG ) (U Mg

glycol

(B) #/LeHk
(D) Mg

PR ?
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106 & fE B %

58. Bk =5 - pH7.2 » HCOy 14.2mEq/L » PaCO230 mmHg ~ anion gap 20 mmol /L -

(A) BEHARAEBRE  (B) Kl (C) Bk (D) B %5




103 p ~ ¢k ,PI.

PG RIS 5 — Ry ~ Mgl AREGEKEZ - HA{DhmlsErss Na™ 132 mmol/L >
K" 5.1 mmol/L > Cl 104 mmol/L > BUN 24 mg/ dL »Cr 1.2 mg/dL > Glu 78 mg/dL >
Alb 3.5 gm/dL » @I E 77 pH 7.30 » PaCO; 30 mmHg * HCO; 16 mEq/L>

Pa0, 93 mmHg - fRE IR T FI{elE R 2
(A) TR 5% (B) ”?@E‘Hﬁﬁ*‘“ T
(C) G ERE T8 S ORI MR 8 (D) WK P 12 & BEACE MR g 25
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SR EIEEME S R 1T
107 % P2 3

TiRsERS AT R EL0 | *.pH : ~PaCO; % 30mmHg » Pa0, ~-65mmHg~» HCO3 * 24mEq/L

(A) P ﬁnﬂ e [ AU (B) GG PERE 53 DI e o o
(C) S MEPFI i o a5 i A UH (D) PR 8 O G g 5
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107 % PR 3

49. kPR Wﬁﬁ?ﬁﬁ*%{ diabetic ka.".t:;mcidt‘n*-;i*-; ) Jps AHEREE TR S g 2B pH{EA 22 > pHIE
L P

B0 > PR A {a] s
(A) L7F0.5 mhq /L (B) L7+ 1.0mEq/L A
) FEE0.5mEq/L (D) MiE1.0mEq/L PRE! !
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46. A0 E i 5 ic pl B/ INE MR TTUE (renal tubular acidosis)HY SRR 7
(A) EFSEHE ( Sjogren's syndrome )

(B) FZHIL3% ( dermatomyositis )
(C) 1 &7 iE ( scleroderma )
(D) JH = M EREN 3% (theumatoid arthritis )
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79. EENHE ACE DU EET-RH04 (anion gap )ARHEE(CHEMERS th Ay R
e - PR B Y BE A

(A) serum sodium (B) serum chloride
(C) serum bicarbonate (D) serum.potassium
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S SN PEFRTE
108 % 1 H A W

» IR AR 1193 3] &35 > E3ALH 0 cold sweating » £ /&80/50 mmHg » &

EK(J;EiEﬂnua tachycardia » $8#% 0k & 22 7k » arterial blood gas #4540 F :
PO 72 mmHg » P,CO,30 mmHg » BE -8.1 - R4 L5 » F 7R R4 A

(A) dopamine (B) sodium bicarbonate
(C) amiodarone (D) lactated ringer’s solution
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108 & fE i %

6. RUdniE i AT SEFES B AR B P 5 S AT 4G B AR B 7
(A) &R &% ketoacid (B) Bz & B&amino acid
(C) FL&%lactic acid (D) BUEF & creatinine

Iﬁ 2 ZLHE o @mME140/70 mmHg - Bk4$110
R4y o R 3 A EEKAR pH 7.52 P,O,90 mmHg -
S.0,97% - P:.(-O': E:rm"nl—]g , H(.(_‘)3 18 mF..q e ] o B -T‘*HETA, > o] B RE 7
(A) 4 ---Li—:ﬁi MBS P F A 0F o AR AY (B) F & 1 iy Par o AR BHRE
(C) KA F 38R AR (D) 527 f B P %‘Q‘fﬁ I”‘LJ%T XA
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54. F 3| — 2 O AR s bk A iR Behpas o 3L BE Y 35 (lactic acidosis)?

(A) metformin (B) repaglinide

(C) sultonylureas (D) thiazolidinediones




70. BAUFAR—AEARDL 0 B 5 3 A& % & T R M2 (high anion gap) &9 X, 31 88 fooE 7

(A) FLE ¥ e9HCO, (B) ILEEB % 698k foi
(C) B/ NEBE dmE (D) 12 MR ZE M R




Trousseau’s sign ° ﬁgnjﬁe ﬁ,ﬂ_{”i f[ﬁ ﬁ -G 9
(A) (i (B) {E Lt (C) & $5 (D), = ML 55




a
(A) (...ullt.,-n S mgn {__+) (B) Chvostek’s sign (+)
(C) Turner’s sign (+) (D) Psoas sign (+)




— {1 M B e o PREHHY s A > AU H =furésemide 40 mg"qd ¥ EEFEIHE A -
IZAR D J e B WAL A Hh i@ "“Frﬁ:c Faa2 KEE 0 H e =g A 25 8 calcium 71 mg/dL >

dlbumm 2.9 gde =L VER [&El 9 o g5 HE B DL N e] TE S

(A) Gk 0 FaEEES) (Af) IR 225V Er Oy =  Ei7MZ 48 ( multifocal VPCs )

(B) ST segment [ HRIEHEE 8 2 /N&IT 5 | 58 238 VRN O 5 HAY M 4E ( multifocal APCs )
(C) PR interval ZEEE 0.24 PO SRV E O E 7

(D) QT prolengatien 7 H.5 |88/ (a2 [ (EA T

= M5 QT interval#E4a
{KM$%: OT intervalEE D . A&
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L. —fir 65 R PR RAA b AR - BB BRI - 3 H S0 - SRR

o BRGES > AILAGEE ST 0 [ calcium J2ME Ay 13 mg/dL > [NAI{e] THER BT & 7
(A) PE7K 800 mL/day

(B) T LA 0.45%5% 0.9% Saline 250-500 mL/h £ 5+
(C) T LA thiazides S8R DAF 55T HEH
(D) WHAEIAHEF calcitonin DAFRF 8 4EFFE58ET-HY -1




46. —fir 53 et > FLARRTATHE ST Ca™ 1.1 mg/dL » P 3.5mg/dL ~ Alb3.9 g/dL ~

iPTH 96 pgf,.-"mL{ l{"l 65 pg/mL) * Bone scan [F7  figfz[{E Ca ll 3mg/dL ~ 1iPTH 92 pg/mL ~
T-J, f"l ﬂgd]_ ! |] 15;:&'“1‘_?: af Lil J,[l g ) uI J | u rl_"—lr'_'[_] 0

(A) LIRS (B) 514245 611 H R i e

(C) [F &5 B AR IR T HE - o

C: E/\)



o T A < MEE{ e « R e « 5
ER[ERE A ER i o PR B R FTAEA JR PR By feT 2
(A) ET$E B) 2 f14E (C) 1= 4 (D) 14

- — SRR R - R EIAE - AL AT - HHi A& 4E R Ca™ 7.0 mg/dL » Ei
le}qn{vvgﬂ *Tﬁ? ﬁ"ﬁf

sign {+} 3) Trousseau's sign (+) @ Murphy's sig
(C) 2D




106 * ~ p AL

3. —1ir 42 PR R UIRR % - 15 B RIRIRURE 54 (parensthesia) -+ if LT
BT (tetany) » TR AR $54: THIRENSN 2

(A) (KM FSEE (B) (&I $ME (C) = FE (D) =1k
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SRS E PSR E
106 % #4324 @

48. —fir 38 FEIKEHEFH T '""l",f A R - Fiir » B8 fEE
2£3 Chvostek’s sign - i T ©
(A) Chvostek’s sign E‘I]” |ﬁ+n+ J[[| i 9T

(B) a[F Efi#Ak 5 calcium glumnatu
(C) [F Ak + 87 calcitonin
(D) 0.9 9% N/S hydration
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SR IR E PSR TR
103 % ﬁﬂéﬁﬂ_ﬁ*

g4 68 k0 ‘._--_]._ B BTG (o T a) e el H#E S QT [HP4E . (short QT
interval ) > %] -1’ =)
(A) rrr”ql{ WM ZE ' =

= QT interval % &
% 47 = QT interval % &
O A B w0 B e g s YR T e
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RTINS
103 & L 123 3

19. |'='-”IJ (oA w E BRI ES (hypocalcemia ) ?
(A) T THP. .32 ( acute pancreatitis ) (B) | Tr’H]JﬁJ?'_-*'”*"ﬁJ “thiazide )

(C) BlIIH ARBR IRTJT ( hypoparathyroidism ) (D) 124 % %208 ( chronic renal failure )



SR E AN EPSRE

107 p ~ #hf

2. THIE A R SR MR AT RE RN — 2

(A) = IE5
(C) {# fH aminoglycosides &4




SR EIEEME S R 1T

{mex - IR

* Gl loss: bowel resection, pancreatitis, diarrhea

* Renal disease

« Starvation

* Drugs: diuretics, pentamidine, gentamicin, digoxin
* Alcohol

* Hypothermia

* Hypercalcemia

* Diabetic ketoacidosis

* Hyperthyroidism/hypothyroidism
* Phosphate deficiency

* Burns

* Sepsis




I

:

Rl 46 P BR 12

1lbumm 2. 5

107

SF{E 5w
gm/dL >

mo~ ?l-,fﬂ.

G A B A RE A

i"?:”—_f-"l:.:r1:|:|:—|—rlj1” | FEIE L[_L ?

S E

v Jil i A2 1E calcium




R SN EPS R TE
108 & fE i %

— T2 R LM E FAERS R FAE A E e AR EEFALATBRAT 55 £ 0 IR
BERS AT MAL AT R EERRER A THRASETOEAS  ab ST

EEAIImEQL o aZkaiE ¥ A THELSBEETEE » (TiK EREE 7
(A) 0.45% 4 52 B K ¥ thiazide ) fk & (B) 0.9% 4 121 B 7K $2 furosemide#1] 5 &
(C) ## 7L 4% BT (D). 0.9% 4 12 RERELAR § F
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64.

RETIE N SR
108 & A E B %

o] A o 55 &) AR B 1 BR R R LAY A 0 F P AT BB 7

(A) 1518 m45(pseudohypocalcemia) 7 & K & 1K & & & fE P 3k

(B) Trousseau’s signst 45 /& H AT SPArak B 2A @Ay & 07 » B IR A I EH B R
(C) Chvostek’s sign;& 451# A B 3+ 6 B AR e B B 54815 » B R FREEHIA %
(D) &R & mb58F > BRI E AT A miFahs 2

— AR PEE R B E o BB C ILARE AR > Eih bty E A IR4S 7.0 mg/dL » 4T
5 A2 F S 0 AL AL E R E 7

(D Chvostek's sign.@ Cullen's sign (3 Trousseau's,.sign—@-Mufphy's sign

(A) DD (B) @@ (C) @ (D) OB




80. HRHESAIAREIE Z R - T{0] & IEHE
(A) & TF@%"LEE’[[LW (B) FILlE%
E 2

{ET1 15

g ils:
(C) i 72 /N\EF 2 & E AR AR bk (D) "] REF RS B B85S 2R =RV




32. *»’[.fj“‘.l |<) B2 2o b 32 A (FEllGl - (F T g i aite » ZE SR [RF| S i

]

kT 2 B 2l SRS A LB REE ( rhab@emyolysi§=y~ % & = {W”Qﬁ 111 uﬂf“'fH

L

(= 2 TI0 mg/aAIl LU (0] Vi it 2 Al e

(A) PEZK 800.ml/day

(B) 17 DL EH-NaHCOS 122 amples (44-88 mEq)
(C) LA F 5 calcium gluconate 5-30 mL

(D) 7L mannitol DL Kz @ 1{E R AR
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28. b % AR 1% BF (tumor lysis syndrome, TLS) A A8 # 5 A8 f% 1EAC th 1R % fm Bt 9 %
SRR RS T IR KA HBETAE ?

(A) &k (B) & fnb¥ (C) & foih (D)% 4045




108 #F

61. A BlAx &AL AFJE (thabdomyolysis) Z £k » F Z 4 & 4 2% 7
(A) LA BIR SR 48 4% i é%iﬁﬁﬁkz%mﬁéﬁ&ﬁ

(B) &Ekﬁig%gi é’]{yjﬁ‘; y 4 E'kg*fiﬁif*ﬁ%
(C) ZEEIFRERKR » B2 FETREHOHRE KR
(D) 1%%F k=42 mL/hr/kged b




Rhabdomyolysis

=HBEERA:

- BIEWAE

Itk

C
I

/

- AERHIH/)ENE
fk MBS

2

N

-

- A ERREEH/NERGHEZE

Proximal tubule toxic

and ischemic injury
Distal tubule e
obstruction
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T4, g A A A SO AR (rhabdomyolysis)BF » F 9 i B fTH443% 9
{A} K F IR AL [B) B 45 T A B B LA 38 v FROR E &
) AR 44 » 3845 H statin & fibrate $8 % 4%

r;j C) #xibfkik
(D) 1k dndF A28 A SbE 69 £ B 5 A F 0 JE 3L BP 4l 747
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3. ] 5 A 2
(A) Rhabdomyolysis

(B) Angiotensin converting enzyme inhibitor (ACEI)
(C) Loop diuretics
(D) NSAIDs




fir 82 Bk FME - HEMNH AT » AEMEARS » (1] Losartan 1# qd » AEaifeig
36.8°C ~ 96 /47 ~ 158/90 mmHg ° Brain (T kﬁﬂf—ﬁ*ﬁiﬁ Mg aEa © glucose 70 mg/dL »

K™ 7.0 mEq/L > BUN 44.1 mg/dL > Cr 2.97 mg/dL ° EKG i/~ Peaked T wave > DL [ {a]JERER
e 7

¥ 50% luwae{ 20 ml/amp)y+=RITOU —(B) =LA Kalimate 2% Kayexalate

t( ) e R E/K 1000 mINGHio 4 (D) R FHEAAKCEL20 mEq




104 p AL

20. PR EMm S 2 S in B A - LR BRSEY BERR I A R [ 51 2
(A) Thiazide | Z 7 (B) ZAIAZ R i fH e 7

(C) F50ET-HE (D) H0/EFHEE 2R
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fir 72 B AMEEA R ER A AGARFFIPRA] furosemide (Lasix *)17(40mg) Bid » /[, EE [
SHTHEE - BHEU ~ ST Bl - 55 Ny iE—fhtaaE & fr & Bt ighl ?

(A) M#H{E 2.1mEq/L (B) M4E(E 11.3 mg/dL
(C) MFN{E 150mEq/L (D) [f1$#{E 2.8mEq/L
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30. A4S sERT - FAIMAT I R E AT LA SR A A Y ST 2

(A) IV infusion 20U regular insulin combined with 50g glucose

(B) IV infusion calcium gluconate
(C) oral sodium polystyrene sulfonate
(D) oral adenosine




R IR IR
m7%ﬁ%ﬁﬁ%

Tﬁﬁl‘[[l[% 1 1 ’ i\.u:.l ’L\”J’—WHHH':ET 'l :Eliiil

i f;-"][L[':-’f* 138/77 mmHL Ok 103 2/ 4y 0 Bieke
w?%TH HJHU l o ( ﬁlm 5497 )  EETTHE DTR #ER7 fE » {HEE | DTR = R
dI’l’JlnHkl sign(-)  EH IR R AERE SE s A - .-1|s=-LEy;5JHi]|1fFF’ 2 mmol L &7 Tt

b AR B EE S HE ?

(A) Hh B EHARIRIHEE » 10FE free T4 2 hsTSH
(B) BB RS 5

C) 45 'I o T Y A A R R

{._D:' IE[?I'I \h"f FHT—L r“'ﬂlém




¢ |I11|

=R

3EEM i FEER 1

107 % f3E 5

55. B4 82 % » BARKIARHRRIEE - FHEBEEH
mmHg » SELEREWA - LU 2Er = ur‘M‘ [ HE ?
(A) acute myocardial infarction
(B) hyperkalemia
(C) left ventricular hypertrophy
(D) hypercalcemia




¢ |I11|

=R

3EEM i FEER 1

107 & #E2 A %

. é ;tlllﬂ‘j,i{]hff 2 |\/‘/IHUJ Hi'f uul .)

A )T‘ & DK R TZ 5 o
(B) th T[] P NdHCO keglucose +insulin )&

(C) HEEH AFELS T calcium gluconate
(D) 415 EKG @Ay iRk R E 1 (PEA) » HIETHEERR A By ey

i BE
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6. ASMEIER 0 THTHRR BT AR KPR ANe78ET 7

(A) IV 1nfusion regular insulin/20 IU combined with glucose 50g

(B) IV infusion calcium gluconate
(C) oral sodium polystyrene sulfonate

(D) oral adenosine
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— 1853 4o M F AR £ 43 (digoxin) » E VAR AR R B PT 0 B RAEA A SE
Kb — BRI 3R] FTAE AT PR — 46 RIAED
INETY (B) i (©) 45 (DY % 47

o AR AR P RIAE > Bk O R F RIESAULET(KCD) » SER 4 T R AR
5t BFKCléY 5 AR FE 3% 288 ¢ B9
(A) 20 mmol/L (B) 30 mmol/L (C) 40 mmol/L (D)60 mmol/L
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48. StH FHE 5 047 o Tﬂ%iﬁ%$£$7
(A) K" >6.5mEq/L » 443 F B 4

(B) H?Hﬁui%f7ﬂ NaHCOx
CERE ZR  Aeme)TE ~ PR % -F - PRtk
(D) 50% Glucoseuinsuling# /+







