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Normal range: 135 mmol/L - 145 mmol/L

. Clinleal Manifestations .

Lo natremia Hypernatremia (st

-Ss=0- Headache )

( Lethargy -‘.
( Irritability j

Weakness )

-

( Confusion ) |

. Vomiting )

( Confusion Y.

( Seizures \) Severe ( Seizures )

P
( Coma ) = __  Coma )
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C

Hyponqtremla
Na <135 mmol/L

Serum osmolarity
[]

!
<280 mOsm/L
[ ]

( Hyponatremia )

Urine osmolarity

!
>280 mOsm/L
[ ]

( Pseudohyponatremia >

|
<100 mOsm/L

Normal Water Excretion Im
(ADH Independent)

. Psychogenlc
[ oolydipsio j C Volume status )

|
>100 mOsm/L

paired Water Excretion
(ADH Dependent)

/ seudohyponatrem\

* Hyperlipidemia
e Hyperproteinemia

Redistributive
e Mannitol

e Hyperglycemia /

(Hypovolemia) < Euvolemia > <Hypervolemia>
Urine 'sodium Urine s;'odium
<20 nrlwmollL >20 mlmo|/L <20 nrimoI/L >20 mmol/L
I
) B 4

Extrarenal ) ( Renal Y h Extrarenal Renal
* Vomiting e Diuretic e Heart failure e Renal
e Diarrhea e Adrenal e Liver failure failure
e Hemorrhage \_Insufficiency ) e Nephrotic L
e Burns & syndrome
* Pancreatitis N v

- Cystic fibrosis/ 4 ~

* Syndrome of
mappropnote ADH
secretion (SIADH)

e Severe hypothyroidism

- J
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Hypernatremia
Na >145 mmol/L

I
Urine osmolarity, Urinary sodium

Urine osmolarity>600 mOsm/L Urine osmolarity<600 mOsm/L
Urinary sodium<20 mmol/L Urinary sodlum>20 mmol/L

| “{ Renall Ioss)

Extrarenal loss
Volume status

\

e Insensible loss
e Gl loss

\ e Burns y.

( Hypovolemia ) C Euvolemia ) (Hypervolemia)
I I

Urine osmolarity<300 mOsm/L Renin and
AND aldosterone

Urine osmolarity<Serum osmolarity

|
@ . . e ) )
Osmotic diuresis ( Diabetes ]

insipidus
e Glucose P
e Urea
e Mannitol
e Total parenteral
nutrition
. J
e Low aldosterone e High aldosterone e High aldosterone
e Low renin * Low renin e High renin
I I |
( Pseudo- ) /Primary ) /Secondary )
hyperaldosteronism hyperaldosteronism hyperaldosteronism
e Cushing’s e Conn’s e Renal artery
\ syndrome P syndrome ) U stenosis

J
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MANAGEMENT

Hyponatremia

4 .
—>kCorrect the underlying cause j

(

e )
Acute severe hyponatremia: IV 3% sodium

— | ® serum sodium concentration <120 mmoI/L or chlo(r)ide

& with cerebral symptoms

. ) IV sodium chloride 0.9% +
_(Hyponatremlo with hypovolemia ) {potossium supplements

~

-
Mild to moderate hyponatremia with euvolemia . —
or hypervolemia Fluid restriction +

=5 , , diuretics

(serum sodium concentration from 120-135 mmol/L,

_no cerebral symptoms) )

*Avoid rapid correction of chronic hyponatremia

— Risk of osmotic demyelination syndrome

. J
7~ o
Hypernatremia
—>kCorrect the underlying Cousej ~ ‘ i'
~ O\ L/
y T
4 ST
L— Oral fluid replacement or IV 5% Iucosej p
. P s -
*Avoid rapid correction of chronic hypernatremia
— Risk of cerebral oedema
. J
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Normal range: 3.5 mmol/L - 5.0 mmol/L

@Uﬁmﬁ@@ﬁ Manifes @@@ﬁ@m.@

(@ kalemiao
Mild

3.0-34 mmoI/L< Asymptomatic >

Muscle weakness

Muscle cramps

Moderate
2.5 - 3.0 mmol/L

Palpiatations
Tetany

Severe

e Paralysis
<2.5 mmol/L Y

e Arrythmias

C

Prominent U waves

|

Prolongation of PR i
interval |L
I

J

Widespread ST i
depression with T~ T
wave flattening or |
inversion

.{"f\

Q ECG Changes

< Asymptomatic >

Hyperkalemia (e ¢

Mild
5.5 - 6.0 mmol/L

Muscle weakness
Nausea .
Paraesthesia
ECG changes

Moderate
6.1 - 7.0 mmol/L

Severe

Paralysis
i >7.0 mmol/L

Arrythmias

St e
Peaked T waves | ' 5‘
P wave widening or /r: q JJ
flattening B} ?
PR prolongation i /"' |
Wide QRS complex —--;j& [ k
Bradyarrhythmia | U
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APPROACH TO
- HYPOKALEMIA

Redu(c):feKlntoke ‘—(HYPOK ALEMI A) _’<Relc:]|f(’grlcbetfltslon

N

NP J ~\
e Intravenous fluids y’ﬁ f v( R e TR I Alkalosis
A

/—________\
\_________./

without K* N Urlnqry K Beta agonists

oDl e Ee— Insulin treatment
= Acute myocardial

% infarction

‘ ‘ e Hypokalemic
L periodic paralysis

7

ke

EEY

>20 mmol/day <20 mmol/day y
( Renal loss ) ( Extrarenal loss )
_____ | R T T R S ¢ - T e | T
Metabolic _,’_ P o Normal
acidosis IR _____A_C'_OL_IO_(J_SLG_EEJEEE __________ ,/ acid-base
]
. Metabolic Acid-base ~ Low,ntqke
[ Ei?do(l;;buwr alkalosis mbalance )
e 3 ’ _ Vomltlng‘\ -
( e Diarrhea

TR = O N e ; 72T Ay TR N e ; N,

{ aNormals,. ) s Highde. - B ot L gt 2
| cortisol. ) N COrtisolasy! e arenne. -] S L
N — B g i syt e A i
(. Licorice ] (. Cushing's syndromeJ (' gfnndnrcime ] * tRuerrT‘]'grsecret'ngj
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APPROACH TO
- HYPERRALEMIA

( Spurious }[ : #ilr“;emrtbﬂgcytosis ‘
Increased >‘_(HYPERKAI.EMIA)_’(RedIStnbunon
exogenous load out of cells

/—________\
\_________./

e Potassium chloride e Acidosis
* Massive blood S Rl Ly 4 A b e Rhabdomyolysis
transfusion 4 { Renal function ) 7 Iuet sl
Niia ) v R R e .2 e Burns
e Succinylcholine
e Digoxin poisoning
‘ e Beta blocker )
__________ eGFR: eGFR
(" Renal failure. M <15 MI/min/1.73m? >15 ml/min/1.73m
S /| Plasma creatinine: Plasma creatmlne
- Acute rora >500 pmol/L <500 pmol L e 0
failure
e Chronic renal e
failure l Tubulorsecretory fonlure )

(s T \\ PR it i \
| Low ) L Normal- h|gh
NS G / N L i P

e T ) (" T )

e Addison’s disease * Tubulointerstitial

e Congenital adrenal disease:
hyperplasia > Renal transplant

e Gordon syndrome e Drugs:

e Hyporeninemic > Spironolactone P
hypoaldosteronism & &2e
(Type 4 renal tubular
acidosis)

e Drugs:
> NSAIDs
> ACE inhibitors
> Cyclosporin
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MANAGEMENT

' Hypokalemia

-» Correct the underlying cause S
>
> Oral potassium supplements .

* When oral intake is not possible

e Severe hypokalemia (<3 mmol/L) with

oy associated muscle paralysis —> |V potassium

e Cardiac rhythm disturbance with ECG
evidence of hypokalemia

J

>
— Chronic hypokalemia )—) Potassium-sparing diuretics
|

*Avoid rapid infusion of potassium unless special circumstances

apply (eg emergency management of diabetic ketoacidosis)
— Risk of fatal hyperkalemia

MUM
IS

'Hyperkalemia

— Correct the underlying cause

-

— Metabolic acidosis ]—) IV sodium bicarbonate
U

-

— Immediate cardiac stabilizing effectj—) IV calcium gluconate
\_

o

— Correct volume depletion (if cmy) j—) IV 0.9 % sodium chloride
\

o

— Promote potassium cellular uptake J—) IV insulin and glucose
\

.
__| Remove potassium from bowel Sodium or calcium
lumen polystyrene sulfonate resin
\¥

p
— Extreme hyperkalemiaj—) Dialysis
\

9
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Normal range: 2.10 mmol/L - 2.60 mmoI/L

@Hﬁmﬁ@@ﬁ Manliifes @@@ﬁ@[m’@

e calcemia Hypercalcemiale ¢
— (SPASMODIC) \

Spasms (Carpopecgal spasm) |Bone +—— Bone pain
= Trousseau’s sign

Stones > @EIEIle|RSi{elplts
(Perlorol paraesthesia )

(Anxious, irritable, irrational ) Abdominal pain)
(Seizures )
Muscle tone increased in Groans Constipotion |
smooth muscle (calic, ﬁ&g
wheeze,Gysphagia) & w
Weight loss

<Or|entc|t|on impaired and >
confusion
(Dermotitis ) Depressmn
(Impetigo herpetiformis ) fﬁo‘gﬂg’t”c Lethargy
Chvostek’s sign, Weqkness
choreoathetosis, cataract,
cardiomyopathy
-—ECG Changes == /.

( Long QT interval ) l ( Short QT interval )

10
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\————————./

b s e —— ———

-, X N oG A 740 5 4 v
i Parathyroid \' / Serum magnesium Y/ 25-OH Vitamin D \l
e hormone level g i level / \ level i
/ N\ /

\———————————————— \——————— ———————

DEH - E® - Ew

4
K Gastrointestir&
/ -~ v loss
e Vitamin D\ / . . \ Low dietar
e Gastrointestinal * Y

deficiency 08s intake

e Chronic : e Low sunlight
: e Alcoholism
kidney

. . exposure
kdiseose / . 'E)Asjlglsjt”tlon k /
N

e Hypoparathyroidism \
> Surgical
> Autoimmune
> Storage disorder

e Dysregulation of parathyroid
hormone secretion

k > DiGeorge’s syndrome /

1



El 1
CORE finbaiance MUM

- APPROACH TO Ik
HYPERCALCEMIA

—————————————————————————————————————————_—

~ (HYPERCALCEMIA )
________________ I S8ENE 5 G

( PorotherId hormone (PTH) level )

_________________ ]_________________,/
( Low > (Normaror high)

/.——————— ———————.\

& Parathyroid hormone- \ N N R T 7 N

related peptide (PTHrP), { Phosphote )
\ calcitriol, calcidiol, /

\
/I \
'R vitamin D levels L

\————————./

—= ¢

e e e e e e ————— — —

High PTHrP Mall ( )
( g I a |gn0ncy> ¢
( High calcidiol )—( Vitamin D |ntOX|cc1t|on

e Tertiary
hyperporothyrmdlsm

High calcitriol e Granulomatous g Tl e T
( g | >_< . 24 hour

>,<

/
/ \
| urinary |
e G CTUIN e
. \ excretion /
All normal e Bone metdstasm) \____l____/
Low CNormoI or high>
e Familial e Primary
hypocalciuric hyperparathyroidism
hypercalcemia (adenoma)

e Lithium-induced
hyperparathyroidism

12
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MANAGEMENT

Hypocalcemia
—{Correct the underlying cause j

-
__| Acute severe IV calcium gluconate or
hypocalcemia calcium chloride
-

#
— Moderate hypocalcemia ]—{Orol calcium supplement = vitamin D j
.

Safety notes:
e Calcium should never be given by intramuscular or

Ssubcutaneous injection
e Ensure intravenous access is secure, extravasation of
intravenous calcium can cause severe tissue damage

. By W
ypercaicemia W

4
- Correct the underlying cause j

5
—\Initiol rehydration j—{lv sodium chloride O.9%j

>
In acute life-threatening IV bisphosphonate or IV, IM
\hypercolcemio or SQ calcitonin

P
Refractory hypercalcemia caused by . j
\maligncmcy, vitamin D toxicity or sarcoidosis Glucocorticoids

e
— Severe hypercalcemia complicated by kidney failure HDiolysis j
\

13
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8.Ninja Nerd
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