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….possibly linked to  ↓↑ K, Mg, Ca, pH
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Impulse 
generation
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conduction

Automaticity

Triggered
Activity

Re-entry

DAD

catecolamines        ↑K+

digoxin                hypoxia

stretch               ischemia 

↓ HR                 ↓Mg++

↑ QT                ↓ Ca++

Drugs               ↓ K+

catecolamines     ↑ K+

digoxin                ↑ Ca++

↑ HR                 ischemia

EAD

Ischemia ↑ K+

Tachyarrhytmias



SUBSTRATE
(“REDUCED REPOLARIZATION RESERVE”)

•  PO2  PCO2

•   pH 

•   K ,  Na,  Mg++, Ca++ 

•  BP

• DRUGS

Roden DM. NEJM 2004;350:1013-1022



pH Acid Normal Basic

K =

Ca++ =

Mg++ =

IS A NEAR-NORMAL pH 
IMPORTANT ?



ICF = 98%

ECF = 2%

Na-K
ATPase

2K+

3Na+

GI
kidney 90%

Colon 10%

input output

K+ DISTRIBUTION

50 mEq/Kg  →  3000-4000 mEq



Em = 61.5 × log 
[K]e

[K]i

The Nernst’s law



HYPERKALEMIA IN  ICU

K  overload

• renal failure

• adrenal insufficiency

• Drugs (ACE-I...K sparing

diuretics)

I  E  SHIFT 

• acidosis

•  Insulin

• hyperosmolarity

• massive  citolysis

• Digoxin intoxication



mV

msec

Iperkaliemia

↓ resting potential ↑ gK

↓ phase 0:
low QRS voltage

↓ conduction velocity:

large QRS

SA e AV blocks
small P wave

atrial paralisis

↓ phase 3 :
short QT

tall T wave

ST elevation



K+ 9.8



CaCl 2 10% 10 ml  iv



Rita, 75 y.
fatigue 

BP 100/60   HR 70

SpO2 97%     FiO2 21%

RR 22

Enalapril
Spironolattone



*



K+ = 8.2 mEq/L

K+ = 6.5 mEq/L



T

R

T

R R

T

−90

−70

mV

Ca++Hyper Knormal

Electrical effects of Calcium



SUBSTANCE TIME ONSET LASTING

Calcium chloride 1-2 min 15-20 min

Sodium bicarbonate 10-15 min 60-120 min

Insulin + glucose 20-30 min 2-4 hours

TIME  SCHEDULED  APPROACH  TO  HYPERKALEMIA

(Dialysis, β-agonists ?)



HYPOKALEMIA IN  ICU

E  I  SHIFT 

• alkalosis

• Insulin

• β-agonists

• teophyllin 

• tireotoxicosis

Low intake/wasting 

• alchoolism

• TPN

• NGS / vomiting

• Diarrhea / enemas

• Diuretics/Dialysis

• Hyperaldosteronism



Ipokaliemia

mV

msec

↑ resting potential ↓ gK

↑ phase 0:

high amplitude QRS

↑ conduction velocity:

nerrow QRS

phase 3 prolongation:

long QT

small T wave “dispersed repolarization”

U wave



680 msec

[K+]  1.5 mEq/L



840 ms

Amiodarone K+ 1.8



DRUG
channels
Na           Ca     K

fast  med  slow

receptors

α       β M2 P

pump

Na/K ATPase

Lidocain

Propafenon
Flecainide

Propranolol

Amiodaron
Sotalol

Verapamil

Atropine

Adenosine

Digoxin

(Ib)

(Ic)

(II)

(III)

(IV)

ESC. Circulation 1991;84:1831-185

The “Sicilian Gambit”





GUT
ECF
1%

Bone 60% 

Muscle 39%             

Kidney

Daily Mg  Intake

Stool 8 mmol

12 mmol

Enteric Juices
2 mmol

total  absorption
6 mmol

80 mmol
reabsorbed

84 mmol
filtered

Urine
4 mmol

MAGNESIUM 1.7–2.6 mg/dl 
0.7–1.1 mmol/L



HypoMg++-related  
cardiac effects

•  Triggered activity

• QT Dispersion

•  Digitalis Toxicity

• TdP, VF





HyperMg++-related  
cardiac effects

• SA  block

• AV  block

• Intraventricular delay



HypoCa++-related  
cardiac effects

*Long  JT

*QT Dispersion (if low Mg++)



Ca++ 6.1 mmol/L

• cristalloidi 1000 ml/H per 2-4  H       
+ furosemide

diuresi: 200 ml/h 

TE
R

A
P

IA

• steroidi, indometacina

• difosfonati 

• dialisi

• albumina



sodium



Brugada-like electrocardiography pattern induced 
by severe hyponatraemia

Serum sodium concentration of 101 mmol/lt

Serum sodium concentration of 119 mmol/lt



DRUG
channels
Na           Ca     K

fast  med  slow

receptors

α       β M2 P

pump

Na/K ATPase

Lidocain

Propafenon
Flecainide

Propranolol

Amiodaron
Sotalol

Verapamil

Atropine

Adenosine

Digoxin

(Ib)

(Ic)

(II)

(III)

(IV)

ESC. Circulation 1991;84:1831-185

The “Sicilian Gambit”



2040 msec



Ionic conductance and 

antiarrhytmic effects

1A

Quinidine

procainamide

disopyramide

bunaftine

1B

lidocaine

mexiletine

aprindine

1C

lorcaidine

flecainide

encainide

propafenone

4

verapamil

diltiazem

2

beta blockers
gNa+

gCa++

gK+

msec

mV

3

amiodarone

bretylium

sotalol



I Could prescribe a lot of drugs 
to you.
Which side effect do you prefer?


