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2001 Surawicz Text Chapters
• Ch. 1: Normal ECG

• Ch. 3: Ventricular enlargement

• Ch. 4: LBBB

• Ch. 5: RBBB

• Ch. 7: Acute Ischemia

• Ch. 8: Myocardial Infarction

• Ch. 9: Non-Q Wave MI, UA, Myocardial ischemia

• Ch. 11: Pericarditis and Cardiac Surgery

• Ch. 21: Effect of Drugs on the electrocardiogram

• Ch. 22: Electrolytes, temperature, CNS disease

• Ch. 23: T wave abnormalities

• Ch. 24: QT interval, U wave abnormalities, and 
cardiac alternans



ECG Repolarization Topics

• Fundamental Considerations

• Early Repolarization, ?Normal variant?

• Primary and Secondary abnormalities

• Nonspecific ST-T changes

• Cardiac Memory

• T wave alternans

• Mechanism of ST elevation

• Post Extrasystolic T wave alterations 

• QT interval and arrhythmia



Fundamental 

Considerations: 

Ion Currents

Anderson ME et al. Am Heart J. 

2002;144:769.

*
*

*



Normal ST Segment

• Limb leads: less than 0.1 mV elevation or 
depression is normal, elevation is more 
common in II, III, and aVF

• Precordial leads: 
– elevation in >90% of normal subjects, 

• more in men and in younger, 

• more in V2-V3 up to 0.3 mV, 

• seldom >0.1 mV in left precordial, 

• seldom >0.2 mV in >40 y.o.

– Any depression in precordial leads is abnormal



ST Segment Deviation

• Baseline reference by convention is line 

connecting beginning of QRS on 2 

consecutive beats

• Sinus tachycardia (overlap with atrial 

repolarization)

• Delayed repolarization from slow 

depolarization (hypertrophy, BBB, pre-

excitation)

• Myocardial ischemia



T Wave

• Ventricular gradient:
– If depolarization and repolarization have identical 

progress through the heart, the area of the QRS plus 
the area of the T wave should be equal to zero (T 
wave would be opposite the QRS)

– Since QRS and T are generally in the same direction, 
the progress of repolarization must be different than 
that of depolarization

• Normal:
– T inversion in V1 in 50% women and <1% men

– T inversion in ≥2 right precordial – persistent juvenile 
pattern

– Limb leads T is generally ≤0.6 mV, and I and II, 
≥0.05 mV

– T in left precordial abnormal if <10% of R height



U Wave

• Time from end of T to apex of U (aU) is 90-
110 ms (HR 50-100); from end of T to end of 
U is 160-230 ms

• Normally ascent steeper than descent 
(opposite of T wave)

• Usually largest in V2-3 (3-24% of T height)

• Usually <0.2 mV

• DDX U vs notched T wave:
– Notched T usually has <0.15 sec between peaks, 

and T-U has more



Origin of U Wave
• U waves come from M cells – Antzelevitch 

1996
– Antzelevitch 2006 – “While delayed repolarization 

of the M cells contributes to the inscription of the 
second component of the T2 (pathophysiologic U 
wave), it is unlikely that it is responsible for the 
normal U wave.”

• U waves come from Purkinje cells

• U waves come from mechanoelectric 
feedback from myocardial stretch
– Dramatic separation of T and U in short QT 

syndrome is evidence

Antzelevitch C.  Ann N Y Acad Sci. 2006;1080:268.



Early Repolarization
• Benign (maybe 1-2% of the population)

• Minnesota Code definition (AJC 2002):
– ≥ 1 mm ST elevation in I, II, III, aVL, aVF, V5 or V6 , or ≥ 2 mm ST 

elevation in V1, V2, V3, or V4, needed in 2 subsequent leads, 
compared to the TP segment

• Diffuse ST elevation generally less than 2 mm (but can be 
up to 5 mm), concave up, especially precordial, especially 
V2-V4, notched or slurred terminal QRS, concordant large T 
waves, constancy over time (or waxing and waning)

• Increased vagal tone
– Lower resting HR

– Seen in spinal cord injury at C5-6 (disruption of cardiac sympathetic) 
and reversed by isoproterenol

– Decreases with deconditioning

– No ethnic differences (prior African American prevalence now 
disproved)

– Normalizes with exercise

• T usually tall, so ST/T in V6 is <0.25 (contrast with 
pericarditis)

Demir AD et al. Am J Cardiol. 2002;89:990.  Brady WJ et al. J Emerg Med. 1999;17:473



Early Repolarization

Brady WJ et al. J Emerg Med. 1999;17:473



Early 

Repolarization

Brady WJ et al. J Emerg Med. 1999;17:473



Early Repolarization Mechanisms

• Response to maneuvers is similar to Brugada: 

– Increase in ST elevation with sodium channel blockade 

and beta blockade, and 

– decrease in ST elevation with isoproterenol and 

exercise, and 

– no effect with nitroglycerin

• In Brugada, there is a prominent transient outward 

current, maybe also in Early Repolarization

Gussak I, Antzelevitch C. J Electrocardiol. 2000;33:299.



Early Repolarization Mechanisms

Gussak I, Antzelevitch C. J Electrocardiol. 2000;33:299.



Early 

Repolarization 

(ER) vs 

Brugada 

Pattern (Br)
• ER: mostly V2-

V4(5), notched J, 
positive T with 
upward concavity 
(also high cervical 
spinal cord injury)

• Br: prominent J 
elev, downsloping 
ST elev, negative T 
in V1-3

Gussak I, Antzelevitch C. 

J Electrocardiol. 

2000;33:299.



Secondary T wave 

Abnormalities

• T wave direction is opposite

– Main QRS: LVH or RVH or LBBB

– Delta wave: WPW

– Terminal delay: RBBB

• Secondary and primary T abnormality 

can coexist on the same recording



Primary T Wave Abnormalities

• Uniform change in action potential with normal 

sequence of depolarization or repolarization: 

temperature, electrolytes, drugs

• Altered sequence of repolarization, generally 

sparing the ST segment but will usually prolong the 

QT

– Ischemia or post-ischemia; pericarditis, myocardial 

disease, mitral prolapse, global T inversion, isolated adult 

midprecordial T inversion, autonomic nervous 

dysfunction, hyperventilation, orthostatic, postprandial, 

coronary contrast material, postextrasystolic 

abnormalities, post-tachycardic abnormalities, ventricular 

pacing, post LBBB and post preexcitation, rapidly 

reversible T wave abnormality



Reading Nonspecific ST and T wave Abnormalities

• Define whether ST segment or T wave or both

• Assess as slight, moderate or marked

• Determine whether likely secondary to hypertrophy or 
interventricular conduction disturbance

• Assume terminal T inversion is probably primary that often 
indicates ischemia

• Probability of ischemia is greater if
– Pattern of progression or regression on serial tracings

– Pattern of lead involvement suggest localization

– QT interval is prolonged

– U wave is inverted

• Secondary and primary abnormalities can co-exist

• Tachycardia alone can precipitate ST depression and T 
abnormalities

• Negative T wave may be normal in III, aVL and V1, and V2 
may be juvenile pattern

• Marked QT prolongation with ST depression and fusion of T 
and U may be drug or hypokalemia



NSST-T in Hypertension
• 1970 Italian hypertensive patients 

without heart disease (70% new 
diagnosis)
– 1355 normal repolarization

– 504 minor repolarization changes

– 111 typical LV strain pattern

Schillaci G et al. J Hypertens. 2004;22:407.



NSST-T in Hypertension

Schillaci G et al. J Hypertens. 2004;22:407.



NSST-T in Hypertension

Schillaci G et al. J Hypertens. 2004;22:407.



Cardiac Memory – Gap Junction - 1

• The heart is structurally a collection of individual cells, but 
electrically functions as a syncytium

• The syncytial function is due to the presence of gap junctions

• A gap junction is a narrowing of the intercellular space to about 20 
Angstroms

• Gap junction contains a large number of hexagonally arrayed 
particles

• Each particle protrudes about 14 Angstroms from the extracellular 
surface of the membrane, and has a pore size of about 38 
Angstroms

• Each particle is a hexamer of connexin protein molecules and is 
called a connexon

• Each connexon is a hemichannel

• 2 hemichannels, one from each cell, dock in the extracellular 
space forming a gap junction channel

Delmar M et al. “Ch. 8: Molecular Organization and Regulation of the Cardiac Gap Junction 

Channel Connexin43”, pp 66-76 in Zipes and Jalife Cardiac Electrophysiology; From Cell to 

Bedside, 4th Ed. Saunders, 2004.



Cardiac Memory – Gap Junction - 2

• Human genome contains 20 connexin isotypes, 
different tissues have different populations of these 
isotypes, and the differences are functionally very 
significant

• Connexin43 is most abundant in heart

Delmar M et al. “Ch. 8: Molecular Organization and Regulation of the Cardiac Gap Junction 

Channel Connexin43”, pp 66-76 in Zipes and Jalife Cardiac Electrophysiology; From Cell to 

Bedside, 4th Ed. Saunders, 2004.



Cardiac 

Memory –

Gap 

Junction 

Basics - 3

Gutstein DE et al. J 

Cell Sci. 2003;116:875

Gap Junctions w Cx43

Adherens Junction

Desmosome

Desmosome

Adherens Junctions

(No Gap Junctions)

Adherens Junctions w Cadherin

Gap Junction

No Gap Junctions, No Cx43



Cardiac Memory –

Gap Junction 

Basics - 4

Delmar M et al. “Ch. 8: Molecular Organization and Regulation of the Cardiac Gap Junction 

Channel Connexin43”, pp 66-76 in Zipes and Jalife Cardiac Electrophysiology; From Cell to 

Bedside, 4th Ed. Saunders, 2004.



Crystallography Cx43 Structure

Unger VM et al. Science 1999;283:1176



Cardiac Memory

• Definition: Altered T wave during sinus 
rhythm, induced by prior alteration in 
ventricular depolarization
– Ventricular pacing

– Intermittent BBB

– Ventricular tachycardia

– Pre-excitation

• Short term (seconds to minutes) and long 
term (days to weeks) memory both exist and 
probably are due to different mechanisms, 
similar to CNS short term and long term 
memory

Patberg KW. J Mol Cell Cardiol. 2004;36:195



Cardiac Memory - Mechanisms

• Decrease in epicardial Ito (endocardium has less of this 
current) gives taller and longer plateau and smaller notch 
(reduced Kv4.3 gene expression for the alpha subunit 
and reduced KChIP2 gene expression for an accessory 
subunit)

• Change in the current of the large calcium channel (ICa,L)
current: nifedipine blocks this channel and blocks short 
term memory, and also channel kinetics are changed

• Connexin 43 (Cx43) is the major ventricular gap junction 
protein and it is redistributed and also diminished by 
change in depolarization

• Angiotensin II blockade also decreases cardiac memory, 
probably through changes in the calcium channel

• Changes in protein transcription are also likely involved, 
but this hypothesis is still being tested and refined

Patberg KW. J Mol Cell Cardiol. 2004;36:195



Redistribution of Cx43

Patel PM et al. J Cardiovasc Electrophysiol. 2001;12:570.

Control, Cx43 is in intercalated 

discs at transverse cell abutments Paced 3wk

Paced 3wk, Cx43 in 

clusters along 

longitudinal borders



Redistribution 

of Cx43

Patel PM et al. J 

Cardiovasc 

Electrophysiol. 

2001;12:570.

Angiotensin II has 

a role in synthesis 

and regulation of 

connexins

Connexins bind to 

proteins 

intracellularly, 

possibly regulating 

function



Redistribution of Cx43

Patel PM et al. J Cardiovasc Electrophysiol. 2001;12:570.

p=0.18



Patberg KW. J Mol Cell Cardiol. 2004;36:195; Yu H et al. Circulation

1999;99:1898

Cardiac 

Memory



Patberg KW. J Mol Cell Cardiol. 2004;36:195

Cardiac 

Memory
Epicardia

l action 

potential

s



Surawicz: T Wave Alternans
• Frequently associated with abrupt rate changes or 

prolonged QT interval

• Longer QT interval, longer the shortest cycle length at 
which alternans can occur

• Long QT interval also frequently reflects the presence of 
a substrate predisposing to torsade de pointes

• T wave alternans dependent on critical shortening of 
diastolic interval - frequently manifests when duration of 
action potential approaches or exceeds the cycle length

• Clinical associations: congenital long-QT syndrome, 
hypocalcemia, quinidine, hypokalemia, hypokalemia with 
hypocalcemia and hypomagnesemia, cardiomyopathy 
associated with hypomagnesemia after defibrillation, or 
unexplained



46 yo hypertensive woman with right hemispheric stroke 

and mass effect.  Subsequent VF resuscitation.

Ananthasubramaniam K et al. Heart 2001;85:389.



36 yo woman with “seizures” since childhood, son with syncope and 

prolonged QT, during anxious and hyperventilation on event monitor.

Goldman DS et al. Circulation 2000;102:e46.

8 months later, during stressful situation, required multiple shocks



Cruz Filho FES et al. J Am Coll Cardiol 2000;36:167.



Cruz Filho FES et 

al. J Am Coll 

Cardiol

2000;36:167.



Armoundas AA et al. 

Circulation 2000;101:2550.

72 yo woman with multiple 

syncopal episodes with 

cardiac arrest in hospital 

waiting room.  Subsequent 

Holter recording.  ICD not 

available.  SCD 4 months 

later.

Panel B: 3 minutes later



Tan HL et al. Heart 1998;80:303.

64 yo woman with paroxysmal AF 

reverted to NSR with 100 mg flecainide.

Syncope one day after sotalol started.



Rovina T et al. International J Cardiol. 1998;65:311.

53 yo woman taking fluoxetine for 16 mo suffered syncope twice in 48 h.



T Wave Alternans
• NOT pulsus alternans or electrical alternans

• T wave alternans has been associated with increased 
mortality since 1948 (in 5 of 6059 patients)

• Clinical associations: myocardial ischemia, coronary 
spasm, electrolyte disturbances, congenital long QT 
(chronotropic or metabolic stress)

• Intracellular calcium cycling plays a key role

• Discordant T wave alternans: some parts of the ventricle 
have longer AP duration on the same beat in which other 
parts have shorter duration

• Microvolt T wave alternans, MTWA, (computer 
algorithms), induce by increasing HR (pacing, but 
exercise is prognostically important in coronary disease 
with depressed LVEF); every patient has a HR above 
which MTWA appears, and in normal subjects the HR is 
>110

Hohnloser SH. “T-Wave Alternans”, in Cardiac Electrophysiology 4th ed.



Causes of ST Elevation - Normal

Wang K et al. N Engl J 

Med. 2003;349:2128.



Causes 

of ST 

Elevation

Wang K et al. N Engl J Med. 2003;349:2128.



Causes of 

ST 

Elevation

Wang K et al. N Engl J Med. 2003;349:2128.

LVH  LBBB  Pcard  HyperK  ASMI  ASMI      Brugada

and RBBB



Causes of ST Elevation – Pulmonary 

Embolism 

Wang K et al. N Engl J Med. 2003;349:2128.



Mechanism of ST 

Elevation

• Classic theory
– Current of Injury 

could be systolic
(shorter AP 
duration of 
ischemic cell, 
lower slope of  
phase 0, or lower 
peak amplitude) 
or diastolic (lower 
resting potential 
of ischemic cell)



Mechanism of ST Elevation

• Information in canine wedge preparations

• Possibly very slow transmural progression of 
depolarization

• Possibly loss of epicardial dome and very 
short epicardial action potential

• T inversion may be delayed depolarization of 
epicardium

• Here is the data – Dr. Moody is not sure 
whether it is clinically relevant

Di Diego JM and Antzelevitch C. J Electrocardiol. 2003;36Suppl:1.



Di Diego JM and Antzelevitch C. J Electrocardiol. 2003;36Suppl:1.

Mechanism 

of ST 

Elevation



Di Diego JM and Antzelevitch C. J Electrocardiol. 2003;36Suppl:1.

Mechanism 

of ST 

Elevation



Postextrasystolic Changes

• Occasional primary T wave change in 

the first and sometimes also the second 

or third postextrasystolic beat

• Cause unknown

• Association with prolonged QT

• Apparently more frequent in patients 

with heart disease

• Reason for this association is not 

obvious



Postextrasystolic Changes

Surawicz B. et al. 5th ed. 2001; P.548.



Brugada 

Physiology

Yan GX et al. J Am Coll Cardiol. 2003;42:401.



Ito

• Transient outward current (also Ito1 – calcium independent, 
4-aminopyridine sensitive)
– Rapidly activating, rapidly inactivating, relatively slow recovery from 

inactivation (so less prominent in tachycardia)

– Outward potassium current

– Responsible for Phase 1 of AP

– Prominent in epicardial and M cells

– Gives AP a notched or spike and dome appearance

– Less in endocardial cells

– Transmural and interventricular variations in the density of transient 
outward current are thought to contribute to J wave of ECG 
(hypothermia-”Osborn”, hypercalcemia), to early repolarization and 
to Brugada syndrome

– An extremely prominent transient outward current can overwhelm 
the inward currents responsible for the plateau of the AP (chiefly 
ICa), eliminate the plateau, resulting in a very abbreviated action 
potential in epicardium, so a potential difference endo-epi, so ST 
elevation

• The difference between early repolarization and Brugada 
may be related to the fact that the dome is not lost in early 
repolarization, and also that the LV is more involved in early 
repolarization than in Brugada, which may be more RVOT

Gussak I, Antzelevitch C. J Electrocardiol. 2000;33:299.



Brugada Syndrome

Antzelevitch C. PACE. 2006;29:1130.



Brugada ECGs

Antzelevitch C. PACE. 2006;29:1130.



QT Interval and Heart Rate

• Very complex

• Determinations include reason for RR 

interval change and history of prior RR 

intervals



QT Interval vs RR interval
• Studies in acute canine preparations

Lux RL et al. J Electrocardiol. 2003;36Suppl:205



QT Interval vs RR interval
• Studies in acute canine preparations

Lux RL et al. J Electrocardiol. 2003;36Suppl:205



QT Interval vs RR interval
• Studies in acute canine preparations

Lux RL et al. J Electrocardiol. 2003;36Suppl:205



QT Interval vs RR interval
• Studies in acute canine preparations

Lux RL et al. J Electrocardiol. 2003;36Suppl:205



Effect of 

Nitroprusside 

on a Dog

Fossa AA et al. J Pharm Exp 

Ther. 2005;312:1-11.



Effect of 

Phenylephrine 

on a Dog

Fossa AA et al. J Pharm Exp Ther. 

2005;312:1-11.



Effect of 

E4031 on a 

Dog

Fossa AA et al. J Pharm Exp Ther. 

2005;312:1-11.



Fossa AA et al. J 

Pharm Exp Ther. 

2005;312:1-11.

Effect of 

Isoproterenol 

on a Man



Fossa AA et al. J 

Pharm Exp Ther. 

2005;312:1-11.

Effect of 

Epinephrine 

in a Man



Fossa AA et al. J Pharm 

Exp Ther. 2005;312:1-11.



Repolarization Abnormalities
• Primary T wave abnormality – Electrolyte imbalance 

or drug or temperature; ischemic or postischemic 
often have long QT and long aTeT interval; 
pericarditis; mitral valve prolapse syndrome; CNS 
disorders and CEA (nonhomogeneous sympathetic 
stimulation of the heart); pheochromocytoma, 
cocaine
– Giant precordial T inversion usually subarachnoid 

hemorrhage or apical cardiomyopathy or myocardial 
ischemia

– Cholecystitis, peritonitis, appendicitis, pancreatic necrosis, 
ileus

– Fear, anxiety, hyperventilation

• Secondary T wave abnormality – an abnormality 
expected under a condition of altered depolarization
sequence (RBBB, LBBB, LVH, WPW)

Surawicz 2001, Ch. 23



Drug and Metabolic 

Abnormalities and ECG Effects

• Antiarrhythmic Agents

– Class I (Mainly Na blocker; A, B, and C)

– Class II (Beta-adrenergic blocking agents)

– Class III (Mainly K blocker)

– Class IV (Ca blocker)

– Class V (specific bradycardia agents acting 

on the SA node)



Class I Antiarrhythmic Agents and ECG 

Effects
• Class IA – quinidine, procainamide, disopyramide

– block Na channel and K channel and Ca channel

– Prolong P wave, QRS, and JT intervals

– Prolongation of QRS more at rapid rates

– Proarrhythmia from reverse use-dependent effect on refractroriness -
Torsades

• Class IB – lidocaine, tocainide, mexiletine, phenytoin
– Block Na current more at rapid rates and in depolarized (ischemic) 

tissue

– No recognizable effect on ECG

– Seldom proarrhythmic

• Class IC – encainide, flecainide, propafenone, moricizine, 
tricyclic antidepressants (imipramine and amitriptyline)
– Block Na entry, strong use-dependent effect

– Prolong QRS and QT but not JT particularly at rapid rates and in 
premature complexes, so SVT can mimic VT

– Proarrhythmia – incessant VT from use-dependent conduction effects



Quinidine – Class IA

• T wave amplitude decreased or inverted

• ST depression

• Prominent U wave

• QTc prolongation

• Notching and widening of P wave 

• Increased QRS duration (toxic is prolonged 
above 25%)

• Procainamide similar to quinidine except it 
has no anticholinergic property, and less 
pronounced ECG changes

• Disopyramide similar to quinidine, less 
pronounced ECG effects

Mimics 

Hypokalemia

Phenothiazines have 

similar effects



Class II Antiarrhythmic Agents 

and ECG Effects

• Beta-adrenergic blocking agents

– Depress SA node automaticity - Slow sinus rate

– Prolong AV conduction time (AH interval) -

Prolong PR interval

– Produce SA and AV conduction block

– Depress escape and accelerated automatic 

rhythms

– May actually shorten QT (not mentioned in 

Surawicz)

• Seldom proarrhythmic



Class III Antiarrhythmic Agents 

and ECG Effects

• Prolong repolarization

– Mainly by blocking a potassium channel, but 
other mechanisms possible

– Potassium channel blocking drugs
• Sotalol, amiodarone, bretylium, dofetilide, ibutilide, 

sematilide, almokalant

• ECG: prolong QT and JT without prolonging QRS 
(except amiodarone prolongs QRS)

• Reverse use-dependence means more effect in 
bradycardia

• Proarrhythmia from reverse use-dependent effect 
on refractroriness - Torsades



Class IV Antiarrhythmic Agents 

and ECG Effects

• Calcium inward current blocker

• Depress SA and AV node automaticity, 

conduction, and refractoriness

• Verapamil and diltiazem decrease sinus 

rate and prolong AV conduction

• Seldom proarrhythmic



Class V Antiarrhythmic Agents 

and ECG Effects

• “Specific bradycardia” agents acting on 

the SA node



Digitalis effects

• Decrease SA automaticity

• Slow AV conduction but enhance junctional 
automaticity – prolongation of PR interval

• No effect on H-V interval

• Increase His-Purkinje automaticity with 
increasing Phase 4 slope

• ST depression and terminal T wave positivity, 
shortening QT interval, increase U wave 
amplitude



Arsenic

• QRS widening 0.10-0.16 sec

• ST depression

• QT prolongation

• T wave flattening

• VT and VF reported

• Complete AV block attributed to Arsenic 

trioxide to treat leukemia



Electrolyte Abnormality Effects 

on ECG

• Hyperkalemia

• Hypokalemia

• Hypercalcemia

• Hypocalcemia

• Hypothermia

• CNS disorders



Hyperkalemia

• T waves become tall and peaked (>5.5)

• QRS widens uniformly (>6.5)

• QRS axis may shift either left or right

• Advanced hyperkalemia is indistinguishable from 
dying heart

• Advanced hyperkalemia may give ST elevation

• P wave amplitude decreases, PR interval 
prolongs

• Sinoventricular conduction

• Concomitant hypercalcemia mitigates changes

• Concomitant hyponatremia worsens changes and 
hypernatremia mitigates



Hypokalemia

• Progressive ST segment depression > 0.5 mm

• Decrease in T wave amplitude

• Increase in U wave amplitude

– >1 mm

– >T wave height in same lead

• No change in QT interval if measured before U 
wave

• Advanced hypokalemia – T and U are fused

• Concomitant hypocalcemia: aggravates findings



Calcium

• Ionized calcium, so correct for albumin level

• Mainly change in ST segment duration, little 

change in T wave morphology

• Hypercalcemia shortens ST segment, so 

shortens the QaT (onset of QRS to apex of 

T)

• Hypocalcemia lengthens ST segment



Situations that Don’t Affect the 

ECG

• Hyponatremia, hypernatremia

• Hypomagnesemia, hypermagnesemia

• Hyperthermia

• Alkalosis, acidosis

• Alcohol, coffee, tobacco



CNS Disorders

• Diffuse T inversion

• Particularly giant T inversion in 
precordial leads

• Prolongation of QT interval

• Can also have ST segment elevation or 
depression

• LV wall motion abnormalities have been 
described



Hyperkalemia6:04



Hyperkalemia6:44



Hyperkalemia6:58



Hyperkalemia9:19



Hyperkalemia case 21996 Baseline



Hyperkalemia case 221 June 1998



Hyperkalemia case 223 June 1998



Hyperkalemia case 227 June 1998



Hyperkalemia case 224 July 1998



Hyperkalemia case 3Baseline 1997



Hyperkalemia case 31999



Hyperkalemia case 31999 plus 2 hours



Hyper-

kalemia 

with ST 

elevation

Surawicz, 

p. 520



Hyperkalemia case 4Initial



Hyperkalemia case 4Plus 18 minutes



Hyperkalemia case 4Plus 36 minutes



Hyperkalemia case 4

Plus 3 hours; died 6 hours later



Hypokalemia case 1

Limb leads – K = 2.8



Hypokalemia case 1

Chest leads



Hypokalemia case 2K unknown



Hypokalemia case 3

K unknown



Hypokalemia case 4

K 2.0



Hypo-

kalemia

Surawicz, 

p. 526



Hypo-

kalemia

Surawicz, 

p. 526



Hypokalemia

K = 2.4 Surawicz, 

p. 525



Hypercalcemia

29-year old woman with lymphoma and 

bone involvement with Calcium 17.4
Surawicz, 

p. 529



Hypercalcemia 

and 

Hypokalemia

41-year old man with 

multiple myeloma , later 

normalized

Surawicz, 

p. 530



Hypocalcemia

31-year old man with chronic renal failure

Calcium 5.8 and K 3.3
Surawicz, 

p. 528



Hypocalcemia

31-year old man with chronic renal failure

K now down to 2.8
Surawicz, 

p. 528



Digitalis Intoxication

Short QT; Increase in automaticity; decrease in AV 

conduction


