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Th e ECG paper

1 s 25 m m  ≅ 1 s 1 s

5 m m  ≅ 0.2 s

1 m m  ≅ 0.04 s

10 m m  ≅ 1 m V

tim e [s]

vo
lta

ge
 [m

V
]

Th e th ick  vertical line s  are  1 s  apart.
O ne 1×1m m  sm all sq uare  ≅ 0.04 s  = 40 m s
O ne  5×5 m m  large s q uare  ≅ 0.2 s  = 200 m s

O ne  1×1 m m  sm all s q uare  ≅ 0.1 m V

Usual s etting: 25 m m /s

Usual s etting: 10 m m /1 m V

Ch art spe ed

Gain (standardization)

O th er ch art spe eds : 50 m m /s  (eg. in pediatric cardiology), som etim e s  100 m m /s
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Inte rval

PR

QRS

QT

De finition Biological m e aning Norm al value

0.12– 0.20 s

< 0.11 s

fre q uency dependent
QTc < 0.44 s

atrioventricular 
conduction tim e

th e  duration of 
ventricular depolarization

th e  duration of electric 
activation of th e  ventricles

“electric systole”

from  th e  beginning of th e  P w ave to 
th e  beginning of Q (if m is s ing, th e  R)

from  th e  beginning of th e  Q 
w ave (if m is s ing, th e  R) to th e  

end of S (if m is s ing, th e  R) w ave

from  th e  beginning of th e  Q w ave (if 
m is s ing, th e  R) to th e  end of T w ave

QTU

Im portant intervals

corrected QT:
QTc = QT /   RR

(RR in s)

PR ST TP

INTERVALS SEGMENTS
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Determ ination of h eart rate

1. DETERM INATIO N O F MEAN FREQUENCY Advantage : can be  us ed w h en th e  h eartbeat is  irregular
Disadvantage : precis e  only if a long tracing is  available

2. DETERM INATIO N O F CO NSTANT FREQUENCY Advantage : long tracing is  not nece s sary
Disadvantage : can be  us ed only if th e  h eartbeat is  regular

calculation e stim ation

f = 75/m in f = 100/m in atrial fre q . = 300/m in
ventricular fre q . = 75/m in
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aVF
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aVR aVL

aVF

0°

+ 30°

+ 60°
+ 9 0°

+ 120°

+ 150°

– 30°

– 60°
– 9 0°

+ 180°

+ 210°

+ 240°

Th e h exaaxial reference  system

⇒

An axis  can be  as s igned to every one  of 
th e  frontal leads  in a natural w ay

Draw ing th e s e  axe s  from  a s ingle starting point 
create s  th e  h exaaxial reference system

LeftRigh t

Foot
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II

III

aVR

aVL

aVF

I

aVF

0°

+ 9 0°
+ 120°

– 30°

– 9 0°

+ 180°

+ 110°I

– 9 0°

+ 9 0°

Th e m ean QRS axis  #1

extrem e  left deviation

left deviation

m iddle axis

righ t deviation

INTERPRETATIO NESTIMATIO N

extrem e  righ t deviation

extrem e  deviation = path ological deviation
righ t deviation = vertical pos ition
left deviation = h orizontal pos ition

Synonym s

1. Let's  s elect th e  e q uiph as ic one  from  th e  6 frontal leads :

2. Let's  s elect th e  real one from  th e  tw o pos s ibilitie s :

th is  tim e  it is  lead I

So th e  m ean axis  is  perpendicular 
to th e  axis  of lead I. Th ere  are  
tw o pos s ible directions : + 9 0° and 
– 9 0°.

Th e  axis  of lead aVF lie s  parallell to th e  pos s ible 
direction of th e  m ean axis . Since  QRS is  strongly 
pos itive h e re , th e  – 9 0° solution is  not good, so th e  
true  axis  is : + 9 0°.

(to be  us e d if th e  QRS is  narrow )
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aVR

aVL

aVF

I

II

IIIIII aVL

III

aVL

III

+ 210°

+ 30°

aVL
+ 240°

+ 60°

III
+ 40°

aVL

+ 50°

Th e m ean QRS axis  #2

ESTIMATIO N, IF TH ERE IS NO  EQUIPH ASIC LEAD

Let us  s elect th e  lead from  th e  6 frontal one s  w h ich  differs  
th e  least from  be ing e q uiph as ic. Th is  m ay be  am biguous .

Let us  ch oos e  th e  real 
solution from  th e  tw o:

1.

In th is  cas e , for exam ple w e  can ch oos e  tw o leads : III and aVL:

cas e  A cas e  B

cas e  A

cas e  B

Th e  tw o pos s ible solutions : 2.

+ 30º, becaus e  th e  QRS 
is  pos itive in lead I

+ 60º, becaus e  th e  QRS 
is  pos itive in lead II

We ne ed to m odify th e  solution by cca. 10° in 
th e  proper direction, s ince  th e  lead w e  originally 
s elected is  not really e q uiph as ic.

3.

th e  final estim ation is + 40º 
instead of + 30º, so th e  projection 
onto lead III becom e s  pos itive

th e  final estim ation is + 50º 
instead of + 60º, so th e  projection 
onto aVL becom e s  pos itive
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Tim e relations  of prem ature  contractions

RRn RR1

extrasystole

RR2

RRn : norm al tim e  period

RR2 : com pensatory paus e

RR1 : coupling tim e

th en th e  extrasystole is :If:

RR1 +  RR2  < 2RRn undercom pensated

RR1 +  RR2  = 2RRn

RR1 +  RR2  >  2RRn

com pensated
(totally com pensated)

overcom pensated

RR1 +  RR2  = RRn interpolated

S

AV
V

A

Ventricular prem ature  contractions  are  usually com pensated.

RRn RR1 RR2

PPn PP1 PP2
S

AV
V

A

Supraventricular prem ature  contractions  are  usually undercom pensated.
PP1 < PPn , PP2 ≈ PPn , RR1 +  RR2 = PP1 +  PP2

PPn

RRn
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Clas s ification of AV block s

Se ve rity

First degre e

Second degre e

H igh  grade

De finition Note

RR = PP, th e  h eart rate  doe s  not ch ange

fre q uently occurs  in cycles

it can be  differentiated from  a total block  
by identifying capture s  and fus ion beats

every P w ave gets  conducted, but 
slow ly (PR interval is  prolonged)

certain P w aves  get block ed, but th e  
subs e q uent one  alw ays  gets  conducted

none of th e  P w aves  gets  
conductedTh ird degre e  (total)

cons ecutive P w aves  get block ed, but 
conduction still occurs  som etim e s

M obitz I

M obitz II

2:1 block

Pace m ak e r
ne e de d

needs  to be  determ ined if it is  proxim al or distal

can be  survived only if an e scape  rh yth m  
starts; th e  atria and th e  ventricles  function 

independently in th is  cas e

only every oth er P w ave gets  conducted

no

ye s

ye s

ye s

no

no

ye s/no

it is  usually tem porary and proxim al 
so it h as  good prognos is

usually it gets  w ors e/is  distal 
so it h as  bad prognos is

PR intervals progre s s ively 
length en w ith in th e  cycles

PR intervals are  constant 
w ith in th e  cycles
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I

I

S

AV
V

A

PR [m s] 280 280 280

RR [m s] 800 800 800

First degre e , h igh  grade  and total AV block s

S

AV
V

A

PR [m s] 340 380

RR [m s] 1500 1480 15001240

FIRST DEGREE BLO CK

H IGH  GRADE BLO CK

TO TAL (TH IRD DEGREE) BLO CK

280

2120 2120

F C

F: fus ion beat
C: captured beat
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III

RR1

PP PP PP PP

PR1

RR2 RR3 RRblock

PP

PR2 PR3 PR4

RR1 = PP +  PR2 –  PR1
RR2 = PP +  PR3 –  PR2
RR3 = PP +  PR4 –  PR3

Req uirem ents : PP constant, PR1 < PR2 < PR3 < PR4

Second degre e  AV block , W enck ebach  (M obitz I) type

Th e AV conduction tim e  (PR interval) gets  progre s s ively longer, th en 
one  P w ave doe s  not get conducted. Th is  ph enom enon is  repeated in 
cycles . Th is  ECG strip s h ow s  one  cycle w ith  a 5:4 conduction ratio, 
and th e  first m em ber of th e  next cycle.

Th e RR intervals progre s s ively s h orten w ith in th e  cycles  in a 
typical cas e .

Th e  RR interval betw e en cycles  (containing th e  block ed P w ave) is  
longer th an th e  PP, but s h orter th en 2PP (or tw ice  any of th e  RRs  
w ith in th e  cycle).

RRblock  >  PP +  PR1 >  PP
RRblock  = 2PP +  PR1 –  PR4 < 2PP

Th e increm ent of cons ecutive PR 
intervals is  decreas ing in a typical cas e :
PR2–PR1 >  PR3–PR2 >  PR4–PR3

So: RR1 >  RR2 >  RR3 

1.

2.

3.

S

AV
V

A

PR [m s] 160 280 360 400 160

RR [m s] 840 800 760 1200

PR1
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I

Second degre e  AV block , M obitz II type

S

AV
V

A

PR [m s] 200 200 200 200

RR [m s] 800 800 1600

Th e AV conduction tim e  (PR interval) is  constant (it m ay be  norm al 
or prolonged), but one  of th e  P w aves  doe s  not get conducted. Th is  
m ay be  repeated in cycles . Th e  ECG strip s h ow s  a cycle w ith  a 4:3 
conduction ratio and th e  first m em ber of th e  next cycle.

Th e  RR intervals w ith in th e  cycles  are  constant (unles s  th e re  is  
s inus  arrh yth m ia).

Th e  RR interval betw e en cycles  (containing th e  block ed P w ave) 
is  tw ice  th e  length  of th e  PP and th e  oth er RR intervals.

1.

2.

3.

RR

PP PP PP

PR

RR RRblock

PP

PR PR PR

RRblock  = 2PP

RR = PP

Req uirem ents : constant PP and PR
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Description of th e  QRS com plex. Th e  intrins icoid deflection (ID)

QSrS rSr'RS q RsR RR'rsR'

slurred R w ave notch ed R w ave

Th e  QRS CO MPLEX

q R

Th e  INTRINSICO ID DEFLECTIO N (ID)

Th e  rSr', rsR' RR' etc. form s  are  also called an M  
com plex. (Pronounciation of rSr': r S r prim e .)

Th e  ID can be  defined only in th e  ch e st leads!
Th e  ID point is  th e  point w h e re  th e  QRS turns  dow nw ards  th e  last tim e  
(s h ow n w ith  arrow s).
Th e  ID tim e  is  th e  tim e  interval betw e en th e  beginning of th e  QRS and 
th e  ID point.

Th e  ID tim e  m easure s  th e  tim e  it tak e s  for th e  ventricular 
depolarization to reach  th e  area of th e  h eart under th e  particular 
ch e st lead electrode . Determ ination of th e  ID tim e  is  us eful to 
diagnos e  a bundle branch  block  or ventricular h ypertroph y.

righ t s ide  leads
(V1 , V2) ID < 40 m s

left s ide  leads
(V5 , V6) ID < 60 m s

Norm ally:
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Description of repolarization abnorm alitite s

Norm ally, th e  ST s egm ent is  isoelecric.

de scending

h orizontal

ascending

scooped

ST depre s s ion
(depre s s ed ST)

ST elevation
(elevated ST)

ST SEGMENT

ST elevation

“T en dom e” type  of ST 
elevation (s ignificant 
ST elevation m erged 
w ith  a tall T w ave)

T WAVE

Usually th e  T w ave is  pos itive and not sym m etrical.

T w ave abnorm alitie s

tall, peak ed

Com bined ST-T ch ange s

ventricular “strain”
(de scending ST 
depre s s ion, w h ich  is  
convex from  above, 
follow ed by a biph as ic 
or negative T w ave)flat

negative

coronary T (sym m etrical, 
de ep, peak ed, negative)

ST elevation, follow ed 
by a biph as ic T w ave 
(in acute stage  of 
infarcts)
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Localization and staging of infarction

Localization

anteros eptal

extens ive anterior
(anterolateral)

lateral

Le ads , in w h ich  s igns  of 
th e  infarct are  pre s e nt

V1 , V2 , V3 , V4

I, aVL, 
V1 , V2 , V3 , V4 , V5 , V6

I, aVL, V5 , V6

h igh  lateral I, aVL

inferior II, III, aVF

posterior
reciprocal s igns : (V1 ), V2 , V3

direct s igns : V7 , V8 , V9

h yperacute stage

acute stage

subacute stage

definitive stage
(old infarct)

“T en dom e” type  ST elevation (ST 
elevation, m erged w ith  a tall peak ed T w ave)

path ological Q w ave and/or R reduction, 
ST elevation, negative T w ave (th e  T 

w ave is  really biph as ic, but th e  pos itive 
ph as e  m erge s  w ith  th e  ST elevation)

path ological Q w ave and/or R reduction, 
coronary T w ave (sym m etric, de ep, 

peak ed, negative T w ave)

th e  path ological Q w ave usually rem ains  
life -long; th e  repolarization 

abnorm alitie s  m ay be  norm alized

ons et of pain

Th e  evolution of ECG abnorm alitie s  
follow ing infarction is  very variable. Th e  
typical cours e  of an ST-elevation infarct 
is  illustrated h e re .
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