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Entstehung des EKG

Spannung
( ]

1.) Ein Vektor zeigt von erregtem (-) auf unerregtes Gewebe (+).
2.) Das Oberflichen-EKG entsteht durch Summation aller (Einzel-)Vektoren.

3.) Der Summationsvektor wird zu jedem Zeitpunkt auf 12 definierte Ableitungen projizie



Erregungsleitungssystem

Sinusknoten D

linker
AV-Knoten postgnorer
Faszikel
His-Biindel
linker
Tawara-Schenkel anteriorer
Faszikel
Purkinje-Fasern
Aus: ML Physiologie-Skript 4

Vektorverlauf
wahrend einer Herzerregung
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Wie projiziert man einen Vektor
auf eine Ableitung?
V\a(,L\ & wl hsvea =< roLcuf

I + Ableitungs-
- _ richtung
= — (von — nach +)

Vektor-
richtung

Wie verlaufen die Ableitungen?

Extremitatenableitungen
Frontalebene @




Wie verlaufen die Ableitungen?

Brustwandableitungen

Transversalebene
wvnd, W o

- -

Parasternallinie
Medioklavikularlinie = = - -
Vordere Axillarlinie -

\¢]
A

VgR © ]
VR "y . 5

Parasternallinie
Medioklavikitarlinie
- ~— \Vordere Axiltarlinie
- Mittlere Axiltarlinie

-

VR RV, V2 vy Y

A

Die Ableitungsstellen der
unipolaren Brustwandableitungen nach Wi LSON

o

12-Kanal-EKG
F . _ =
Einthofen- PREseal
Ableitungen NP NSNS S g | e
(bipolar) A
Abl. | A e N ALV ‘—V\—-“V\- Brustwand-
' imncrma Ableitungen
3 I ﬂ nach Wilson
Abi aVR w AbL Y, g (unipolar)
Goldberger- = . . l l
. —h e~
Ableitungen AgLavt T A e T
(unipolar) =
ABl. aVF -'“A-""_‘“M— AQLV, "] L —J L "- )
. S
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Nomenklatur
. | N

P iPQ i QRS | ST T U
| Welle i Strecke | Komplex | Strecke Welle' :Weile|
PQ ! QT ;
Intervall Y Intenall
R-Zacke: positiv. Q- und S-Zacken:  negativ

Q-Zacke: vor R-Zacke
S-Zacke: nach R-Zacke )

EKG-Befundung

1. Lagetyp
2. Rhythmus und Frequenz

3. Erregungsausbreitung
a) P-Welle
b) PQ-Zeit
c) QRS-Breite
d) R/S-Umschlag, R und S in den Brustwandableitungen
e) Q-Zacken
4. Erregungsrickbildung
a) ST-Strecke
b) T-Welle
c) QT-Zeit



Lagetypen — Cabrera Kreis

- QRS-
Hauptvektor in der
Frontalebene

e ,k&‘@w( sti,a /

Lagetypenwechsel: z.B. bei Lungenembolie oder Asthma bronchiale-Anfall (z.B. von IT

zu ST). Drehung in Sagittalébene: R und S sind in allen Ableitungen gleich grof®
12

Lagetypbestimmung

QRS in Ableitungen 1, 1l und lil: Fléche positiv oder negativ?

2. Einordnung nach Tabelle

Abltg. 1 |zﬁibltg. I Abltg. III Lagetyp |
X i ) Uberdr.

Linkstyp
+ + | . Linkstyp
++ +++ + Indifferenztyp| aVL +
.: +++ ++ Steiltyp aVL -
! + + Rechtstyp
I . i .+ Uberdrehter

Rechtstyp
+/- +/- +/- Sagittaltyp |

13




Lagetypen

F2rEis

akBua

Gberdrehter
Rechtstyp

Rechtstyp

Pr1t bt




EKG-Befundung

1. Lagetyp
2. Rhythmus und Frequenz

3. Erregungsausbreitung
a) P-Welle
b) PQ-Zeit
c) QRS-Breite

d) R/S-Umschlag, R und S in den Brustwandableitungen

e) Q-Zacken
4. Erregungsrickbildung
a) ST-Strecke
b) T-Welle
c) QT-Zeit

16

2. Rhythmus ...

Sinusrhythmus (SR): Nach jeder P-Welle kommt ein QRS-Komplex.

e

.

~
j— PP-intervall —=}=— PP-Intervall —=}=— PP-Intervall —=|
P P P P
J

Charakterisierung des Sinusrhythmus:

Regulare P-Wellen, konstante PP-Intervalie, konstante Relation P-Welle: QRS-Komplex

Sinusarrhythmie: ... aber die P-Wellen sind nicht regelméagig.

. N
Respiratorische f | PPeinterv. PPntev. ~ PPdntevall PPntemvall
Arrhythmie: ' ' v : '
Frequenz P P P ~ K/L I .

T bei Inspiration ;
! bei Exspiration L. Inspiration -----~'---s2seaoereaes Exspiration ---------------- )
Weitere Grundrhythmen:

L9}

Ventrikulére Tachykardie (VT), Kammerflimmern (VF), Asystolie

Vorhofflimmern/ -flattern, Re-Entry-Tachykardien, SR mit Ersatzrhythmus bei Block,

17



... und Frequenz

Norm: 60 bis 100/min

Sinusbradykardie: < 60/min
Sinustachykardie: > 100/min

Methoden zur Frequenzbestimmung

1. EKG-Lineal

1. (R-Zacken auf 6 Sekunden + 1)*10

2. CAVE: Vorhof- und

Kammerfrequenz unterscheiden!

| ;

Yoy’ s S

0,02s 01s. i

=20ms =100 ms i

. = _.__ ‘j
10mmZ02s=200ms F

xr
»

Papiervorschub 50 mm/s '

!

Quelle: Medilearn Physiologie 6 y

EKG-Befundung

1. Lagetyp

2. Rhythmus und Frequenz
3. Erregungsausbreitung

a) P-Welle
b) PQ-Zeit
c) QRS-Breite

d) R/S-Umschlag, R und S in den Brustwandableitung

e) Q-Zacken
4. Erregungsrickbildung
a) ST-Strecke
b) T-Welle
c) QT-Zeit



3. Erregungsausbreitung — P-Welle

P-Welle - Normalbefund

P doppelgipflig in 1, Il
bzw. biphasisch in V1, V2

ecaa ,
f\'so,smv M, ©aeieermressraziseasmemnnanorarnee
i oas P .
normal {Abl. P sinistroatriale (Abl. § u. I} P siistroatriate (Abl. V, u. Vg
P biatriale

P>0,25mV+P>0,1s Genese: Druck- oder Volumen‘belastung beider
Vorhéfe

Positiv?  Negativ erlaubt: N\
-inV1
- bei neg. QRS in
Extremitéten AN
(,konkordant neg. P) -
<
Form? Normal:
- Dauer 0,05-0,1s
- gleichméaRige Wolbung J
- Amplitude bis 0,25 mV
20
».Welle — pathologische Befunde
@dextroatnalel pulmonale
P>0,25mVinll, il Genese )Druck— oder Volumenbelastung des
P Leghien YOIlow
il
normal (ﬁ"xbl.ll) : Pdexlrua‘lnale (At:zl. 1w, ) Pde@irbk {Abl. V, u. ¥y}
Pisinistroatriale/ mitéale
P>0,1s Genese: Druck- oder VqumenbeIastung des

21



EKG-Befundung

1. Lagetyp
2. Rhythmus und Frequenz

3. Errequngsausbreitung

a) P-Welle
b) PQ-Zeit
c) QRS-Breite
d) R/S-Umschlag, R und S in der Brustwand
e) Q-Zacken |
4. Erregungsriickbildung A
a) ST-Strecke
b) T-Welle
c) QT-Zeit
3. Erregungsausbreitung — PQ-Zeit
PQ-Zeit:
Beginn P-Welle bis Beginn Q-Zacke
Norm: 0,12-0,20 s
PQ-Zeit-Verkiirzung
Wolff-Parkinson-White (WPW)-Syndrom
Praexzitation durch akzessorisches Kent-Blindel (atrio-
ventrikuldre Leitungsbahn) &
- Delta-Welle (v.a. bei Bradykardie)
T LI Y PO O T O O O - 1 s o A O O I .
RN 0T 0 W B iz (G 5 http://de.wikipedia.org/w/index.php2title=D i
R LR W 4y Lo e syirome 13 lead_XGprgsfietime |
: ‘: 3 ; i i : = %:i = = Stamp=20060511114938
Pt by L ; --
1 Tep [ P dik Lofet T
T e
| [T I S IR S TP St ALY Toots s IR Eurt Pty A e St M 1 W .,!
Lown-Ganong-Levine (LGL)-Syndrom ]

Praexzitation durch akzessorisches James-Blindel
(atrio-nodulére Leitungsbahn), keine Delta-Welle




PQ-Zeit-Verldngerung

AV-Block 1. Grades

AV-Block 2. Grades (AVB II° )

Typ 1 (Wenckebach) PQ-Zeit zunehmend, bis eine Uberleitung ausféillt.

———

AA-Q_A—A—A—QJ_A ~ AA_/'\_
| S S |

s

Typ 2 (Mobitz)

prmm————

AV-Uberleitung nur bei jeder 2. (2:1 Periodik)
oder jeder 3. (3:1 Periodik) Aktion.
PQ-Zeit kann normal sein.

| LR B

24

PQ-Zeit-Verlangerung

AV-Block liI°
Keine AV-Uberleitung

P-Wellen und Kammerkomplexe sind unabhéngig voneinander
Langsamer Ersatzrhythmus

durch sekundares Automatiezentrum oder

TN

SN

SO

‘-\%/A A A

S8

e N ~L1 - N
T LI : DL

tertisgres Automatiezentrum (bei trifaszikuldrem Block)

Jrmman N,

3
¢ (‘i

{ ] 3

[ i

“ B

N

N~ ~

e ¥ Y - - - ¥—1
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EKG-Befundung

1. Lagetyp
2. Rhythmus und Frequenz
3. Erregungsausbreitung
a) P-Welle
b) PQ-Zeit
c) QRS-Breite
d) R/S-Umschlag, R und S in den Brustwandableitungen
e) Q-Zacken
4. Erregungsrickbildung
a) ST-Strecke
b) T-Welle
c) QT-Zeit

3. Erregungsausbreitung — QRS-Komplex

QRS-Breite
Normal: QRS-Dauer 60-100 ms

QRS-Verbreiterung

100-120 ms: intraventrikulare Erregungsaus-
breitungsstérung
Schenkelblock

Ab), t

Rechtsschenkelblock RSB
Oberer Umschlagspunkt (OUP) > 30 ms in V1 .

GroBes RinV1+ QRS > 120 ms
(GroRes R V1 + QRS < 120 ms Rechtsherzhypertrophie)

Inkompletter RSB
Selbe Konfiguration, aber QRS-Dauer < 120 ms




11

11

AUR

AVL

AUF

Rechtsschenkelblock - Beispiel

T\A'V\}:\/\]Mi\/\‘f‘\/\g\/ﬁm; J\\‘M_- W f"’h-l\\w r-u L\)’ \f—\, '.
' i i \ I

( A A A A B L i e okt s ot
ANAAN AN A AT NN AN L

P P UL U DU P
"thM‘L'/\“tN'UMVNILK\'_LNJ/\*L ‘L"’W.smx-m‘/"\"y/v“w/\’“‘wﬂ

V6
WAL Ay A AN Al Al A
. - - » ¥ - »

ﬁ\*’*‘s . (l Wi~ /J. 1 Qw,,/-( 0«_(,

3. Erregungsausbreitung — QRS-Komplex

Linksschenkelblock LSB { « & & 1 0y [//1

r
Oberer Umschlagspunkt (OUP) &8s in V6
2.T. M-férmiger Kammerkomplex {85 N5 e
Nie groRRes R in V1 |
Linksanteriorer Hemiblock LAk orma
Linksposteriorer Hemiblock LBEBENE dEEhtH:
Bifaszikuldrer Block: RSB + LAHB, wenn zusétzlich AVB I°
dann droht AVB III° | Schekebik

Bei Blockbild konsekutive ERBS (Erregungsriickbildungsstérungen)




T eI G T

Linksschenkelblock - Beispiel

"N /"”'J "'—"l"\\[‘wl\-— “.\.1?..,‘.\....__ L‘i"\

I B i . 4 - L ANt i d
, . __
o soll = £ e TR O
S T e BN | N RERSY RS T B
o 1 v

M AN DU (Y o ==

EKG-Befundung

1. Lagetyp
2. Rhythmus und Frequenz
3. Erregqungsausbreitung
a) P-Welle
b) PQ-Zeit
c) QRS-Breite i
d) R/S-Umschlag. R und S in den Brustwandableitungen
e) Q-Zacken
4. Erregungsriickbildung
a) ST-Strecke
b) T-Welle
c) QT-Zeit

31



3. Erregungsausbreitung — R/S-Zacken

R-Progression — Normalbefund
R vergréBert sich von V2 zu V5
RS-Umschlagspunkt zwischen \(2 V4,

Kein Sin V6 (

dﬂi:_, oldor )

narbe ReeHtSharz
belastung
Thoraxform 32

3. Erregungsausbreitung — R/S-Zacken

Linksherzhypertrophie
————
Sokolow-Lyon-Index (SLI) links:
we ¥ S V2 + R V6 \
positiv, beile 3,5V

- RV1+SV50d.6
“j\v RV2+S V6
L : positiv, bei > 1,056 mV

Sokolow-Lyon-index (SLI) rechts:

Rechtsherzhypertrophie

33
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3. Erregungsausbreitung — R/S-Zacken

R-Zacken h6hengemindert

Periphere Niedervoltage
R-Zacken in Extremitatenableitungen < 0,5 mV

ichalc\ Zentrale Niedervoltage
Zusétzlich R-Zacken in Brustwandableitungen < 0,7 mV

Ursachen:
Adipositas
Odeme
Perikarderguss
Pleuraerguss
Lungenemphysem

/‘(3&5&0#\
b/“'wustt)ub'"

34

EKG-Befundung

1. Lagetyp
2. Rhythmus und Frequenz
3. Erregungsausbreitung
a) P-Welle
b) PQ-Zeit
c) QRS-Breite
d) R/S-Umschlag, R und S in der Brustwand
e) Q-Zacken
4. Erregungsruckbildung
a) ST-Strecke
b) T-Welle
c) QT-Zeit

35




3. Erregungsausbreitung — Q-Zacken

Pathologische Q-Zacken [

Brustwand vor R/S Umschlag
Extremitaten (Pardée Q)
>0,03s D46 s
> Y4 R-Zacke
Infarktzeichen, HOCM

nomal

36
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EKG-Befundung

1. Lagetyp
2. Rhythmus und Frequenz
3. Erregungsausbreitung
a) P-Welle
b) PQ-Zeit
c) QRS-Breite

d) R/S-Umschlag, R und S in der Brustwand

e) Q-Zacken

4 Errequngsriickbildung

25

a) ST-Strecke
b) T-Welle
c) QT-Zeit

37



4. Erregungsrickbildung — ST-Strecke

Ai---”
-~ .

ST-Streckenhebung
Messung 80 ms nach J-Punkt

(= Ubergang von Sin T)
Pathologisch > 0,1 mV in Extremitéten

> 0,2 mV in Brustwand
Y 2 Grsccidonrbam f‘de,:‘wy'

ST-Strecke aus absteigendem R
Transmurale Ischémie (Infarkt)
Herzwandaneurysma
Eher konvex
Lokal tber Infarkt
Spiegelbildliche Senkungen

ST-Strecke aus aufsteigendem S
Perikarditis
Eher konkav
In allen Ableitungen

i J

Ty

4. Erregungsriickbildung — ST- Strecke

ST-Streckensenkung

Aszendierend
Volumenhypertrophie

érsow}dsc‘q : ?“as‘r° (o )l’.s'c\

Horizontal oder-deszendierend
Nicht-transmurale Ischdmie

Patmole 5:5& - KK

Muldenférmig
Digitalis

7

acrendwrend

N~

deszendwerend

herizonalgesenks

konxavbomg gesenkt
-

~




EKG-Befundung

1. Lagetyp
2. Rhythmus und Frequenz
3. Erregungsausbreitung
a) P-Welle
b) PQ-Zeit
c) QRS-Breite
d) R/S-Umschlag, R und S in den Brustwandableitungen
e) Q-Zacken
4. Erregungsriickbildung
a) ST-Strecke
b) T-Welle
c) QT-Zeit

4. Erregungsrickbildung — T-Welle

T-Welle — Normalbefund p ~

Halbrund A
1/6 bis 2/3 R
; Positiv oder konkordant neg.

T konkordant negativ

T-Negativierung =~ Desicocdan+
Unspezifisch, Ischdmie, Infarktfolge
Formen:

Praterminal negatives T . g
Unspet.: )-scor_g:.-kgdmfdﬁw 50 ks Mebesetisdn

' Terminal negatives T

1 fqeShdi MO CE

Uberhohtes (zeltférmiges) T
~vegetatives T, Erstickungs-T, Hyperkalidmie

‘{F_,‘(J ; Wo.sm‘mu-s

Flaches T
Hypokaliamie




EKG-Befundung

1. Lagetyp
2. Rhythmus und Frequenz
3. Erregungsausbreitung
a) P-Welle
b) PQ-Zeit
c) QRS-Breite
d) R/S-Umschlag, R und S in den Brustwandableitungen
e) Q-Zacken
4. Erregungsriickbildung
a) ST-Strecke
b) T-Welle
c) QT-Zeit

42

4. Erregungsriickbildung — QT-Zeit

QT-Zeit
Norm: frequenzabhangig normal
frequenzkorrigiert < 440 ms

QT-Zeit-Verlidngerung T A
Ursachen:
Veranlagung (long-QT-Syndrom)
Medikamente (Antidepressiva, Makrolide, MCP, Chinin)
Elektrolytstérungen (Hypokalidmie, Hypokalzdmie)

Komplikationen:
Ventrikuldre Tachykardie (VT), Kammerflimmern (VF)
Torsade-de-pointes-Tachykardie (spezielle VT):
Hochfrequente ventrikuldre Aktion mit Torsionsbewegung der R-Zacken um die
Grundlinie,

43




Koronararterien und EKG-
|_okalisation

;,’
»

RY

Linke Koronararterie (LCA)
- R. interventr. ant. (RIVA)

"j ‘ 2 ‘il LCA - Distaler R. interventr. ant. Here sP tlee
—> V1-V4
borc
- R. diagonalis rberale b
—> |, aVt, V5-V6
rosfew'er)-\
-R. circumflexus (RCX) (il ersiomid
—> I, lil, aVF
+ ggf. V7-9 V5/6
. oral
Rechte Koronararterie (RCA) periett
. dthf““j‘_j“"
<o —> 1,1l aVF el
i, A + VR3-6 bei Rechtsherzbeteiliging
_Autor Jheuser”, 01.08.2010, Lizenztext siche Anhang;
I http://de.wikipedia.org/w/index.php?title=Datei:AMI_scheme.png 44
- filetimestamp=20060619165758
Initialstadium:
1. Hochpositive, schmale T-Welle (sog. L,Erstickungs-T°) i A\
- Antangsstadiom
Akutstadium:
2. ST-Strecken-Hebung tber Infarkigebiet
ST-Hebung aus absteigendem R
i ST-Senkungen gegeniiber dem Infarktgebiet -
i Akuistadium
| Zwischen- und Folgestadium:
3. Riickbildung der ST-Streckenhebungen
i - i
: 4. T-Negativierung LA
1 5. R-Verlust
F' 6. Q-Zacken-Bildung —A—\/—\v
- Folgesiadium
Endstadium (4 Wochen):
1 7. T-Welle wird positiv (kann auch negativ bleiben)
R-Verlust persistiert meistens
Tiefes und breites Q Giber dem Infarktgebiet } '.“_\ /,:‘u_'“‘_"
i Enststadnim + AN 1t und ipes O ) a5



Ausgedehnter akuter Vorderwandinfarkt

i a\d\,ﬂ-\,wd‘\.\__'y\__\« _J\—-..“-n..,\mf—\,,\’-\_,\Jv\g\/./\_\
A

gy
\\M,M\_,-\-A-. »\..-\,,/u«. “-—\ -\A._M \’\—/""\‘M_ﬁ\-’\ ~ ,--\
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Direkte Infarktzeichen: I, AVL, V2 - V6 Problem: Verschluss prox.
Indirekte Infarktzeichen: il, 1lf, AVF, V1 RIVA %

Akuter Hinterwandinfarkt
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i1, Hl, AVF Problem: Verschluss RIVP
I, AVL, V1 -V5 Ramus interventricularis post.
(RCA), hier Rechtsversorger

Direkte infarktzeichen:
Indirekte Infarkizeichen:
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EKG bei Rechtsherzbelastung

(z.B. bei Lungenarterienembolie)

Steiltyp, Rechtstyp, iberdrehter Rechtstyp,
Sagittaltyp (SI-Qlll-Typ)

aehykateie’(L ungenembolie)

Reshissehenielblesls (auch inkomplett)
-~ Konsekutive ERBS

T-Negativierung/ ST-SegmenterhShungen
V1-3

L Sinustachykardie - F 2 100/min
V 48

Supraventrikuldre HRST

Supraventrikulére Extrasystole, singuléar
Vorzeitige P-Welle mit oft anderer Konfiguration, QRS wie bei Sinusschlag

Ll

Trigeminus
1 x NS gefolgt von 2 x ES

Bigeminus f\ }\ fs f\ h ﬁ‘

Jeder NS gefolgt von ES G s Qe e o i = = U O
Supraventr. Bigreanus

Couplet

2 ES hintereinander

Supravenir Couplet

Triplet
3 ES hintereinander

49



Supraventrikuldre HRST

IMPP, intermit. Delta-Welle

WPW:
In Ruhe: Deltawelle mit verklrzter PQ-Zeit, QRS-Komplex verbreitert

Im Anfall: typischerweise Schmalkomplextachykardie (orthodrome Leitung)
ohne P-Wellen mit HF 160-220/min

50

Supraventrikuldre HRST

~
-

:
2
!
i
-,
i

3

AV-Block e Pl

wechseind, 2:1 Typisch (nach der Regel): in I, I, aVF negativ
bis 4:1 Alypisch {gegen die Regel): in Il, Ill, aVF positiv

Puisdefizit bei
der kbrpertichen
Untersuchung
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Ventrikulare HRST

Ventrikuldre Extrasystole, singuldr

Vorzeitige Kammerkontraktion mit meist verbreitertem QRS-Komplex
Keine vorhergehende P-Welle

Kompensatorische Pause

normmaler GRS-Komplex Extrasystole

/N

kompensator. Pause

Trigeminus Couplet
1 x NS gefolgt von 2 x ES 2 ES hintereinander
\; Bigeminus Triplet
! Jeder NS gefolgt von ES 3 ES hintereinander 52

Ventrikulare HRST

Ventr. Salve
Vorkommen:
2B.nach

- Myokardinfarkt

Monomorph
{Emegung von
einem Ortdes

Polymorph
(Emegung geht
von mehreren
Onten aus)




Ventrikulidre Tachykardie

Herzfrequenz > 150/min.

Erregungsursprung distal des His-Bindel
Regelmalige, breite Kammerkomplexe (> 120 ms)

Kammerflattern

200 (240) -
300/min
gleichmaRige

Kammerkomplexe
ohne
isoelektrische

Linie
Kammerflimmern

> 300/min
ungleichmatige

oszillierende " /\WVW\N\NV v

Kammerkomplexe

ohne WVV"MN\MVW

isoelektrische 0 A AW

Linie, teils wellen-

und zackenformig NV\/VV”‘VV\M/ v.m/m/mmvww
&



EKG-Analyse bei Tachykardie

N { ; 4 S" ONV—
1. Pat. hamodynamisch stabil oder instabil? =0 Y- {shodeCe desks ‘

2. Schmale (< 0,12 s) oder breite (= 0,12 s) Kammerkomplexe?

3. RegelmaRige oder unregelmalige Tachykardie?

Schmale Komplexe Breite Komplexe

" Sinustachykardie © Ventrik Tachykardle
' Vorhofflattern

egelma&g :

-~ AV-Knoten- Reentry
WPW (orthodrom)
UnregelmaRig TAA bei VHF Kammerﬂlmmern
Sinustachykardie mit Torsade de Pointes
SVES VHF mit Schenkelblock
WPW mit VHF

56
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AT

EKG bei Elektrolytstorungen
Kalium

Hyperkalidmie PR WS
Flache P-Welle A~

PQ-Dauer vergrofdert pry—

QRS-Komplex verbreitert

Zeltformiges T /\ /A
Ggf. Verschmelzung von QRS-Komplex und T-Welle Y I P .
QT var Ko b e

Hypokalidmie
Ggf. deszendierende ST-Senke
Abflachung der T-Welle ;

U-Welle
Ggf. T-U-Verschmelzungswelle

Vetizngente @Fh-Zeit.,

ot T

EETVIIE = o

57




EKG bei Elektrolytstorungen
Kalzium

il

oy a

normal

o /«i
i |

QT-Zeft Vertangerung bei Hypokalzemie

QT-Zeit Verkiirzung bei Hyperkalzemig 58
s

Schrittmacher-EKG

Schrittmacherkodierung:
1. Buchstabe: Stimulationsort
2. Buchstabe: Wahrnehmungsort/ Detektionsort

3. Buchstabe: Betriebsart/ Reaktionsart

Verwendete Abkiirzungen:
A = Atrium, V = Ventrikel, | = Inhibition, D = Dual

Inhibition:  Impulsabgabe wird bei Spontanerregung des Herzens inhibiert.
Triggerung: Impulsabgabe erfolgt bei Spontanerregung des Herzens in
Refraktarphase.
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AAI-Schrittmacher

AAL:

Stimulation im rechten Vorhof
Wahrnehmung im rechten Vorhof
Inhibition durch Eigenrhythmus
Einkammer-SM

EKG: Vorhofspike gefolgt von Depolarisation im Vorhof

Indikation:
Sick-Sinus-Syndrom
wichtig: restliches Erregungsleitungssystem muss intakt sein

P

°__

12' \'\

‘\%/) L~ __ON L~ /\ 1~ T\
-1 vV | vy | LI |

VVI-Schrittmacher

VVI (am haufigsten):

Stimulation im rechten Ventrikel
Wahrnehmung im rechten Ventrikel
inhibition durch Eigenrhythmus
Einkammer-SM

EKG: Schrittmacherspike gefolgt von Depolarisation im Ventrikel
schenkelblockartige Deformierung des QRS-Komplexes

Indikation: BAA bei chron. VHF

Komplikation:
Schrittmachersyndrom durch fehlende Synchronitat zwischen Vorhof und

Ventrikel bei erhaitener Vorhoffunktion

......
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DDD-Schrittmacher

DDD:
Stimulation in rechten Vorhof und Ventrikel

Wahrnehmung in Vorhof und Ventrikel
Inhibition oder Triggerung

Zweikammer-SM
Sonderform Bivent: Dreikammmer-SM, zusétzlich Elektrode an linkem Ventr.

EKG: Schrittmacherspikes in Vorhof und Ventrikel oder nur Ventrikel bei
erhaltenem SR, schenkelblockartige Deformierung des QRS-Komplexes

Indikation:
AV-Block Grad Il (Mobitz)
AV-Block Grad Il
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Beispiel-EKG 6
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Beispiel-EKG 8.1
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EKG 10.1
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ViKipedia-Abbildungen

“ation License Version 1.2,
‘ght (C{ 2000,2001,2002
. Jfion, Inc. 59 Temple

20N, MA 02111-1307 USA
to copy and distribute
4 lthis license document, but

s

%

allowed.

e of this License is lo make a manual, textbook, or
safictional and useful document “free” in the sense of
“dm: to assure everyone the effective freedom to copy and
stribute it, with or without modifying it, either commercially or
ncommercially. Secondarily, this License preserves for the
author and publisher a way to get credit for their work, while not
being considered responsible for modifications made by others,
This License is a kind of "copyleft*, which means that derivative
works of the document must themselves be free in the same
sense. It complements the GNU General Public License, which is
a copyleft license designed for free software. We have designed
this License in order to use it for manuals for free software,
because free software needs free documentation: a free program
should come with manuals providing the same freedoms that the
software does. But this License is not limited to software manuals;
it can be used for any textual work, regardless of subject matter
or whether it is published as a printed book. We recommend this
License principally for works whose purpose is instruction or
reference.,
1. APPLICABILITY AND DEFINITIONS
This License applies o any manual or other work, in any
medium, that contains a notice placed by the copyright holder
saying it can be distributed under the terms of thig License. Such
a notica grants a world-wide, royalty-free license, unlimited in
duration, to use that work under the conditions stated herein. The
"Document’, below, refers to any such manual or work. Any
member of the public is a licensee, and is addressed as "you".
You accept the license if you copy, modify or distribute the work
in a way requiring permission under copyright law. A "Modified
Version” of the Document means any work containing the
Document or a portion of it, either copied verbatim, or with
modifications andor translated into another language. A
"Secondary Section” is a named appendix or a front-matter
section of the Document that deals exclusively with the
relationship of the publishers or authors of the Document to the
Document's overall subject (of to related matters) and contains
nothing that could fall directly within that overall subject. (Thus, if
the Document is in part a textbook of mathematics, a Secondary
Section may not explain any mathematics.) The refationship could
be a matter of historical connection with the subject or with
related matters, or of legal, commercial, philosophical, ethical or
political position regarding them. The “lnvariant Sections® are
certain Secondary Sections whose tites are designated, as being
those of Invariant Sections, in the notice that says that the
Document s released under this License. If a section does not fit
the above definition of Secondary then it is not alowed to be
designated as Invariant. The Document may contain zero
Invariant Sections, If the Document does not identify any invariant
Sections then there are none. The "Cover Texis" are certain short
passages of text that are listed, as Front-Cover Texts or Back-
Cover Texts, in the nofice that says that the Document is
released under this License. A Front-Cover Text may be at most
S words, and a Back-Cover Text may be at most 25 words. A
“Transparent” copy of the Document means a machine-readable
copy, represented in a format whose specification is available to
the general public, that is suitable for revising the document
straightiorwardly with generic fext editors or (for images
composed of pixels) generic paint programs or (for drawings)
some widely available drawing editor, and that is suitable for input
lo text formatters or for automatic translation to a variety of
formats suitable for input to text formatiers. A copy made in an
otherwise Transparent file format whose markup, or absence of
markup, has been arranged fo thwart or discourage subsequent
modification by readers is not Transparent. An image format is
not Transparent if used for an¥ substantial amount of fext. A copy
that is not “Transparent” is called *Opagque®. Examples of suitable
formats for Transparent copies include plain ASCIl without
markup, Texinfo input format, LaTeX input format, SGML or XML
using a publicly available DTD, and standard-conforming simple
HTML, PostScript or PDF designed for human modification.
Examples of transparent image formats include PNG, XCF and .
JPG. Opaque formats include proprietary formats that can be
read and edited only by proprietary word processors, SGML or
XML for which the DTD ‘and/or processing tools are not generally
available, and the machine-generated HTML, PostScript or PDF
produced by some word processors for output purposes only. The
"Tile Page” means, for a printed book, the title page itself, plus
such following pages as are nesded to hold, legibly, the material
this License requires to appear in the title page. For works in
formats which do not have any title page as such, "Title Page”
means the text near the most prominent appearance of the work's
iile, preceding the beginning of the body of the text. A section
*Entitled XYZ" means a named subunit of the Document whose
title either is precisely XYZ or contains XYZ in parentheses
followingotext that translates XYZ in another language. (Here XYZ
stands for a specific section name mentioned below, such as
"Acknowledgements”,  "Dedications”, "Endorsements®, or
"History".} To "Preserve the Title" of such a .section when yau
modify the Document means that it remains a section "Entitled
XYZ" according to this definition. The Document may include
Warranty Disclaimers next to the notice which states that this
License applies to the Document. These Warranty Disclaimers
are considered to be included by reference in this License, but
only as regards disclaiming warranties: any other implication that
*hese Warranty Disclaimers may have is void and has no effect
the meaning of this License,
RBATIM COPYING
may copy and distribute the Document in any medium,
~ommercially or noncommercially, provided that this
*he copyright notices, and the ficense notice saying this
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License applies to the Document are reproduced in all copies,
and that you add no other conditions whatsoever to those of this
License. You may not use technical measures fo obstruct or
contro! the reading or further copying of the copies you make or
distribute. However, you may accep! compensation in exchange’
for copies. If you distribute a large enotigh number of copies you
must also follow the conditions in section 3. You may also lend
copies, under the same conditions stated above, and you may.
publicly display copies.

3. COPYING IN QUANTITY

If you publish printed: copies (or copies in media that oommonly’

have printed covers) of the Document, numbering more than 100,
and the Document's license nofice requires Cover Texts, you
must enclose the copies in covers that carry, clearly and legibly,
all these Cover Texts: Front-Cover Texts on the front cover, and
Back-Cover Texts on the back cover. Both covers must also
clearly and legibly identify you as the publisher of these copies.
The front cover must present the full title with all words of the title
equally prominent and visible. You may add other material on the

covers in addition. Copying with changes limited fo the covers, as

long as they preserve the title of the Document and satisfy thesa
conditions, can be treated as verbatim copying in other respects,
If the required texts for either cover are too voluminous fo fit
legibly, you should put the first ones listed (as many as fit
reasonably) on the actual cover, and continue the rest ento
adjacent pages. If you publish or distribute Opaque copies of the
Document numbering more than 100, you must efther include 2
machine-readable Transparent copy along with each Opaque
copy, or state in or with each Opaque copy a computer-network.
location from which the general network-using public has atcess.
1o download using public-standard network protocols a complete

Transparent copy of the Document, free of added material, If you .

use the latter opfion, you must take reasonably prudent steps,
when you begin distribution of Opague copies in quantity, to
ensure that this Transparent copy will remain thus accessible at
the stated location until at least one-year after the last time you
distribute an Opaque copy (directly or through your agents or
retailers) of that edition to the public. It is requested, but not
required, that you contact the authors of the Document well
before redistributing any large number of copies, to give them a
chance to provide you with an updated version of the Document,
4, MODIFICATIO*S :

You may copy and distribute a Modified Version of the Document
under the'conditions of sections 2 and 3 above, provided that you
release the Modified Version under precisely this License, with
the Modified Version filing the role of the Document, thus
licensing distribution and modification of the Modified Version to
whoever possesses a copy of il. In addition, you must do these
things in the Modified Version: A, Use in the Title Page {and on
the covers, if any) a title distinct from that of the Document, and
from those of previous versions (which should, if there were any,
be fisted in the History section of the Document). You may use
the same title as a previous version if the original publisher of that
version gives permission. B. List on the Title Page, as authors,
one or more persons or entities responsible for authorship of the
modifications in the Modified Version, together with at least five of
the principal authors of the Document (all of its principal authors,
if it has fewer than five), unless they release you from this
requirement. C. State on the Title page the name of the publisher
of the Modified Version, as the publisher. D. Preserve all the
copyright notices of the Document. E. Add an appropriate

copyright notice for your modifications adjacent fo the other -
copynight nofices. F. Include, immediately after the copyright.

notices, a license notice giving the public permission 1o use the
Modified Version under the ferms of this License, in the form
shown in the Addendum below. G, Preserve in that license notice
the full lists of invariant Sections and required Cover Texts given
in the Document's license notice. H. Include an unaltered copy of
this License. I. Preserve the section Entifled "History”, Preserve
its Title, and add fo it an item stating at least the tite, year, new
authors, and publisher of the Modified Version as given on the
Title Page. ff there is no section Entilied "History” in the'
Document, create one staling the title, year, authors, and
publisher of the Document as given on its Title Page, then add an
item describing the Modified Version as stated in the previous

sentence. J. Preserve the network location, if any, given in the -

Document for public access to a Transparent copy of the
Document, and
Document for previous versions it was based on. These may be
placed in the “History” section. You may omit a network location
for a work that was published at least four years before the
Document itseff, or if the original publisher of the version it refers
fo gives pemission. K. For any secion Eniitled
"Acknowledgements” or "Dedications”, Preserve the Title of the
section, and preserve in the section all the substance and tons of
each of the contributor acknowledgements andfor dedications
given therein. L. Preserve all the Invariant Sections of the
Document, unaltered in their text and in their fitles. Section
numbers or the equivalent are not considered part of the section
titles. M. Delete any section Entitled "Endorsements”. Such a
section may not be included in the Modified Version. N. Do not
refille any existing section to be Entitled "Endorsements® or to-
conflict in fitie with any Invariant Section. O. Preserve any
Warranty Disclaimers. If the Modified Version includes new froni-
matter sections or appendices that qualify as Secondary Sections
and contain no matefial copied from the Document, you may at
your option designate some or all of these sections as invariant.”
To do this, add their titles to the fist of Invariant Sections in the
Modified Version's ficense notice. These tifles must be distinct
from any other section fitles. You may add a section Enfitled
"Endorsements”, provided it contains nothing but endorsements
of your Modified Version by various pariies—for example,
statements of peer review or that the text has been approved by

an organization as the authoritative definition of a standard. You

may add a passage of up to five words as a Front-Cover Text,
and a passage of up to 25 words as a Back-Cover Text, to the
end of the list of Cover Texts in the Modified Version. Only one
passage of Front-Cover Text and one of Back-Cover Text may be
added by (or through arangements made by) any one entity.-If
the Document alfeady includes a cover fext for the same cover,
previously addéd by you or by arangement made by the same
entity you are acting on behalf of, you may not add another; but

likewise the network locations given in the

=

u- may. replace-the old one, on explicit permission from the
vious publisher that added the old one. The author(s) and
o) of the-Document do not by this License gig
fon-f0 usa their names for publicity for or to assert or imply

orsen I}IG lodified Version.
Youimay'comisine

Document with other documents released’
rthis:bi 4inder the-terms defined in section 4 above for
odified versloris, provided that you g}dude in the c'ombination al
of the In Sections i of alt. of the original documents,
~un ) them all as. Invariant Sections of your
s notice, and that you preserve all their
mbined work need only contain ong.
, 4 ultiple identical Invariant Sections may.
I with a single copy. If -there are multiple Invariant
with the same ‘name but different contents, make the
uch- section unique by adding at the end. of i, in
the:aane:of the.criginal author or publisher of that
WD, Of &lso 8 unique number. Make the same. |
ig:séetion-fiffes in the list of Invariant Sections’in
carse: nofics ofithe: id work. In the combination, you
oam&na-a%g saclions Entitied "History” in the various
dostiments, forming one section Entitled "History’s &
awish: E "Acknowledgements?, and’
aetygmﬁn od”| . You must delete all sections |
ion.consisting of the Document and ol
this License, and replace L
nse In the various documents witha
-ithe collection, provided that you
fot verbatim copying of each of the
pscls, You may extract a single
n, and distribute it individually
Insert a copy of this License into

follow this License in all other
ying of that document,
DENT WORKS

documents or works, in or on a volume
storage or distribution medium, is called an “aggregate” if the
copyright restlting from the compilation is not used to limit the
lsgal nahts of the ‘compilation's users beyond what the individual
works permit. When the Document is included in an aggregale,
this Licensa dogs not apply fo the other works in the aggregate
which eMmseives derivative works of the Document. f the
Covér Texd reg ‘of- section 3'is applicable to these copies
of the Document, then'if the Document Is less than one half of the
enlire aggregate, the Document's' Cover Texts may be placed on
mmrsagwg;%rmm Document within the aggregate, or the
electronic equivalent of covers if the Document is in electronic
form. Othenwise they must appear on printed covers that bracket
Transiation is-considared a kind of modification, so ‘you may
distribute frenslations of the Document under the terms of section. ~~
4. Replacing Invariant Sactions with transtations requires special
permission from their copyright holders, but you may Include
transiations of same or all Invariant Sections in addifion 1o the
oniginal versiars ‘of tiiess Invariant Sections. You may include a
transiation of this Licanse, and all the license notices in the
Document, and any Warmanty Disclaimers, provided that you also
include the original Engiish version of this License and the
orlginal vérsions of those notices and disclaimers. In case of &
disagreement betwean the translation and the original version of
|h'rsagLicsnsa or'a notice or disclaimer, the original version wil
prevall. If '@ saction in the Document is Entitled
"Acknowledgements®, *Dedications”, or "History”, the requirement
(section 4) to Preserve its Title (section 1) will typically require

ing the aclual fitle,
5. TERMNATION
You may nol copy, modify, -sublicense, or distribute the
Document: excapt as expressly provided for under this License
Any ather 3| I 1o copy, modify, sublicense or distribute the
Document. & void, and will automatically terminate your rights
under this License, However, parties who have received copies,
or rights, fram, yolunder this License will not have their icenses .
lerminated so long as such parties remain in full compliance.
10. FUTURE REVISIONS OF THIS LICENSE
The Free Software Foundation may publish new, revised |
versions of the GNU Free Documentalion License from time to
tima. ‘Such. new vetsions will be similar in spirit 1o the presen!
version, bul may differ in'detall to address new problems or
concams, Sea htipUwww.gnu.orgicopyleft!. Each version of the
Licanseis givan aidistinguishing version number. If the Document
specifies that a particular numbered version of this License “or
any laler version” applies to it, you have the option of following
the terms and candilions either.of that specified version or of any
Iater version that has been published (nol as a draft) by the Free
Software Foundation, i the Document does not specify a version
number of this Licanse, you may choose any version sver |
published mel‘ as a draft) by the Free Softwhre Foundation
ADDENDUM: How o use this License for your documents To use
this License in/a document you have written, include a copy of the
Licansa in.the document and put the following copyright and
license notices just after the tile page: Copyright (c) YEAR YOUR
NAME. Parmission is granted to copy, distnbute andior modify
this dogument undet the terms of the GNU Free Documentation
License, Version 1.2/or any later version published by the Free
Software Foundation; with no Invariant Sectians, no Front-Cover
Texts, and no Back-Cover Texts. A copy of the license is included
in the section enfitied *GNU. Free Documentation License®, If you
have Invariant Secfions, Front-Cover Texts and Back-Cover
Texts, replace the "with,..Texis." line with this: wilth the Invariani
Sections being LIST THEIR TITLES, with the Front-Cover Texts
being LIST, and with the Back-Cover Texts being LIST. If you i
have Invariant Sections without Cover Texis, or some ofher i
combination of the three, merge those two altematives to sull the
situation. If your document contains nontrivial examples of
program code, we recommend releasing these examples in
paraliel under your choice of free software license, such as the
GNU General Public License, lo parmit their use in free software




