
Basiscursus	
  ECG	
  voor	
  huisartsen	
  
2e	
  avond	
  

Het	
  afwijkende	
  ECG	
  
	
  

Jonas	
  de	
  Jong	
  



Indeling	
  

•  Korte	
  herhaling	
  7+2	
  stappenplan	
  
•  2	
  korte	
  casus	
  
•  Ritmestoornissen	
  
•  Geleidingsstoornissen	
  
•  Ischemie	
  
•  Oefen-­‐ECG’s	
  



Systema(sche	
  beoordeling	
  
	
  

1.  Ritme	
  
2.  FrequenJe	
  
3.  GeleidingsJjden	
  
4.  Hart-­‐as	
  
5.  P	
  top	
  morfologie	
  
6.  QRS	
  morfologie	
  
7.  ST	
  morfologie	
  

8.  Vergelijking	
  met	
  oud	
  ECG	
  
9.  Conclusie	
  



Het	
  normale	
  ECG	
  
I 

II 

AVR 

AVF 

III 

AVL 

V1 

V2 

V3 

V4 

V5 

V6 



Het	
  afwijkende	
  ECG	
  

•  Ritme-­‐	
  en	
  geleiding	
  
•  Ischemie	
  



Casus	
  1	
  

•  67	
  jarige	
  man	
  
•  Vorige	
  week	
  een	
  paar	
  dagen	
  lang	
  pijn	
  op	
  de	
  
borst	
  gehad	
  

•  Nu	
  lichte	
  druk	
  op	
  de	
  borst	
  bij	
  inspanning	
  



I 

II 

AVR 

AVF 

III 

AVL 

V1 

V2 

V3 

V4 

V5 

V6 

Courtesy of CCU nursus, AMC, The Netherlands 



Doorgemaakt	
  IPL-­‐infarct,	
  RBTB,	
  QT	
  verlenging	
  

Q	
  

Q	
  

Q	
  

RBTB	
  

QT	
  verlenging	
  

Q	
  

Q	
  

Hoge	
  R	
  in	
  V2	
  



Casus	
  2	
  

•  Hr	
  A.	
  68	
  jaar	
  
•  Rookt,	
  hypertensie	
  
•  MedicaJe:	
  HCT,	
  metoprolol,	
  sereJde	
  
•  Kortademig	
  bij	
  inspanning	
  



I 

II 

AVR 

AVF 

III 

AVL 

V1 

V2 

V3 

V4 

V5 

V6 



Rechterbundeltak	
  blok	
  en	
  linker	
  atrium	
  dilataJe	
  



RITMESTOORNISSEN	
  

12	
  



Ritme-­‐	
  en	
  geleidingstoornissen	
  

•  Wat	
  is	
  de	
  har`requenJe?	
  
•  Zijn	
  er	
  extra	
  slagen?	
  
•  Zijn	
  er	
  P	
  toppen	
  die	
  niet	
  gevolgd	
  worden?	
  
•  Breedcomplex-­‐ritmestoornissen	
  =	
  niet	
  pluis	
  
(zowel	
  bradycardie	
  als	
  tachycardie)	
  

•  Volstrekt	
  onregelmaJg	
  =	
  boezemfibrilleren	
  

13	
  



Indeling	
  ritmestoornissen	
  
Naar	
  oorsprong	
  

14	
  



15	
  



Sinustachycardie	
  

Courtesy of Ivo van der Bilt 



Sinusbradycardie	
  

Courtesy of Ivo van der Bilt 





19	
  



Boezemfibrilleren 
 
Rate vs Rhythm control 
Antistolling obv Chadsvasc2 
 
Problemen: 
-  CVA risico 
-  Proaritmie van anti-aritmica 



Courtesy of Ivo van der Bilt 



Boezemflujer	
  



Boezemflutter: 
 
•  Rate en rhythm 

control vaak 
moeizaam 

•  Ablatie geïndiceerd 
bij 1e recidief 





• FrequenJe:	
  180-­‐250	
  /	
  min	
  
• R-­‐R’	
  in	
  V1	
  
• Typisch	
  jonge	
  paJënt	
  
• Recidiverend	
  

Manoeuvres:	
  
• Hurken	
  
• Sinus	
  caroJs	
  massage	
  
• Adenosine	
  

25	
  

AV	
  Nodale	
  re-­‐entry	
  tachycardie.	
  
 





Sinus	
  	
  caroJs	
  massage	
  



AVRT	
  via	
  accessoire	
  verbinding	
  







Pre-­‐exitaJe	
  



GELEIDINGSSTOORNISSEN	
  



Geleidingsstoornissen	
  
•  1e	
  graads:	
  verlengde	
  PQ	
  Jjd	
  >	
  200ms	
  
•  2e	
  graads	
  

–  Type	
  I	
  (Wenkebach):	
  PQ	
  Jjd	
  neemt	
  toe	
  van	
  
complex	
  tot	
  complex	
  tot	
  er	
  een	
  complex	
  
uitvalt.	
  

–  Type	
  II	
  (Mobitz):	
  PQ	
  Jjd	
  is	
  normaal,	
  maar	
  
niet	
  alle	
  p-­‐toppen	
  worden	
  gevolgd	
  
(plotselinge	
  uitval)	
  

•  Hooggradig	
  AV	
  blok	
  
•  3e	
  graads:	
  totaal	
  blok	
  

33	
  



34	
  



1e graads AV blok 
 
 
 
 
 
2e graads AV blok I 
Wenkebach 
 
 
 
 
2e graads AV blok II 
Mobitz 
 
 
 
 
3e graads AV blok 
Totaal AV blok 
 
 
 

35	
  





Extrasystolen	
  
-­‐ Boezemextrasystole	
  

Non-­‐compensatoire	
  pauze	
  

-­‐ Ventrikelextrasystole	
  
Compensatoire	
  pauze	
  

	
  

37	
  



Escaperitme	
  

38	
  



Sick	
  sinus	
  syndrome	
  
•  SymptomaJsche	
  trage	
  sinusbradycardie	
  in	
  afwezigheid	
  van	
  

sinusknoopvertragende	
  medicaJe	
  
•  Sinusarrest	
  of	
  SA	
  exit	
  blok	
  
•  CombinaJes	
  van	
  een	
  sino-­‐atriale	
  of	
  atrioventriculaire	
  

geleidingsstoornissen	
  
•  Brady-­‐tachy	
  syndroom;	
  





VENTRICULAIRE	
  
RITMESTOORNISSEN	
  



PVC	
  



VT	
  

Defini(es	
  
•  Non-­‐sustained	
  VT:	
  3	
  of	
  meer	
  slagen,	
  max	
  30	
  

seconde	
  
•  Sustained	
  VT:	
  >	
  30	
  seconde	
  (of	
  minder	
  

indien	
  gecardioverteerd)	
  
•  Monomorfe	
  VT:	
  alle	
  ventriculaire	
  slagen	
  

hebben	
  dezelfde	
  configuraJe	
  
•  Polymorfe	
  VT:	
  de	
  ventriculaire	
  slagen	
  

veranderen	
  van	
  configuraJe.	
  	
  
	
  
	
  
Klinische	
  kenmerken	
  
•  PaJënt	
  ouder	
  dan	
  65	
  jaar	
  
•  Myocardinfarct	
  in	
  VG	
  
•  “Horizontal	
  entrance”	
  

–  A	
  priori	
  kans	
  op	
  VT	
  hoog!	
  

Klinische	
  kenmerken	
  
	
  



Ventrikeltachycardie	
  





Ventrikelfibrilleren	
  



Torsade	
  de	
  Pointes	
  



Aritmiesyndromen	
  
	
  

LQTS 	
  	
  



Aritmiesyndromen	
  
	
  

Brugada	
  



EXTRACARDIAAL	
  VEROORZAAKTE	
  
ECG	
  AFWIJKINGEN	
  





longembolie	
  
•  Sinustachycardie	
  
•  70%	
  heeu	
  ECG	
  afwijking,	
  meestal	
  ST-­‐T	
  

afwijking	
  
•  S1Q3T3	
  
•  RBTB	
  
•  T	
  top	
  omkering	
  V1-­‐V3	
  

Slechtere	
  prognose	
  bij:	
  
•  Atriale	
  ritmestoornissen	
  
•  RBTB	
  
•  Q’s	
  in	
  onderwand	
  
•  Precordiale	
  T	
  top	
  omkering	
  en	
  ST	
  

verandering	
  



•  Rechter	
  as:	
  R/S	
  ra(o	
  V1	
  >	
  1	
  
	
  

•  P	
  top	
  hoogte	
  in	
  II	
  >	
  2.5mm	
  

	
  
•  (i)RBTB	
  

V1 

COPD	
  /	
  cor	
  pulmonale	
  



Hypokalemia	
  

Hyperkalemia	
  



K+ 7.5 



Pericardi(s	
  

•  Diffusie	
  ST	
  elevaJe	
  
•  Pta	
  depressie	
  



Acute	
  Pericardi(s	
  



Langer	
  bestaande	
  Pericardi(s	
  



Pacemakerritme	
  



ISCHEMIE	
  EN	
  INFARCT	
  



Diagnose	
  infarct 	
  	
  
DiagnosJsche	
  criteria	
  voor	
  
myocardinfarct:	
  
-­‐ Hartenzymen	
  verhoogd	
  &	
  
-­‐ Eén	
  van	
  de	
  volgende:	
  

-­‐ Typische	
  klachten	
  van	
  
drukkende	
  snoerende	
  pijn	
  op	
  de	
  
borst,	
  eventueel	
  met	
  uistraling	
  
naar	
  de	
  kaak	
  en/of	
  arm	
  en	
  
vegetaJeve	
  verschijnselen.	
  
-­‐ ST	
  elevaJe	
  of	
  depressie	
  
-­‐ Nieuwe	
  pathologische	
  Q	
  
-­‐ (na	
  coronaire	
  intervenJe)	
  

Dus:	
  ECG	
  is	
  ondergeschikt	
  aan	
  
enzymen!	
  
Maar	
  wel	
  essenJeel	
  in	
  de	
  acute	
  
fase!	
  

	
  
	
  



ECG	
  ui(ngen	
  van	
  
ischemie	
  

•  ST	
  elevaJe	
  
•  ST	
  depressie	
  
•  T	
  top	
  inversie	
  
•  QRS	
  verbreding	
  
•  Asdraai	
  
•  R	
  top	
  afname	
  
•  Q	
  vorming	
  
•  QTc	
  verlenging	
  



ESC resuscitation guideline 2010 





Natuurlijk	
  beloop	
  ECG	
  bij	
  AMI	
  



Significante	
  ST	
  
eleva(e	
  
Extremiteiten:	
  >	
  1	
  mm	
  in	
  2	
  
belendende	
  afleidingen	
  
Voorwand:	
  >	
  2	
  mm	
  in	
  2	
  
belendende	
  afleidingen	
  





De	
  ST	
  eleva(e	
  wijst	
  
het	
  infarctgebied	
  aan	
  

•  Voorwand:	
  V1-­‐V4.	
  Stroomgebied:	
  LAD.	
  vaak	
  
tachycard.	
  	
  

•  Onderwand:	
  II,	
  III,	
  AVF.	
  Stroomgebied:	
  80%	
  RCA	
  
(bradycard,	
  elevaJe	
  III>II;	
  depressie	
  I	
  en	
  /	
  of	
  	
  
AVL),	
  anders	
  RCX	
  (in	
  20%).	
  	
  

•  Rechter	
  ventrikelfinfarct:	
  ST↑	
  in	
  V4R.	
  vullen	
  
indien	
  hypotensief	
  

•  Posterior:	
  hoge	
  R	
  en	
  ST-­‐depressie	
  in	
  V1-­‐V3	
  
(namelijk	
  resp	
  Q	
  en	
  ST	
  elevaJe	
  in	
  
tegenoverliggende	
  posterior	
  wand)	
  

•  Lateraal:	
  elevaJe	
  in	
  I,	
  AVL,	
  V6.	
  Stroomgebied:	
  
LAD	
  (D-­‐tak)	
  

•  Hoofdstamocclusie:	
  diffuse	
  ST	
  depressie	
  met	
  ST	
  
elevaJe	
  in	
  AVR.	
  Zeer	
  hoog	
  risico	
  	
  

•  LM:	
  leu	
  main;	
  LAD:	
  leu	
  anterior	
  descending;	
  
RCX:	
  ramus	
  circumflexus;	
  RCA:	
  right	
  coronary	
  
artery	
  



Belendende	
  afleidingen	
  passen	
  bij	
  
stroomgebieden	
  



Waarom	
  is	
  dit	
  belangrijk?	
  

•  IdenJficeren	
  van	
  paJenten	
  voor	
  die	
  voor	
  
spoed	
  PTCA	
  in	
  aanmerking	
  komen	
  

•  Vaststellen	
  risico	
  op	
  complicaJes	
  
– Ritmestoornissen	
  
– Geleidingsstoornissen	
  
– Pompfalen	
  



DD	
  bij	
  ST	
  elevaJe:	
  
•  Acuut	
  infarct	
  
•  Vroege	
  repolarisaJe	
  
•  LVH	
  
•  PericardiJs	
  
•  LBTB	
  

NB!	
  Geen	
  ST	
  elevaJe	
  in	
  rust	
  sluit	
  ischemie	
  niet	
  
uit!	
  
	
  
	
  



Acuut	
  infarct	
  

	
  
	
  



Acuut	
  infarct	
  
	
  









I

II

III

aVR

aVL

aVF

V1

V2

V3

V4

V5

V6

V3R (no data)

V4R (no data)

V7 (no data)

V1

105943, ID:105943 25-OCT-2011  10:57:27 AMC RESEARCH HELIUS-   ROUTINE RETRIEVAL

Normal sinus rhythm
ST elevation, consider early repolarization, pericarditis, or injury

25mm/s 10mm/mV 150Hz 005E 12SL 239 CID: 1

Referred by:   Unconfirmed

BPM72Vent. rate
ms168PR interval
ms92QRS duration
msQT/QTc 346/378
221069P-R-T axes

10-JUN-1992 (19 yr)
Male Unknown

0kg

Technician: nk

Med:

Page 1 of 1
  EID:Unconfirmed EDT:00:00  ORDER:          



Normale	
  Varianten	
  



Doorgemaakt	
  infarct	
  

•  Eerste	
  dagen:	
  negaJeve	
  T	
  toppen	
  
•  Persisterende	
  Q	
  golven	
  in	
  infarctgebied:	
  

– Minimaal	
  in	
  2	
  aanpalende	
  afleidingen	
  
– >40ms	
  breed	
  en	
  diep	
  genoeg	
  





I

II

III

aVR

aVL

aVF

V1

V2

V3

V4

V5

V6

V1

101519, ID:101519 02-AUG-2011  10:19:53 AMC RESEARCH HELIUS-   ROUTINE RETRIEVAL

Normal sinus rhythm with sinus arrhythmia
Inferior infarct , age undetermined
(BA SR 64/min. Afwijkend ivm Q III en AVF, waarschijnlijk doorgemaakt
onderwandinfarct)
 

25mm/s 10mm/mV 150Hz 005E 12SL 239 CID: 1

Referred by:   Confirmed By:  J.S.S.G. DE JONG

BPM64Vent. rate
ms156PR interval
ms78QRS duration
msQT/QTc 448/462

5-9-7P-R-T axes

21-FEB-1950 (61 yr)
Female Unknown

0kg

Technician: rs

Med:

Page 1 of 1
  EID:5626 EDT: 13:00 10-AUG-2011 ORDER:          





ST	
  Varianten	
  



“Ik	
  heb	
  een	
  paJënt	
  met	
  AP.	
  Het	
  ECG	
  is	
  normaal,	
  
dus	
  het	
  zal	
  wel	
  niet	
  cardiaal	
  zijn.”	
  



Een	
  normaal	
  rust-­‐ECG	
  sluit	
  ischemie	
  niet	
  uit!	
  
	
  
Een	
  inspanningstest	
  en	
  troponine	
  T	
  bij	
  hevige	
  
klachten	
  zijn	
  veel	
  sensiJever	
  bij	
  uitsluiten	
  van	
  
ischemie.	
  
	
  
	
  



MAJOR	
  ABNORMALITIES	
  



Major	
  AbnormaliJes:	
  i.p.	
  verwijzen	
  
•  Boezemfibrilleren	
  en	
  boezemflujer	
  
•  Hooggradig	
  AV	
  blok	
  
•  LBTB,	
  (RBTB),	
  IVCD	
  
•  Pathologische	
  Q	
  golven	
  
•  Geïsoleerde	
  ischemische	
  afwijkingen	
  (bv	
  STT	
  afwijkingen	
  

zonder	
  Q	
  golven)	
  
•  LVH	
  met	
  STT	
  afwijkingen	
  
•  Linker	
  /	
  rechter	
  boezemdilataJe	
  
•  wel	
  major	
  abnormality,	
  maar	
  zeldzaam	
  in	
  huisartsenprakJjk:	
  

(SVT,	
  WPW,	
  VT)	
  

Journal of Electrocardiology Vol. 31 No. 3 1998 

The Novacode  Criteria for Classification of 
ECG Abnormali t ies  and Their Clinically 
Significant Progression and Regression 

P e n t t i  M .  R a u t a h a r j u ,  M D ,  P h D ,  L a w r e n c e  R P a r k ,  M S ,  
B e r n a r d  R. C h a i r m a n ,  M D ,  F a r i d a  R a u t a h a r j u ,  P h D ,  

a n d  Z h u - M i n g  Z h a n g ,  M D  

Abstract: Electrocardiographic (ECG) manifestations of clinical and subclini- 
cal cardiovascular disease are used as an important component in the evalua- 
tion of clinical trials, and there is an increasing demand for well-defined 
criteria for clinically significant evolution of ECG abnormalities. The Novacode 
ECG classification system provides a comprehensive hierarchical set of criteria 
for prevalent ECG abnormalities and for clinically significant serial ECG changes, 
both adverse and favorable, as a response to pharmacologic, surgical, and 
other interventions. These criteria are used to grade Q wave and ischemic ab- 
normalities in order to achieve stable classification of both prevalent and inci- 
dent myocardial infarctions by minimizing false classifications due to clinically 
insignificant ECG variations. This approach differs from the traditional Minne- 
sota Code classification system, in which incident events are determined by 
changes in classification categories, with the application of additional elaborate 
validation rules to exclude frequent false classifications. Novacode hierarchy is 
so structured that for each abnormality, a general class is first determined with 
the simplest possible classification criteria and more specific abnormality sub- 
groups are then classified with more elaborate criteria. This approach will 
satisfy differing needs of clinical trials for detail in classification. Explicit defini- 
tion of ECG variables and condition statements for the classification criteria fa- 
cilitate implementation of the Novacode with computer ECG programs. Key 
words: ECG criteria, clinical trial methodology, cardiovascular epidemiology, 
serial ECG changes, myocardial infarction, arrhythmias. 

The Minnesota Code, introduced in 1960, was an 
important  step toward standardization of visual 

From the Epidemiological Cardiology Research Center (EPICARE), 
the Department of Public Health Sciences, Wake Forest University 
School of Medicine, * Winston-Salem, North Carolina, and the St. Louis 
University Health Sciences Center, St. Louis, Missouri. 

• Formerly  the  B o w m a n - G r a y  School of Medicine.  
Reprint  requests:  Pentti  M. Rautahar ju ,  MD, PhD, EPICARE 

Center, 2000 West  First Street, Suite 505, P iedmont  Plaza Two, 
Wins ton-  Salem, NC 27104. 

Copyright © 1998 by Churchill Livingstone ® 
0022-0736/9813103-000255.00/0 

electrocardiographic (ECG) coding procedures in 
epidemiologic studies (1). The code was designed 
for morphologic categorization of ECG waveform 
features and for estimation of the prevalence of ECG 
abnormalities in populat ion studies. The Minnesota 
Code was not  intended for clinical ECG classifica- 
tion, nor  was it designed for classification of the in- 
cident abnormalities or clinically significant ECG 
evolution in abnormal  conditions such as acute 
myocardial  infarction (MI), left ventricular hyper- 
t rophy (LVH), or arrhythmias.  
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Minor	
  abnormaliJes	
  
•  Eerste	
  en	
  tweede	
  graads	
  AV	
  blok	
  type	
  1	
  	
  
•  Geringe	
  QRS	
  verbreding	
  (QRS	
  115-­‐119	
  ms)	
  
•  Geïsoleerde	
  smalle	
  Q’s	
  en	
  aspecifieke	
  ST-­‐T	
  afwijkingen	
  
•  LVH	
  zonder	
  STT	
  afwijkingen	
  
•  Frequente	
  extrasystolen	
  
•  LAHB	
  /	
  LPHB	
  

Journal of Electrocardiology Vol. 31 No. 3 1998 

The Novacode  Criteria for Classification of 
ECG Abnormali t ies  and Their Clinically 
Significant Progression and Regression 

P e n t t i  M .  R a u t a h a r j u ,  M D ,  P h D ,  L a w r e n c e  R P a r k ,  M S ,  
B e r n a r d  R. C h a i r m a n ,  M D ,  F a r i d a  R a u t a h a r j u ,  P h D ,  

a n d  Z h u - M i n g  Z h a n g ,  M D  

Abstract: Electrocardiographic (ECG) manifestations of clinical and subclini- 
cal cardiovascular disease are used as an important component in the evalua- 
tion of clinical trials, and there is an increasing demand for well-defined 
criteria for clinically significant evolution of ECG abnormalities. The Novacode 
ECG classification system provides a comprehensive hierarchical set of criteria 
for prevalent ECG abnormalities and for clinically significant serial ECG changes, 
both adverse and favorable, as a response to pharmacologic, surgical, and 
other interventions. These criteria are used to grade Q wave and ischemic ab- 
normalities in order to achieve stable classification of both prevalent and inci- 
dent myocardial infarctions by minimizing false classifications due to clinically 
insignificant ECG variations. This approach differs from the traditional Minne- 
sota Code classification system, in which incident events are determined by 
changes in classification categories, with the application of additional elaborate 
validation rules to exclude frequent false classifications. Novacode hierarchy is 
so structured that for each abnormality, a general class is first determined with 
the simplest possible classification criteria and more specific abnormality sub- 
groups are then classified with more elaborate criteria. This approach will 
satisfy differing needs of clinical trials for detail in classification. Explicit defini- 
tion of ECG variables and condition statements for the classification criteria fa- 
cilitate implementation of the Novacode with computer ECG programs. Key 
words: ECG criteria, clinical trial methodology, cardiovascular epidemiology, 
serial ECG changes, myocardial infarction, arrhythmias. 

The Minnesota Code, introduced in 1960, was an 
important  step toward standardization of visual 

From the Epidemiological Cardiology Research Center (EPICARE), 
the Department of Public Health Sciences, Wake Forest University 
School of Medicine, * Winston-Salem, North Carolina, and the St. Louis 
University Health Sciences Center, St. Louis, Missouri. 

• Formerly  the  B o w m a n - G r a y  School of Medicine.  
Reprint  requests:  Pentti  M. Rautahar ju ,  MD, PhD, EPICARE 

Center, 2000 West  First Street, Suite 505, P iedmont  Plaza Two, 
Wins ton-  Salem, NC 27104. 

Copyright © 1998 by Churchill Livingstone ® 
0022-0736/9813103-000255.00/0 

electrocardiographic (ECG) coding procedures in 
epidemiologic studies (1). The code was designed 
for morphologic categorization of ECG waveform 
features and for estimation of the prevalence of ECG 
abnormalities in populat ion studies. The Minnesota 
Code was not  intended for clinical ECG classifica- 
tion, nor  was it designed for classification of the in- 
cident abnormalities or clinically significant ECG 
evolution in abnormal  conditions such as acute 
myocardial  infarction (MI), left ventricular hyper- 
t rophy (LVH), or arrhythmias.  
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OEFEN	
  ECG’S	
  



I

II

III

aVR

aVL

aVF

V1

V2

V3

V4

V5

V6

V1

102916, ID:102916 05-AUG-2011  07:14:56 AMC RESEARCH HELIUS-   ROUTINE RETRIEVAL

Sinus bradycardia
Possible Left atrial enlargement
Left ventricular hypertrophy with QRS widening
(A ivm borderline LVH, sinusbradycardie 54/min)

25mm/s 10mm/mV 150Hz 005E 12SL 239 CID: 1

Referred by:   Confirmed By:  J.S.S.G. DE JONG

BPM54Vent. rate
ms154PR interval
ms120QRS duration
msQT/QTc 458/434
524262P-R-T axes

30-MAR-1959 (52 yr)
Male Unknown

0kg

Technician: ms

Med:
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  EID:5626 EDT: 13:10 10-AUG-2011 ORDER:          








