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Cardiac Cath Lab  

 



Electrophysiology Lab 

EP Catheters within the heart used for 
obtaining the Electrogram όǘƘŜ άƛƴǘŜǊƴŀƭ 
9/Dέύ ¢ǊŀŎƛƴƎ ŀƴŘ ŦƻǊ tŀŎŜ-mapping, an 
integral component of an EP study 
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Single Lead ECG ς vs ς 12 Leads 

Å{ƛƴƎƭŜ ƭŜŀŘ άǊƘȅǘƘƳ ǎǘǊƛǇǎέ are obtained to see 
what rhythm the patient is currently in (e.g.: 
NSR, atrial fibrillation, heart blocks, etc). 

Å12 Lead ECG is used to see if any part of the 
heart is not getting adequate blood supply 
(i.e.: ischemia, infarction).    Plus, it aids in the 
ŘƛŀƎƴƻǎƛǎ ƻŦ Ƴŀƴȅ ƻǘƘŜǊ ŎƻƴŘƛǘƛƻƴǎΧΧΦΦΦ  



ΧΦhǘƘŜǊ мн [ŜŀŘ 9/D 5ƛŀƎƴƻǎŜǎΥ 
ÅBundle Branch Blocks* and Fascicular Blocks 

ÅNecrosis (old MI,  evolving MI* ) 

ÅV-Tach ςvsς SVT with aberrancy  

ÅHypertrophy (enlargement of 1 or more chambers) 

ÅElectrolyte imbalances 

ÅSudden Arrhythmia Death Syndromes: 

ïBrugada, Long QT*, ARVD, CPVT, HCM,  

ÅWolff-Parkinson-White Syndrome 

ÅAcute Myocarditis / Pericarditis  

ÅAnd many more 
* Covered in this course 



EMS 12 Lead ECG 

 



OBTAINING 
THE 

12 LEAD ECG  



10 wires . . .  

Å4 limb leads 

Åс ŎƘŜǎǘ όά±έύ ƭŜŀŘǎ 



 



 









Obtaining the 12 Lead ECG 

 



Obtaining the 12 Lead ECG 

ÅLimb leads should be on the limbs.   

 



Obtaining the 12 Lead ECG 

    Recent AHA/ACC/HRS literature indicates 
QRS AMPLITUDE, Q WAVE DURATION, AXIS 
and WAVEFORM DEFLECTION can be altered 
when limb leads are placed on the patient's 
torso (Mason-Likar lead placement).  

 

Therefore every effort should be made to 
place limb leads on the limbs.  



 



 



Obtaining the 12 Lead ECG 

ÅLimb leads should be on the limbs.   

ÅWhen emergency circumstances dictate that 
limb leads be placed on patient's torso, the 
words "LIMB LEADS ON PATIENT'S TORSO" 
should be noted on the ECG.     

 



Obtaining the 12 Lead ECG 

ÅLimb leads should be on the limbs.   

ÅWhen emergency circumstances dictate that 
limb leads be placed on patient's torso, the 
words "LIMB LEADS ON PATIENT'S TORSO" 
should be noted on the ECG.  

ïHowever in the field, it may not be possible or 
practical to put limb leads on limbs!      

 



Limb leads ς field ECG 

 



Remember this . . .  

ÅWhite to the Right 

ÅSmoke over Fire 

ÅGreen Grass below the White Clouds 



 



 



 



 



 



Leads V1 & V2 on 12 Lead ECG: 

ÅProper lead placement of precordial Leads V1 
and V2 are 4th intercostal space on opposite 
sides of the sternum.  

ÅIncorrect placement of Leads V1 and V2 will 
result in:  reduction of R wave amplitude 
(resulting in poor R wave progression) 
leading to misdiagnosis of previous anterior / 
septal infarction.   



 



Obtaining the 12 Lead ECG, etc 

ÅPatient should lay as flat as possible 

ÅLŦ ȅƻǳ ǎŜŜ ǘƻƻ ƳǳŎƘ άŀǊǘƛŦŀŎǘέ ƻƴ ǘƘŜ 9/DΣ ȅƻǳ 
Ƴŀȅ ƘŀǾŜ ǘƻ ŎƻŀŎƘ ǇŀǘƛŜƴǘ ǘƻ άǊŜƭŀȄ ŀƭƭ ƻŦ ȅƻǳǊ 
ƳǳǎŎƭŜǎέ Φ Φ Φ 

ïArms 

ïLegs  

ïChest 

ïAbdomen,  etc. 



To help you understand 
what part of the heart each 

lead of a 12 Lead ECG  
άǎŜŜǎέ Φ Φ Φ Φ  







What each of the 12 
[ŜŀŘǎ άǎŜŜǎΣέ ƛƴ ƳƻǊŜ 

detail . . . .  



 



 





 









A 12 Lead ECG  
sees MOST of the Heart, 

but it has some 
BLIND SPOTS !!  . . . . 



THE 12  LEAD  ECG HAS  TWO  MAJOR BLIND  SPOTS . .  



Regarding the POSTERIOR WALL, 
the Standard 12 Lead will give you 
ǎƻƳŜ  άƎƻƻŘ ŎƭǳŜǎέ ǘƘŀǘ ǘƘŜǊŜΩǎ ŀ 
PROBLEM by displaying what we 
Ŏŀƭƭ άRECIPROCAL CHANGESέΧΦƪƛƴŘ 
ƻŦ ƭƛƪŜ ǎŜŜƛƴƎ άǊŜŦƭŜŎǘŜŘ ŎƘŀƴƎŜǎέ ƛƴ 

ŀ ƳƛǊǊƻǊΧΧΧ 









ST DEPRESSION can be from any other these  conditions: 



THE 12  LEAD  ECG HAS  TWO  MAJOR BLIND  SPOTS . .  



THE  18  LEAD  ECG COVERS   THE ENTIRE  HEART . .  



To do 18 Lead ECG with 12 Lead machine ï after you 

obtain 12 Lead, reposition CHEST LEADS to this 

configuration, then print !  



RIGHT SIDED ECG is indicated 

whenever you see INFERIOR WALL 

STEMI  !! 



POSTERIOR ECG is indicated 

whenever you see  ST DEPRESSION 

In Leads 

V1-V4 



ST Depression in V1 ς V4 . . . .  



INDICATIONS for 18 

Lead ECG include:  
 

- INFERIOR WALL MI  

F Right sided ECG 
 

- ST Depression V1 -V4 

F Posterior ECG 



Practical application of  
18 Lead ECGs  

is presented in the 
CASE STUDIES 

section of this curriculum.    



Before we go  
any farther,  
you should  
know . . .  



Sometimes,  
ECGs 

LIE to us !  



ECGs and USED CAR SALESMEN 
often have MUCH in common ! 



 



NORMAL  
 ECG. 

But . . . . . 

LETHAL 

TRIPLE  

VESSEL 

DISEASE 

PROBLEMS   WITH 
SENSITIVITY . . .  



PROBLEMS  WITH  SPECIFICITY  .  .  .  



PROBLEMS  WITH  SPECIFICITY  .  .  .  





Patient: 
 
ÅAsymptomatic 
ÅTroponin normal 
ÅCardiac Cath 

angiography = 
άƴƻ ƻōǎǘǊǳŎǘƛǾŜ 
/!5Φέ   

ÅDischarge 
diagnosis:  

EARLY REPOLARIZATION.  This degree of ST Elevation in 
early repolarization is VERY RARE:  The only such ECG I 
have seen in approximately 13,000 cardiac 
catheterizations.     



5ŜǎǇƛǘŜ ǘƘŜ 9/DΩǎ ǇǊƻōƭŜƳŀǘƛŎ  
issues with 

Lack of Sensitivity 
&  

Lack of Specificity,   
The 12 Lead ECG remains  

one of our QUICKEST, most cost-
efficient front-line Triage Tools 

that we have today.    



So how do we know when the ECG is 
telling us the truth ???  



 
 
 
 
 



ÅIn the hospital we 
utilize ACS Risk 
Stratification tools 
ς such as The 
HEART Score.  We 
also have 
Troponins,  Echo, 
CT and Cardiac 
Cath.  In the field, 
you have far fewer 
resources!! 



ÅWhat do you have 
in the field?  
ïSymptoms 

ïRisk Factors 

ïECG 

ïPhysical Exam 





¸ƻǳ ŀǊǊƛǾŜ ŀǘ ŀ ǇŀǘƛŜƴǘΩǎ ǊŜǎƛŘŜƴŎŜΦ  
¢ƘŜ ǎŎŜƴŜ ƛǎ ǎŀŦŜΣ ŀƴŘ ȅƻǳΩǊŜ ƭŜŘ 

into the living room by the 
ǇŀǘƛŜƴǘΩǎ ŘŀǳƎƘǘŜǊ Φ Φ Φ  

The instant you see the patient, you assess for: 

ïCAB  (pulse, breathing) the patient is awake, to you 
know he has a pulse and you see him breathing 

ïShock Assessment . . . .  







 FAIL  the  SHOCK  SURVEY ? 
 

 F   RAPIDLY  FIND   AND  TREAT   

  THE  ROOT  CAUSE . . .   WORK  TO  
RAPIDLY  IDENTIFY            THE  CAUSE  
OF  SHOCK. 

 
 







CHIEF  COMPLAINT 

KEY  WORDS: 
 
ά/I9{¢Υ   t!Lb κ I9!±Lb9{{ κ tw9{{¦w9κ 
C¦bb¸ C99[LbD LbΣέ  ŜǘŎΦ 
 
SHORTNESS  BREATH  
 
DIZZINESS / LIGHTHEADEDNESS 
 
ETC.  ETC.  ETC. 







BEWARE  of  the patient with  

ñINTERMITTENT  CHEST  PAINò . . . .    M 



ATYPICAL SYMPTOMS of ACS  

 

  

             ? ? ?  
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Physical Exam ς Clues of MI: 

ÅSkin may be PALE, CLAMMY 

ÅSWEATING !  (Diaphoresis) 

ÅClutching /Rubbing chest 

ÅBP can be high, normal or low  

Å!ƴȄƛŜǘȅ κ άƭƻƻƪ ƻŦ ƛƳǇŜƴŘƛƴƎ ŘƻƻƳΦέ   





о ƻǊ ƳƻǊŜ ƳŀƧƻǊ wL{Y C!/¢hw{ ƎŜǘǎ ȅƻǳ ŀ άŎƘŜŎƪƳŀǊƪέ ƛƴ ǘƘŜ wL{Y C!/¢hw ōƻȄΗ 





Here is the HEART 
{ŎƻǊŜΗ   [ŜǘΩǎ ǎŜŜ 
what the score is 
for our patient 
with the NORMAL 
9/D ΧΦǿƘƻ ƘŀŘ 
Critical Triple 
Vessel Disease and 
needed STAT 

Bypass Surgery! .... 



NORMAL  
 ECG. 

But . . . . . 

LETHAL 

TRIPLE  

VESSEL 

DISEASE 

PROBLEMS   WITH 
SENSITIVITY . . .  



H = chest pain     =  2 
 

E =  ECG normal  =  0 
 

A =  63   =  1 
 

R =  3 risk factors  =  2 
 

T =  Trop. NL  =  0 

HEART Score:  =  5 



 





Some Basic Vocabulary:  
ÅIschemia = Inadequate blood supply to cells, 

but cells are still getting blood.  Cellular 
Oxygen Demand is HIGHER than the Oxygen 
Supply.   

ÅInfarction = blood supply to cells has been cut 
off.  Cells are no longer receiving oxygen or 
glucose.  Cells survive by consuming available 
glycogen reserves, convert to ANAEROBIC 
metabolism.   Unless blood supply is restored, 
cells die when glycogen reserves are depleted.   



Some Basic Vocabulary:  

ÅAcute Coronary Syndrome (ACS) is made up 
of the following cardiac conditions: 

ïUnstable Angina   

ïNon-ST Segment Elevation Myocardial Infarction 
(NSTEMI) 

ïST Segment Elevation Myocardial Infarction 
(STEMI)   

 

ÅLow Risk Chest Pain 

 



Unstable Angina 

 



Non-STEMI  (NSTEMI) 

Non-ST Segment Elevation Myocardial Infarction. 

άǎǳō-ŜƴŘƻŎŀǊŘƛŀƭ aLέ Φ . .  άǇŀǊǘƛŀƭ ǿŀƭƭ ǘƘƛŎƪƴŜǎǎέ 



Non-STEMI  (NSTEMI) 

Non-ST Segment Elevation Myocardial Infarction. 

άǎǳō-ŜƴŘƻŎŀǊŘƛŀƭ aLέ Φ Φ Φ  άǇŀǊǘƛŀƭ ǿŀƭƭ ǘƘƛŎƪƴŜǎǎέ   

The 12 Lead ECG may show: 
- ST Depression 
- Other ST Segment changes 
- Inverted T wave 
- THE ECG MAY BE TOTALLY NORMAL.   



Non-STEMI  (NSTEMI) 

Non-ST Segment Elevation Myocardial Infarction. 

άǎǳō-ŜƴŘƻŎŀǊŘƛŀƭ aLέ Φ Φ .  άǇŀǊǘƛŀƭ ǿŀƭƭ ǘƘƛŎƪƴŜǎǎέ  

¢Ƙƛǎ ƛǎ ŀ άtŀǊǘƛŀƭ ²ŀƭƭ ¢ƘƛŎƪƴŜǎǎέ aLΣ ƘŜŀǊǘ 
cells are dying, and the Troponin becomes 
ŘŜǘŜŎǘŀōƭŜ ƛƴ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ōƭƻƻŘǎǘǊŜŀƳΦ    
¦ǎǳŀƭƭȅ άƭŜǎǎ ǎŜǾŜǊŜέ ǘƘŀƴ ŀ {¢9aLΣ ǇŀǘƛŜƴǘ 
needs blood thinners and to get to the cath 
lab in 24-48 hours.   



STEMI 

ÅST Segment Elevation Myocardial Infarction.  



Non-STEMI  (NSTEMI) 

ST Segment Elevation Myocardial Infarction. 

όάŦǳƭƭ-ǿŀƭƭ ǘƘƛŎƪƴŜǎǎΣέ ¢ǊŀƴǎƳǳǊŀƭ ŜǾŜƴǘύ 

This is a life-threatening emergency.  Part of 
ǘƘŜ ǇŀǘƛŜƴǘΩǎ ƘŜŀǊǘ ƛǎ ŘȅƛƴƎΦ   .ƭƻƻŘ Ŧƭƻǿ Ƴǳǎǘ 
be restored within 90 minutes or less in order 
to preserve heart muscle.     Based on the 
region of the heart affected, critical and often 
lethal complications may rapidly develop.   



A quick review of some very basic 
ECG concepts: 

ÅWhen you turn on the ECG machine, it 
ŘŜŦŀǳƭǘǎ ǘƻ ƴƻǊƳŀƭ ǾŀƭǳŜǎΧΦΦ 

ïRecords at 25mm/ second (horizontal axis) 

ï!ƳǇƭƛǘǳŘŜ όǾŜǊǘƛŎŀƭ ŀȄƛǎύ ƛǎ ǎŜǘ ǎƻ ά м ƳǾ Ґ мл ǎƳŀƭƭ 
όмƳƳύ ōƻȄŜǎΦέ   

 







P  WAVE =  
ATRIAL   

DEPOLARIZATION 

 

 

 

QRS  COMPLEX = 
VENTRICULAR 

DEPOLARIZATION 

(contracting)   

 

 

T  WAVE  = 
VENTRICULAR  

REPOLARIZATION 

(recharging)  



Q:    To evaluate the patient for ischemia 
or infarction, what part of the ECG do we 
look at?  



Q:    To evaluate the patient for ischemia 
or infarction, what part of the ECG do we 
look at?  

A:   We evaluate the  
Å J Points 
Å ST Segments & 
Å T Waves  
ΧΧΧΧΧΧΧΧΧΦΦ ƛƴ ŜŀŎƘ ƭŜŀŘ Η  



Evaluating the ECG for ACS: 

 



  Patients with Normal Width QRS  

(QRSd < 120ms)   

Evaluating the ECG for ACS: 



Q: Why is QRS width an issue 
when we look at J Points, ST 

Segments and T Waves?? 



Q: Why is QRS width an issue 
when we look at J Points, ST 

Segments and T Waves?? 

A: When the QRS is abnormally 
wide (> 120ms), it ALTERS the J 

Points, ST Segements and T Waves. 



Defining NORMAL ς QRS <120ms:  

 











Φ Φ ΦǘƘŜ άŦƭŀǘ ƭƛƴŜέ ōŜǘǿŜŜƴ 9/D ŎƻƳǇƭŜȄŜǎΣ 
when there is no detectable electrical 

activity . . . 



The Isoelectric Line -  
ƛǘΩǎ ƴƻǘ ŀƭǿŀȅǎ ƛǎƻŜƭŜŎǘǊƛŎ Η 

 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjt9-zH-bjgAhWwTt8KHXOuAmkQjRx6BAgBEAU&url=https://www.aclsmedicaltraining.com/blog/guide-to-understanding-ecg-artifact/&psig=AOvVaw1J4TUY_QecWnYSb3IFziYR&ust=1550155311675809


 



Use the P-Q junction as a reference 
point for measuring the J Point and 

ST-{ŜƎƳŜƴǘ ǿƘŜƴ άiso-electric line is   

not iso-
ŜƭŜŎǘǊƛŎ Ηέ 



Defining NORMAL:  





 













Normal Variants: 
T Wave Inversion 





The next slide shows an ECG 
waveform with normal  J Points, ST 
{ŜƎƳŜƴǘǎ ŀƴŘ ¢ ǿŀǾŜǎΧΧ 

¢ILbY hC ¢IL{ !{ ¸h¦w άa9!{¦wLbD 
{¢L/Yέ ƻŦ ǿƘŀǘ bhwa![ ƛǎ ΗΗΗ 



Patients with normal QRS duration 
( QRS < 120 ms ) : 

 



Q:  If the previous slide showed 
what normal  J Points, ST 
Segments and T waves look 
like, what is ABNORMAL ? 



Q:  If the previous slide showed 
what normal  J Points, ST 
Segments and T waves look 
like, what is ABNORMAL ? 

A:  EVERYTHING ELSE !!! 



Up Next: 
 

ECG Indicators of 
ABNORMAL PERFUSION 

(possible ischemia / infarction) 
in Patients with  

Normal Width  QRS Complexes 
(QRS duration < 120 ms)  





 



Some less common, less reliable 
possible indicators of ACS:   



[9¢Ω{ {¢!w¢ I9w9 Φ Φ Φ Φ 









WHEN EVALUATING   
for   
ST  SEGMENT  
 ELEVATION . . . . . . . . . . . . .    

From:   
AMERICAN HEART ASSOCIATION   
ACLS  2005  REVISIONS 









ECG  COMPUTER  DOES  NOT  NOTICE  THE  CONVEX  J-T  APEX  SEGMENTS  !   




