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• Step 1:  Calculate rate.

• Step 2:  Determine regularity.

• Step 3:  Assess the P waves.

• Step 4:  Determine PR interval.

• Step 5:  Determine QRS duration.

Approach ECG Analysis

(RR-P-QRS-T)

1.Rate(atrium and ventricle)
2.Rhythm
3.P & PR
4.QRS (A-MS-W, rotation)
5.ST-T

etc. QT/QTc & U



Approach EGM Analysis

Basic rhythm

EGM morphology

Atrium, His, RV

Regularity rhythm

AV relationship

EGM sequence of 
activation



A poor ground or reference connection

power conduit in the wall

wireless device communicating through WiFi

movement artifacts



Cardiac ElectroPhysiology Laboratory
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• Improved proprietary el
ectronics = high comm
on mode 
rejection ratio 
(120 dB)

• Low system noise due to advanced digital technology

• 1uV typical baseline noise

• 4uV typical smallest resolvable signal 

• Resolve the tiniest signal• Reduce environmental noise by 10X

Distortion @ 2KHz

32 kHz
• All signals are handled identically with 

high precision components to minimize noise in every 
signal combination

• Unipolar, ablate-record, pace-recording etc. 

• 32KHz sampling rate: ready for customized digital 
filters with less distortion

• 30 bits effective signal: maximize signal resolution

• 3 Tera Flops of signal processing power:  enable 
advanced algorithms

Your Next Gen EP platformHigh signal fidelity at all acquisition modes



Mac-Lab

Hemodynamic recording

CardioLab

Electrophysiology recording

ComboLab

Hemodynamics and electrophysiology 
on a single platform

ComboLab
Your hemodynamic and electrophysiology recording solution on one platform







Accelerated innovation cycles 

AltiX
BT22

AltiX
Edition

AltiX
BT21

Version 
6.0

Version 
6.8

Version 
6.9

Version 
6.9.5

Version 
6.9.6

Version  
5.x DOS

A major player in the hemodynamic and electrophysiology 
recording space for ~30 years

Pre-2000             2003                   2009                 2011 2013                   2015           2019                 2020                   Today

1st HD quality 
video distributed 
up to 9 displays

1st to have a flexible 
antivirus solution

1st to offer in-motion
and rest data encryption

1st to launch 
in-room apps for 
drive workflow

1st system to have 
integrated DFR

1st to integrate 
with ultrasound

1st system to have 
integrated FFR

1st to introduce 
Carto interface

1989: Mac-Lab 
v1.0 and Prucka 
EP system

Acquisition of 
Marquette 
Electronics and 
Prucka Engineering

1st to offer networked, 
MultiPath workflow

1st digital amplifier 
to provide 10x  
noise reduction



What is important to get an ideal EGM?
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Recording the His bundle electrogram during catheter withdrawing



ANTERIOR

POSTERIOR

RIGHT LEFT



RA

LVOT

His

LVOT

His .

LVOT

His
.

AP

LVOT

His

.

RAO LAO

V1







A
n
te

rio
r

P
o
ste

rio
r

Superior

Inferior











Electrogram recording and analyzing techniques

Pacing Clin Electrophysiol. 2019;42:1503–1516



Unipolar recordings measure an amplified version of 
voltage at a single electrode and retain both near and 
far field signal components

• Local + remote 
• Catheter orientation independent 
• Interference 
• No directionality of propagation 

Bipolar recordings measure the amplified signal 
between two unipolar electrodes which reduces 
common-mode noise and far-field signal components

Unipolar vs Bipolar

• Local 
• Catheter orientation dependant
• Reduces interference 
• Directionality of propagation 
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unipolar high-pass (30 Hz) filtered (U1 hp, U2 hp) and unipolar high-pass filtered at 0.5 Hz (U1) electrograms

Heart Rhythm, Vol 8, No 5, May 2011 



Heart Rhythm, Vol 8, No 5, May 2011 

Recordings of focal ventricular ectopy from the lateral papillary muscle. Shown from the top to bottom are ECG 
leads and recordings from the mapping catheter: bipolar (ABL1-2, ABL2-3, ABL3-4) and unipolar high-pass (30 
Hz) filtered (U1 hp, U2 hp) and unipolar high-pass filtered at 0.5 Hz (U1) electrograms



Heart Rhythm, Vol 8, No 5, May 2011 

Recordings from a patient with ventricular tachycardia (VT) due to an anterior wall myocardial infarction. 
Shown from top in each panel are ECG leads, bipolar recordings from the mapping catheter distal (ABL1-2) 
and middle (ABL 2-3) electrodes, unipolar 1 high-pass filtered at 30 Hz (U1 hp, U2 hp), and unipolar 1 signal 
with minimal high-pass filtering (U1)





Noise & Application of Filters
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Significant decrease in low-frequency signals on ABLd, with consequent improvement in signal 
quality during mapping of an antegrade accessory pathway with different high pass filter settings. 
The first 4 beats on ABLd use a high pass filter cutoff of 0.5 Hz and the remaining 2 beats use a 
(recommended) high pass filter cutoff of 30 Hz.



Baseline drift reduction on the His electrodes with high-pass filter cutoff increased from 0.05 Hz (A) to 100 Hz

only 5 Hz at a heart rate of 300 beats per minute





Take-Home Message

Acquiring and interpreting intracardiac electrograms in the noisy,

unpredictable environment of the modern EP laboratory is

fraught with difficulties; however, a combination of good

hardware and software design, careful management of noise

sources and cabling and reasoned interpretation of the

presented data allow considerable success during mapping

and ablation of cardiac arrhythmias
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