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Selection of pacemaker mode and proper interpretations of pacemaker electrocardiogram
(ECG) are very important and essential in medical practice. A short practical and yet
comprehensive book with basic electrophysiological principles, pacemaker design, and
interpretation of pacemaker ECG are urgently needed.

Dr. Bolin Cai came to Columbia University Medical Center and began his research in
cardiology in 1991. Besides doing research, he has accumulated an extensive experience in
Holter monitor scanning and interpretation. Dr. Cai wrote this book “Electrophysiology and
Interpretation of Pacemaker ECG”, dedicated not only to people who wish to learn or review
quickly the basics of pacemaker ECG, but also to people who wish to acquire the ability to
interpret the complex strips of pacemaker ECG. The latter is further aided by providing the
exercise sessions of sample interpretations to the readers. Furthermore, the book emphasizes the
simplicity rather than the complexity of pacemaker ECG. This is achieved by giving the readers
only those essential concepts that are needed to make interpretations.

This book allows health care professionals including physicians, nurses, physician
assistants, and paramedics, who are interested in learning basics and interpretations of
pacemaker ECG including its normal and abnormal functions. Readers are expected to grasp the

necessary skills to become a proficient interpreter of pacemaker ECG.

Kung-Ming, Jan, M.D., Ph.D.
Associate Professor

Division of Cardiology

College of Physicians & Surgeons
Columbia University

New York, NY
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Chapter 1 Basic Principles of Pacing
o5 15 GEPFRREP]

The aim of this chapter is to give sufficient background and information about cardiac
pacemakers to allow interpretation of ECGs and telemetry strips of normal pacemaker behavior; to
understand the indications and utility of a cardiac pacemaker; to be familiar with the coding system
by which pacemaker modes are determined; to know what a paced ECG looks like and to be
familiar with the different types of emergency pacing.

A GAERMIA R AR A AN, DUEfFRE AL O A, RO, TR SR RN
B NAIE, ARSI R g SRR, RS AR R SUR R A0 A .

— ., What's the pacemaker
T A2iciHE3

A pacemaker refers a medical artificial device which delivers electrical impulses through
electrodes to stimulate the heart in order to regulate its rate and rhythm. It is primarily used to treat
severe bradycardia resulted from abnormal sinoatrial node function or impaired or absent
conduction through the atrioventricular node. Modern artificial pacemakers are programmable
externally and selectable modes for the individual patient. A pacemaker and defibrillator can be
assembled together in a single implantable device for both pacing and defibrillation. Some employ
multiple electrodes to stimulate different positions in the heart to improve synchronization of the
cardiac chambers.

A7 AR — R N TR e, Gl v ARORE TBUBK o R 3800 o JIE AT 1 0 R e
TR T RS2 s SR b3 3 45 D e 2 T S M B0 sl 22 . AU O AR A
AR AN B vk FE PR . R SR BR A T 4 2, BErERM XTI, frL
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—+ What are the working principles of a pacemaker

{0l eI SR ID IR

It is a process that a pacemaker delivers stimulus to depolarize a chamber or inhibits
stimulation according to the indications controlled by its sensor. A single chamber pacemaker may
deliver stimulation in a fixed rate. While, a pacing chamber, sensor sensing and pacing response
constitute the working principle of a dual chamber pacemaker.

ot i, R SRS FLR SN a3 15 SR BRI R RO, il R ksie
TR T BE F ] S AR TBORIIEG T RUBSEE 48 25 PR A S PE R PO i L RGN A, DL
IR ND R

1. Pacing chambers AZIF=ZE

Where does a pacemaker pace? A pacemaker may pace either atrium or ventricle, or both. If a
pacemaker paces only one chamber, it is called single chamber pacing, which is asynchronous
pacing. If a pacemaker paces both the atrium and ventricle sequentially, it is considered
dual-chamber pacing. It is AV synchronous pacing that has physiologically superior as the atrial
contraction is restored.

AL AR AT IRAL? AR5 O, BRI . RSO, E R,
WERARFRRSE, HFEROE50%, HZOEER, REDEE, BEE.O 4,
L B AR PR

2. Sensor sensing & 4m 23 B 4n

How can a pacemaker know when the heart needs pacing? A sensor in a pacemaker is able to
sense an intrinsic cardiac activity and respond suitably, either resulting in pacing or withhold in
synchrony with the intrinsic heart rhythm.

kRSP R  A  S Ee s v S MY ) PO R s e i 2R R S S T R R E i
(I 4 S o

3. Pacing response ALH{E) L

How does a pacemaker have response to the sensing? Basically, a pacemaker responds to
sensing in two ways by which it initiates impulses.

pakeE AN E LI EINVARE- S NI s ke & 0 Ve I D ETRL D= Wasta | &L~ Vs

(1) Triggering, a pacemaker paces whenever an intrinsic or paced activity is sensed. This is
most commonly seen in a dual chamber pacing, in which the sensing of a sinus or paced P wave

triggers the ventricular lead to pace.

fi e Sz, R AR ANE SRR, R R R R LT R A,
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VR R P BRI, A0 SR .

(2) Inhibition, a pacemaker is inhibited to deliver pacing stimulus whenever an intrinsic beat
is sensed by the sensor. Inhibition is seen in both single and dual chamber pacemakers.

IS, R BRSNS R BB T, LU
R

— ., Conduction anatomy
LSRG

To understand the principles and concepts involved in cardiac pacing more thoroughly, a brief
review of the anatomy and physiology of the specialized conduction system is necessary. An
electrical impulse generated in the sinoatrial (SA) node depolarizes the atria to contract. The
impulse then congregates upon the atrioventricular (AV) node with a short period of delay and
continues spreading of the bundle branches and Purkinje’s fibers to depolarize the ventricles
(Figure 1-1) . The SA node, AV node and the His-Purkinje system are involved as the relevant
anatomy for cardiac pacing. A single chamber pacemaker of atrium or ventricle can actually be
considered to replace the SA or AV node respectively. While the AV sequential pacing, or dual
chamber pacemaker, is likely to be an AV bridge for the conduction.

DUMEAC e WA P I B, A D E B OME SR G BB . G 1325 4 Wk
WL s A2 Wi, SRIG MBS b3 4 T AR IFAHIER, 2R, His RO A B AT el 0 (K
1-1). $Epsah. FEs. Hisili B RGHMRS SO SR, O 5ee0 s il ds,
SEANAMESE G S el B 428G M SR, SRS, JURE SRR IR,

Atrial fibers

SA node Lps T4 His bundle
EE4S

LBB:ERX

BEY . LAF: R 432
LPF: A JG43 32

Left septal fibers Purkinje fibers
ERLHE HEEFLE

Figure1-1  Anatomy of the heart conduction system
E1-1 DRSS REER

<N 3



Chapter 2 Pacing Type
425 R

Pacemakers can be described for their different types according to the duration of pacing, the
chamber paced, the chamber sensed, and the response of the pacemaker to the sensed impulse as
well as polarities. Some of the more common types of pacemakers are listed here.

MR PRI F) . R AN 5, DA RO A A R R I s Y, AR P2 T 23 AT
KA, PIFIEHE HRE.

—, Temporary pacing

&5 Bl

Temporary pacing can be performed as transcutaneous pacing or transvenous pacing. The
former is also called external pacing, which is recommended for the initial stabilization of
hemodynamically significant bradycardia of all types. The procedure is performed by placing two
pacing pads on the patient’s chest, either in the anterior/lateral position or the anterior/posterior
position. The rescuer selects the pacing rate, and gradually increases the pacing current (in mA)
until electrical capture (characterized by a wide QRS complex with a tall, broad T wave on the
ECG) is achieved, with a corresponding pulse. An external pacing is an emergency procedure that
acts as a bridge until transvenous pacing or other therapies can be applied.

e B 4 ] 22 Rl B Uk S, i SRS B, T TP e s 22 I A LR 3h )
PSR B SR T B A/ BT/ S BEE, R AR . G, B R
JIE (QRS-T %KD, FFIRANAA . SN R E T, LR bR e oA Ba677 il
R .
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Alternatively, a transvenous pacing is mostly used by passing a wire through vein to either the
right atrium or right ventricle with the other end connecting to the external pacemaker. The
transvenous pacing usually functions as a bridge to permanent pacemaker placement or until there
is no longer need for a pacemaker.

MG, SELAFIKRIA O F B0 E, J)— i AN RS . kil H oy %
PR MGG BT MR, B0 ELRIA B A 2 1.

—» Permanent pacing

KAIS

Permanent pacing involves transvenous placement of electrodes inside heart chamber. After
satisfactory lodged in the heart the opposite end of the electrode lead is connected to the pacemaker

generator.

IR T bR AR TDEN, —Imik O, 5SmSRk s

— ., Unipolar pacing

L8 S W ]

Pacing stimulus or electric current delivers between the tip of the pacing lead and the shell of
the pulse generator (Figure 5-5A). In this mode, the current travels through a large area of the body
between the tip of the lead and the pulse generator, therefore, creating a large stimulus artifact on
the surface ECG(Figure 10-1A). It may stimulate electrically excitable tissue, other than the heart,
which lies in the path of the current. An example of such a tissue would be the pectoralis muscle
over which the pacemaker generator is placed.

A g TR S T 5 ikt R AR A e Z TR (&1 5-5A), TR IR T AR i
MU, e RO R B BURKIEAHME S (B 10-1A), kbl GERIFEA T LR IEE W
P A VR LN, LR il s AL (I BE LA, AR O IEA L .

. Bipolar pacing
XX et

Pacing stimulus or electric current delivers between the tip and the ring electrodes of a bipolar
pacing lead (Figure 5-5B). The pacing artifact of this mode may be very difficult to see on the

surface ECG, because the distance between the tip and the ring of the lead that delivers the current
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