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Pacemakers, Cardiac Mapping and EEG in the
Community Hospital:
a Concise Review of Background and Basic Technical Considerations

Evelyn M. Anderson and Andrew L. Carney

Introduction

In 1958, cardiac pacing represented a
surgical triumph for a catastrophic and
uncommon condition (1). Today, pacemaker
implantation is no longer rare. Ten thousand
pacemakers are implanted monthly and there
are over 225,000 pacemakers outstanding
with the lithium power source alone (2).

Moreover, application has broadened as the
capacity for cardiac rhythm analysis has
increased. Long term rhythm monitoring, in
the coronary care unit and with the
ambulatory Holter monitor, electrophysio-
logical studies and sinus node recovery time
(SNRT) (3-7) are commonly employed in
patient selection.

Diagnosis has become more specific.
Hazardous rhythm or conduction patterns
may be an indication for pacing even in the
absence of symptoms. Temporary
pacemakers are employed to protect the
patient during a period of stress and are then
removed or replaced with permanent units.

The Heart Is A Pump

The fascination for pacemakers has not
subsided. The search for a better power
source has dominated the literature of the past
decade. Miniturization, improved circuitry,
non-invasive programming and trans-
telephonic pacemaker analysis has produced
such a clutter of minutiae, it seems forgotten
that the heart is a pump: if pacing does not
improve the pumping of the heart. the patient
becomes worse and not better. The heart as a
pump is the concern of this paper.

Pacemaker Aggravation of Neurological

Symptoms

The patient who has a pacemaker implanted
to relieve syncope or bradycardia may find
himself disabled with dizziness and ataxia that

is pacemaker related. Most pacemakers are
NOT PHYSIOLOGIC and stimulate the right
ventricle (RV). RV pacing results in reduced
stroke volume by the loss of the atrial
contribution and by mitral and tricuspid
insufficiency (8-10). When the cardiac reserve
is adequate, RV pacing may be well tolerated.
but it can be catastrophic (11) or bizarre (12)
but more commonly worsens the neurological
status of the patient, especially vertebral
basilar symptoms (13). When this occurs.
physiologic pacing may resolve the problem.
An introduction to basic background
information and technical considerations
follows.

Conduction System of the Heart

Normally, the sinus node high in the right
atrium (RA) (Fig. 1) initiates the impulse which
spreads to the atria and the A-V node, down
the Bundle of His to the right and left bundie
branches which result in synchronized
chamber contraction. The atria contract and
lill the ventricles; the papillary muscles
contract. close and stabilize the A-V valves
{mitral and tricuspid) before the ventricles
contraci.

Physiologic Pacing — Not Popular

Transvenous RV pacing is the most popular
because itis the easiest to accomplish, has the
lowest morbidity and mortality and employs
the most reliable components with the fewest
technical problems. But RV pacing results in
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Sinus Node A-V Node

Cardiac Conduction System

Figure 1. CONDUCTION SYSTEM OF THE HEART
Normaily. the stimulating mpulse
originates in the sinus node of the right
atrium, proceeds to the AV node and down
the Bundle of His to the right and left
bundie branches.

the LEAST improvement of cardiac output
and often significantly reduces it (8-10).

Right Ventricular Pacing (RV)

The right ventricle is stimulated and the
impulse radiates from that point. [f the
conduction system is intact, the impulse
travels retrograde to the atria causing late
contraction. If complete heart block exists,
this does not occur. Not only does RV pacing
lose the atrial contribution, but the ventricular
contraction may occur before the A-V valves
are fully closed permitting regurgitation. The
net result is a reduction of stroke cutput (8-
10).

Evolving Pacemaker Technology

Demand pacemakers which are inhibited by
spontaneous cardiac activity have largely
replaced fixed rate pacemakers because of
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the high mortality associated with competing
rhythms. Programmable units which permit
variation of rate and other parameters have as
their objectives optimal hemodynamic
response and minimal battery depletion (14).

Atrial Pacing — Physiologic Pacing

Arterial pacing simulates normal sinus
rhythm (Fig. 2,5). If the conduction system is
not intact, then the ventricle must also be
stimulated. Three basic types of pacemakers
are available which attempt to utilize the atrial
contribution:
1. ATRIAL — Stimulates only the atrium,
usually the right atrium and is followed by a
normally conducted ventricular contraction
(Fig's. 2,5). Usually the atrium is sensed (15).
2. ATRIAL SYNCHRONQUS — Senses the
atrial contraction and after a time interval
always stimulates the ventricle. Useful in the
presence of heart block but atrial arrhythmia
has necessitated emergency removal.
3. A-V SEQUENTIAL — Senses the ventricle
and stimulates the atrium and ventricle in
succession. Only the ventricular contraction
inactivates the pacemaker (Fig. 2.5). Despite
the wide acceptance of the desirability of atrial
pacing less than one percent of pacemakers
implanted are of the physiologic type (16).

Experience With Atrial and AV Sequential
Pacing

The hemodynamic improvement with AV
sequential pacing for heart block
complicating acute myocardial infarction has
been well documented (17). but it is rarely
used. The greatest use of atrial and AV
sequential pacing has been in cardiac surgery
where easy access to the atria simplifies
electrode placement and where external
programmable pacemakers can accomodate
to a large variety of conditions. Here diagnosis
and treatment of arrhythmia (18-20) and
improved hemodynamic status has been
documented (21,22). But even here. the
difficulties encountered have been such that
only recently has TEMPORARY atrial pacing
developed a strong following. The difficulties,
common to both temporary and permanent
pacing arerelated to 1. the pacemaker.2 tre
electrode and 3. the pacing site.

1. The Pacemaker
Atrial or A-V pacing may be temporary or
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Figure 2. RIGHT ATRIAL AND A-V SEQUENTIAL PACING

Right Atrial Pacing - The atriai pacemaker artifact preceeds the P-wave and is foliowed by a
normaily conducted QRS complex.

A-V Sequential Pacing - The atrial pacemaker artifact preceeds the P-wave and the higher
voltage ventricular pacemaker artifact triggers the distorted QRS charactensuc of RV pacing

permanent. Temporary pacing is commonly
employed following cardiac surgery (18-22).
myocardial infarction (17), in the
catheterization laboratory (23) and for the
control of tachyarrhythmias (19). The atrial
electrogram (AEG) facilitates diagnosis and
treatment of arrhythmia (18,19.20). The
objectives are to achieve the optimum cardiac
output (4,10,17), to stress the heart (23), to
suppress tachyarrhythmia (5,18,19) and to
determine the sinus node recovery lime (6).
Permanent pacemakers may be for
intermittant use as with rapid atrial stimulation
(to 300 bpm) for control of tachyarrhythmia
(24) or for constant demand operation to
achieve optimal cardiac output (22).

Flexibility — A Necessity

External programmable units have been
long employed for temporary pacing. Initial
permanent atrial and AV pacemakers were not
programmable and implantation of these units

required the selection of optimal rate and
mode PRIOR to surgery and they could not be
changed without further surgery (4).
Unfortunately, the needs of the patient may
change from day to day and from year to year.
A programmable pacemaker permits the
selection of optimal pacing rate and mode
AFTER implantation.

New Pacemaker in Clinical Evaluation

The A-V sequential pacemaker, Medtronic
5992, holds promise. It may function in the
standby mode, or it can pace the atrium or the
atrium and ventricle in sequence or the right
ventricle alone (Fig.5). The interval between
the impulse to the atrium and to the ventricie
as well as the rate can be varied by an external
radiofrequency coupled electromagnetic
device AFTER beingimplanted. This flexibility
permits optimal physiologic pacing under a
wide vanety of conditions.
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Figure 3. RIGHT VENTRICULAR PACING

The ventricular pacemaker artifact is closely associated with a distorted QRS complex which

pervades and distorts the entire EEG.

2. The Atrial Electrode
Transvenous Route

A prime difficulty has been the high degree
of skill required to position and maintain
electrode position. The J-shaped electrode
was developed to hook into the right atrium
when passed transvenously; because
dislodgment was problem, tines were added
(Fig. 4A) and favorable reports have followed
(25). Both atrial and ventricular electrodes are
required for atrial synchronous and AV
sequential pacing. Two veins, then, must be
sacrificed, for if one vein is used for two
electrodes, dislodgment of the first electrode
often results from the manipulation of the
second (22).

Surgical Approach

Steel wires have routinely been affixed to
the ventricle following open heart surgery for
years. Temporary post-operative atrial pacing
(18.19,21) employs these same wires and the
first attempt at permanent atrial pacing
employed electrodes of this type (4).

The Atrial Pinch-On Electrode (Figure 4B),
still in clinical evaluation may prove to be a
significant development, for prior to it, there
has been NO SATISFACTORY PERMANENT
ELECTRODE available for surgical
ptacement. This electrode permits the atrium
to be paced at any accessible site with
precision, security and minimal trauma.

3. The Pacing Site
Pacemaker Function and Pacing Site

Pacemaker sensing is critical for
performance reliability and is dependent upon
the electrical potential and the area of the
electrode in contact with the tissue (14,26,27).
Low pacing thresholds permit long battery life
by reducing current drain. Pacing thresholds
will vary with the surface area of the electrode,
duration of the stimulus, wave configuration,
type of pacing and the pacing site. Low
threshold sites may not have optimal sensing
capacity. Endocardial and epicardial sites
may be well suited for either pacing or sensing
or both, but not necessarily both.
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