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Recommendations for pacemaker prescription for

symptomatic bradycardia

Report of a working party of the British Pacing and Electrophysiology Group

After the first permanent pacemaker implanta-
tion in 1958,' the initial developments in
pacemaker technology were aimed towards
more efficient pacemaker performance. The
standard mode of pacing in these early years
was single chamber ventricular stimulation
and this became established as effective life-
saving therapy.? Over the past 10 years,
however, there has been a wealth of different
features incorporated into pacemaker design,
including programmability, telemetry, and
different “modes” of pacing.>*

The British Pacing and Electrophysiology
Group (BPEG) was formed as a specialist
subgroup of the British Cardiac Society in
1976 and consists of cardiologists, technicians,
and representatives from the pacemaker manu-
facturing industry. BPEG is organised for the
purposes of scientific communication,
research, and education specifically related to
cardiac pacing and electrophysiology. The
group organises an active scientific and-
educational programme and has more than
200 members.

A working party was formed by BPEG to
establish guidelines for the use of the different
modes of cardiac pacing. The nomenclature
for pacemaker modes accepted for inter-
national use is that produced by a combined
working party of the North American Society
of Pacing and Electrophysiology (NASPE)
and the British Pacing and Electrophysiology
Group (BPEG) known as the NBG (NASPE/
BPEG generic) code.” This is a code of five
letters of which the first three are most often
used (table 1). In addition, a fourth letter R is
used if adaptive rate pacing is programmed.
In adaptive rate (or rate responsive) pacing
there is an additional sensor in the pacemaker
system that detects a physiological or semi-
physiological result of exercise or emotion and
increases the pacemaker rate on the basis of a
programmable algorithm. Sensors that are
presently successfully used in pacemakers
include activity,® respiratory rate’ and minute
ventilation,'® right ventricular pressure (dP/
dt),"! central venous temperature,’”> evoked
QT interval,’ and oxygen saturation.”
Whatever the sensor effective adaptive rate
pacing can be used independently of atrial
activity. Recently, activity sensing has been
combined with dual chamber pacing.*

The NBG code also uses a fifth letter relat-
ing to antitachycardia function which is not

Table I NBG pacemaker code

FIRST letter signifies the chamber(s) of the heart being
PACED

A (atrium)

V (ventricle)

D (atrium and ventricle)

SECOND letter indicates the chamber(s) being SENSED
(atrium)
V (ventricle)
D (atrium and ventricle)
THIRD letter indicates the MODE of sensing
1 (inhibited)
T (triggered)
D (inhibited and triggered)

discussed in this document. Each of the pac-
ing modes under discussion is described in the
Appendix.

AHA/ACC Guidelines
Over the past 30 years the clinical indications

-for pacing have increased to include a large

number of different cardiac arrhythmias. To
clarify the situation a combined working
group of the American Heart Association and
the American College of Cardiology has publ-
ished guidelines on the indications for pac-
ing."* There are three main classes of patients,
which may be summarised as follows:

Class I—Conditions in which there is gen-
eral agreement that permanent pacemakers
should be implanted. This includes syncopal
patients with complete heart block or pro-
longed sinus arrest.

Class 1I—Conditions in which permanent
pacemakers are frequently used but there is
some divergence of opinion about whether
they are needed. Included within this group
are the sick sinus syndrome patients without
syncope but with other symptoms and also
patients with symptomatic incomplete
atrioventricular block. Asymptomatic com-
plete heart block is also in this category.

Class III—Conditions in which there is
general agreement that pacemakers are not
necessary. This includes asymptomatic
patients with sinus node disease or first or
second degree atrioventricular block and
patients with unexplained syncope without
obvious cardiac arrhythmia.

BPEG Guidelines

The AHA/ACC recommendations have
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provided a logical foundation to guide
physicians considering cardiac pacing as a
treatment for their patients. There are,
however, some areas where published data
indicate that pacing should be more widely
used as a first-line therapy.

Carotid sinus syndrome” and, more
recently, malignant vasovagal syncope'® would
now qualify as firm indications for pacemaker
implantation when appropriate investigation
shows a major cardioinhibitory effect.'®!” Fur-
thermore, untreated persistent second degree
atrioventricular block, even in asymptomatic
patients, has been shown to be associated with
a reduced expectation of life. In this group of
patients prophylactic pacing restores life
expectation to normal.’® The Wenckebach
phenomenon can occur during sleep in normal
individuals with high vagal tone and these
people do not need to be considered for treat-
ment. However, those asymptomatic patients
with either Wenckebach or Mobitz II second
degree atrioventricular block occurring during
much of the day and night would qualify for
pacemaker implantation,'® as would patients
with asymptomatic complete heart block.
With these modifications, the AHA/ACC
guidelines can be used both as a clinical aid
and a basis for medical audit of the indications
for pacemaker implantation. However, recom-
mendations about the choice of pacemaker
prescription are limited.

Choice of pacemaker mode

When the choice of pacemaker mode for an
individual patient is considered, the ideal is
production of a paced cardiac rhythm with as
many features of normal sinus rhythm as
possible (table 2). The guidelines proposed in
this paper are based on an attempt to allow the
pacemaker response to behave as
physiologically as possible. This includes res-
toration of atrioventricular synchrony and/or
rate adaptive pacing wherever needed. To
achieve this ideal, detailed information of the
underlying cardiac rhythm should be obtained
before or during pacemaker implantation. The
following features should be considered.

ATRIOVENTRICULAR SYNCHRONY

Pacemaker systems that maintain atrioven-
tricular synchrony with a physiological
atrioventricular interval have been shown to
increase cardiac output both at rest and on
exercise in patients with normal and impaired
left ventricular function.”® Even in the absence
of an exercise induced rate response, atrioven-
tricular synchrony reduces the number of
minor symptoms (dizziness, lethargy) that are
associated particularly with sinus node dis-
ease.”!

Table 2 General principles of pacemaker choice

(1) The ventricle should be paced if there is actual or
threatened atrioventricular block.

(2) The atrium should be paced/sensed unless
contraindicated.

(3) Rate response is not essential if the patient is inactive or
has a normal chronotropic response.

(4) Rate hysteresis may be valuable if the bradycardia is
intermittent.

RATE MODULATION

Adaptive rate (or rate responsive) pacing sig-
nificantly increases cardiac output on exercise
in patients with atrioventricular block® and
sinus node disease.” Patients treated with rate
responsive pacemakers achieve higher work-
loads and greater exercise tolerances.??

ATRIAL PACING

Evidence is accumulating of a considerable
reduction in the high spontaneous incidence of
the development of atrial fibrillation® and of
systemic emboli**** in patients with sinus node
disease treated by a pacing system that main-

tains atrioventricular synchrony.

LEFT VENTRICULAR PERFORMANCE

Spontaneous (normal) ventricular contraction
may allow better ventricular function than a
paced ventricular beat.”® Typically, the ven-
tricular pacing lead is inserted into the right
ventricle and delivery of the pacing stimulus at
this site results in the equivalent of left bundle
branch block. This causes measurable impair-
ment of left ventricular contraction which may
be of haemodynamic relevance in both normal®’
and compromised left ventricles.?

RATE HYSTERESIS

Hysteresis is a programmed feature whereby
the pacemaker paces at a faster rate than the
sensing rate. For example, pacing at 80 pulses a
minute with a hysteresis rate of 55 means that
the pacemaker will be inhibited at all rates
down to 55 beats per minute. Having been
activated at a rate below 55, the pacemaker then
switches on and paces at 80 pulses a minute.
Unless careful record is made in the patient’s
notes that hysteresis has been programmed,
pacemaker malfunction could be incorrectly
inferred.

ATRIAL ARRHYTHMIAS

The presence of atrial activity other than
chronic or frequently repetitive atrial flutter or
fibrillation generally requires an atrial
pacemaker electrode. Paroxysmal atrial arr-
hythmias are not a contraindication to atrial
pacing® or sensing in most cases, because atrial
pacing may stabilise the atrial rhythm®; in
others concomitant drug treatment may be
beneficial. In those patients with atrial
bradycardia and intact atrioventricular con-
duction, a single chamber atrial pacemaker can
be considered to be the treatment of choice.”
However, the presence of minor abnormalities
of atrioventricular conduction—for example
first degree atrioventricular block (PR interval
prolongation) or bundle branch disease with
normal atrioventricular conduction generally
suggests a need for placement of a ventricular
lead in patients with symptomatic sinoatrial
disorders.*' *

TYPES OF ARRHYTHMIAS REQUIRING PACING

Table 3 shows the percentage occurrence of
arrhythmias in a typical population of patients
with bradycardia requiring pacing.”® For the
purposes of table 3, sinus node disease includes
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Table 3 Percentage incidence of various
bradyarrhythmias in a typical pacemaker population

Arrhythmia %
Sinus node disease 25
AV block 42
Sinus node disease + AV block 10
Atrial fibrillation + AV block 13
Carotid and vasovagal syndromes 10

AV, atrioventricular.

sinus bradycardia, sinus arrest, sinoatrial
block, and the tachycardia-bradycardia syn-
dome, but does not include atrial bradyarr-
hythmias associated with carotid sinus syn-
drome or malignant vasovagal syndrome.

CAROTID SINUS AND MALIGNANT VASOVAGAL
SYNDROMES

Carotid sinus syndrome can be diagnosed in a
patient with syncope by the presence of a
positive carotid sinus massage test. The
development of either a period of asystole in
excess of three seconds, or the appearance of
atrioventricular block, during five to six
seconds of firm carotid sinus massage (not
compression) is regarded as diagnostic.'” The
test should not be performed in patients with
carotid artery bruits or documented stenosis,
after recent myocardial infarction, or if the
patient is digitalised. Variations of carotid
sinus syndrome include micturition syncope,*
cough syncope,” and deglutition syncope.*
Malignant vasovagal syncope can be demon-
strated by performing a 60° head-up tilt
test. Syncope associated with bradycardia
or hypotension or both occurs within 40
minutes.'

In patients with carotid sinus and malignant
vasovagal syndromes there are two components
to the syncope—bradycardia (cardio-
inhibition) and peripheral and splanchnic
vasodilation (vasodepression). In patients with
a pronounced vasodepressor effect, pacing is
less successful than in patients with a dominant
cardioinhibitory effect.’® If patients are suitable

Table 4 Recommended pacemaker modes

Diagnosis Optimal Alternative Inappropriate
SND AAIR AAI VVI
VDD
AVB DDD VDD AAI
DDI
SNDand AVB  DDDR DDD AAI
DDIR DDI VVI
Chronic AF VVIR VvVl AAl
with AVB DDD
VDD
CSS DDI DDD AAIl
VVI* VDD
MVVS DDI DDD AAI
VVIt
VDD

The optimal mode of pacing should be considered for most
patients. The alternative mode should be regarded as being
less satisfactory, but acceptable in some groups of patients—
for example those who are disabled by another disease, those
with very intermittent symptoms, or those who have a short
life expectancy because of another disease. When a patient
with, for example, a previous hemiplegia or with terminal
neoplasia has atrioventricular block, VVI may suffice to reduce
symptoms.

*If VVI is ever chosen for the management of carotid sinus
syndrome rate hysteresis is recommended.” Patient selection
should follow the guidelines suggested by Brignole et al.*

tSee reference.®

AVB, atrioventricular block; AF, atrial fibrillation or flutter;
MVVS, malignant vasovagal syndrome; SND, sinoatrial node
disease; CSS, carotid sinus syndrome.
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for pacing the mode of choice for carotid sinus
syndrome and malignant vasovagal syndrome
is DDLY frequently with hysteresis as an
added feature.®®

ATRIAL TRACKING PACING SYSTEMS
It is recognised that the pacing system known
universally as DDD behaves for most of the
time as a VDD system. The only difference is
the behaviour at the lower programmed rate,
where the DDD paces into the atrium and the
VDD has a back-up VVI mode. For the patient
with bradycardia that is slower than the lower
programmed rate, this may have significant
disadvantages including pacemaker syndrome.
In sinus node disease the potential benefit of
pacing the atria is not available in VDD mode.
Table 4 shows the recommended modes,
based on these principles, for patients with
all varieties of bradyarrhythmias requiring
pacing.

Complications of inappropriate mode
selection

Inappropriate pacemaker modes (table 4)
should be avoided to prevent the following
complications:

(a) Pacemaker syndrome,* which is caused
either by retrograde conduction from the ven-
tricle to the atrium or by lack of synchronous
atrioventricular activity that results in loss of
atrial transport function. Pacemaker syndrome
may cause symptoms of syncope or pre-syn-
cope as a result of retrograde conduction.*
Dyspnoea may occur where there is high pul-
monary venous pressure and low cardiac out-
put and associated mitral regurgitation
(demonstrable by Doppler echocardiography)
caused by a lack of atrioventricular syn-
chrony.” Neck pulsation may be seen when
retrograde atrioventricular conduction causes
tricuspid regurgitation or right atrial contrac-
tion against a closed tricuspid valve. The true
incidence of pacemaker syndrome is not well
defined but it is thought that 10% of patients
paced VVI have quite severe symptoms and
another 15% have a reduced quality of life as a
result.”! All these symptoms can be relieved by
a more appropriate pacing mode.

(b) Inappropriate atrial tracking of atrial
tachyarrhythmias by a DDD or VDD system.*
Atrial tachycardia, flutter, or fibrillation
produce an electrogram which can be easily
detected by the atrial sensing amplifier of the
pacemaker, which will then track this rhythm
at its upper pacing rate. Newer dual chamber
rate adaptive systems incorporate algorithms
that prevent or minimise inappropriate ven-
tricular pacing in response to atrial fibrillation.

(¢) Additional atrioventricular block in a
patient with sinus node dysfunction may not be
easily detected initially.* Normal 1:1 atrioven-
tricular conduction at atrial pacing at rates of
140 usually indicates adequate atrioventricular
nodal function. The appearance of the atrio-
ventricular Wenckebach block at slower rates
may be considered indicative of important
impairment of atrioventricular node conduc-
tion which warrants placement of a ventricular
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lead. There may be other evidence of
inadequate atrioventricular conduction from
Holter monitoring, exercise stress testing, or
His bundle electrography.

(d) Lack of physiological heart rate response
on exercise. Unrecognised sinus node dysfunc-
tion in a patient with atrioventricular block
would result in inadequate performance of an
atrial tracking (DDD) pacemaker. In addition,
there are some patients with sinus node disease
treated by atrial rate modulated pacing systems
who may develop abnormal atrioventricular
conduction on exercise® resulting in an
unusual variety of pacemaker syndrome.

Additional guidelines

The following additional guidelines are recom-
mended to enable accurate assessment of a
patient requiring pacemaker implantation:

(a) Inselected patients atrioventricular con-
duction should be assessed by Holter, carotid
sinus massage, and atrial pacing to assess the
atrioventricular Wenckebach point at the time
of implant if atrial pacing (AAI) is being
considered.

(b) Retrograde atrioventricular conduction
should be assessed by ventricular pacing if VVI
or VVIR pacing is considered. Head-up tilting
during ventricular pacing may reveal latent
symptoms.

(¢) If VDD or DDD pacing is being con-
sidered in active patients the chronotropic
response of the sinus node should be assessed
by Holter or exercise testing. If the response is
inadequate an appropriate sensor driven sys-
tem may be needed.

Consequences of increased use of dual
chamber and rate responsive pacing

COST

A VVIR unit costs about 40-50% more and a
dual chamber unit costs 40-100% more than a
multiprogrammable single chamber pace-
maker. In addition, a dual chamber system
requires two pacing leads which further
increase the cost. Rate-responsive pacing sys-
tems have a shorter battery lifetime than non-
rate responsive modes because of their overall
faster pacing rate and the inherent current
drain of the sensor.

However, pacing is cost effective in terms of
relief of symptoms, prolongation of life, and
improvement of the quality of life.°*>°
Patients with pacemakers rarely need to be
readmitted to hospital because of problems. So
a tailored pacemaker prescription that follows
the guidelines in this report will offer good value
for money.

FOLLOW UP

Patient follow up with VVIR and dual chamber
systems is .initially more complex and time
consuming. Additional programming is neces-
sary together with Holter taping and exercise
testing where required. Support staff need to
be trained. When the pacing system has been
“fine tuned” to the individual patient’s
requirements, however, subsequent follow up
is less time consuming.

COMPLICATIONS

Complex pacing systems are more susceptible
to problems. Dual chamber systems require
two endocardial leads and lead related com-
plications are therefore slightly increased.”
Inappropriate programming may also give rise
to difficulties. A badly programmed sensor may
give excessive or inadequate rate responses. It
is possible to select an inappropriate sensor
system for an individual patient—for example,
an activity sensor in a bedbound patient or a
minute-ventilation sensor in a patient with
chronic lung disease are as inappropriate as a
DDD system would be in a patient with atrial
flutter.

Which hospitals should implant and
follow up pacemakers?

Over recent years, it has been the policy of
some regional health authorities to encourage
pacemaker implantation in district general hos-
pitals. This is acceptable but it demands at least
one cardiologist fully trained in the complex
disciplines of dual chamber pacing and follow
up, together with at least one similarly trained
physiological measurement technician. Hosp-
itals with only one cardiologist would need to
make arrangements with similarly trained staff
in a neighbouring district to cover periods of
absence.

Choice of pacing system

When choosing a pacemaker system for a
patient, a physician usually adopts one of three
policies:

(@) A basic VVI system for everyone,
irrespective of need, symptoms, or electro-
cardiographic findings. This policy is clearly
inappropriate.

(b) The routine use of the most sophisticated
dual chamber rate adaptive pacemaker
(DDDR) for every patient, programmed to
match the patients’ needs. This is medically
acceptable, but inappropriate on grounds of
cost.

(¢) A device that is carefully prescribed
according to the guidelines in this report. This
again is medically sound, but this policy
requires thorough assessment of the patient
before pacemaker implantation and meticulous
follow up.

This working party of BPEG recommends
that selection of the appropriate pacemaker
mode should follow the basic principles and
guidelines discussed above. This will require a
fairly radical change of practice in some
pacemaker centres in the United Kingdom and
additional funding for the more complex
pacemaker systems and their subsequent
follow up.
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