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Abstract
Objective-To compare present pacing practice

with the recommendations recently published by the
British Pacing and Electrophysiology Group and to
assess the increase in annual budget required to
implement these recommendations in a regional
cardiothoracic unit.
Design-Retrospective analysis of pacemaker

implantation for 1991 with calculation of the costs
required to implement the group's recommendations
based on average 1991 costs of the types of pacing
generators and electrode leads used.
Setting-Regional cardiothoracic unit for South

West Thames Health Authority.
Patients-433 consecutive patients receiving

permanent pacemaker generators: 76 (18%) with
sinus node disease; 270 (62%) with atrioventricular
block; 25 (6%) with both sinus node disease and
atrioventricular block; 59 (14%) with chronic atrial
fibrillation and atrioventricular block; and 3 (1%)
with carotid sinus or malignant vasovagal syn-
dromes.
Results-Only 102 (24%) patients received pace-

maker generators recommended by the British
Pacing and Electrophysiology Group; however, 355
(82%) patients were older than 65 years, and 264
(61%) were aged 75 or over. The cost ofhardware for
pacing was £462 885. Using generators as recom-
mended would have cost £810 525 for "optimal"
systems (an increase of 750/o) and £710 750 for
"alternative" systems (an increase of 540/o). These
increases would have been considerably reduced by
limiting the use of sophisticated pacing to younger
patients (aged under 75). Further savings could be
made by using the least expensive pacing models
available.
Conclusions-Implementing these recommenda-

tions should reduce morbidity related to bradyar-
rhythmia but will lead to major increases in pacing
costs. Age and patients' expected activity may be
used to select simple pacing systems and thus to
contain cost. More research is needed to determine
which patient groups will benefit most from complex
pacing systems.

Introduction
The British Pacing and Electrophysiology Group

has recently published its recommendations for pace-
maker prescription for symptomatic bradycardia.'
Its report discussed three pacing "policies": right
ventricular demand (VVI) pacing for everyone (which
was deemed inappropriate); the routine use of the most
sophisticated system appropriate for the patients'
needs (acceptable but costly); and careful prescription
along the recommendations of the report. The working
party acknowledged that a radical change in practice
would be needed in some pacing centres. Additional
funding would also be required for more widespread
use of dual chamber and rate responsive pacing
systems and their follow up. The extent of the
additional funding required is unknown but depends
on the prevalence of the different electrocardiographic
diagnostic groups (as used by the British Pacing and
Electrophysiology Group) in the general population.
Table I shows the recommended systems.
Many centres, ours included, at present use far more

single electrode ventricular (VVI) pacing systems than
is suggested by these recommendations. Although the
British Pacing and Electrophysiology Group accepted
that these systems might suffice for atrioventricular
block in the face of terminal disease or conditions that
reduce mobility (for example, previous hemiplegia),
most centres use these modes predominantly in elderly
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patients. The report did not, however, mention age as
a particular factor to be used in selecting a system. The
other major factor that has been important in the
continued use of simple single chamber systems is cost.
We investigated the prevalence of the diagnostic
groups in patients paced in our unit during 1991 and
evaluated the cost implications of these recommenda-
tions for our unit.

Patients and methods
At the beginning of 1992 we analysed the records of

all patients who had undergone pacing procedures in
our unit in 1991. All patients receiving their first
implant or a change of generator were included in the
study. Patients who received new implants relating to a
complication of a system implanted earlier in 1991
were excluded (that is, only the first implantation was
included in the analysis). From the records we deter-
mined the age and sex of the patient, the reason for
pacing, and the pacing system used.
The average costs for single chamber, single

chamber rate responsive, dual chamber, and dual
chamber rate responsive systems were calculated on
the basis of the range of systems used at our centre.
These costs were then used to determine the cost of
pacing our patients according to the British Pacing and
Electrophysiology Group's recommendations. The
costs of using the least expensive systems available to
us for all patients were also calculated. The data were
reanalysed after the patients were arbitrarily split into
two groups: an elderly group (aged 75 or over) in whom
only simple ventricular pacing would be used and a
younger group in whom pacing would be as recom-
mended by the report. The British Pacing and Electro-
physiology Group's database for 1990 and 1991 was
examined to investigate the ages of patients paced in
the United Kingdom and to ascertain the prevalence of
certain electrocardiographic diagnostic groups.

Results
During 1991, 433 patients received pacemaker

generators in our unit, 246 ofwhom (57%) were male.
The mean (SD) age was 75 (12) years, range 21-96
years. The figure shows the age of patients. The data
for our unit were compared with the data from the
British Pacing and Electrophysiology Group's register
for 1990 and 199 1. No paediatric pacing is undertaken
in our unit, and although the distribution was similar
for the register and our unit, proportionately more of
our patients were in the older age groups. In the
register 56% ofpatients were aged 75 or older compared
with 61% of our patients (difference not statistically
significant).
Table II shows the different electrocardiographic

diagnostic groups in our unit. These data cannot be
compared with the overall data in the British Pacing
and Electrophysiology Group's register, which allows
only one electrocardiographic diagnosis for each

TABLE I-Pacing miodes recommended by, the British Pacing and Electrophysiology Grouip

Optimal Alternative

Single (site) or Rate Single (site) or Rate
Diagnosis dual chamber electrode response dual chamber electrode response

Sinoatrial node disease Single (A) Yes Single (A) No
Atrioventricular block Dual No Dual No
Sinoatrial node disease plus

atrioventricular block Dual Yes Dual No
Chronic atnral fibrillation plus

atnoventricular block Single (V) Yes Single (V) No
Carotid sinus syndrome Dual No Dual No

Single (V) No
Malignant vasovagal syndrome Dual No Dual No

A=electrode positioned in right atnrum; V=electrode positioned in right ventricle.
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TABLE iI-Diagnostic groups ofpatients paced in 1991

% In
"typical"

Diagnosis No (%) of patients centre*

Sinoatrial node disease 76 (18) 25
Atrioventricular block 270 (62) 42
Sinoatrial node disease plus

atrioventricular block 25 (6) 10
Chronic atrial fibrillation plus

atrioventricular block 59 (14) 13
Carotid sinus syncope 1 (< 1) 10
Malignant vasovagal syndrome 2 (< 1)

*As found by British Pacieig and Electrophysiology Group.'

patient. Thus it was not possible to determine the
prevalence of patients with both sinus node disease and
atrioventricular block. The group's database identified
no patients as being paced for carotid sinus syndrome
or the malignant vasovagal syndrome, presumably
because they were classified as "unspecified" or some
other category. From the group's register we deter-
mined that for 1990 and 1991, 21% of patients were
paced for sinoatrial node disease, 49% were paced
because of various categories of atrioventricular block,
12% were paced for chronic atrial fibrillation or flutter
with atrioventricular block, and 18% had various other
electrocardiographic diagnoses.
Table III shows our use of each type of pacemaker

unit. Our use of dual chamber systems was 12%
overall, although it was 28% (47/169) in patients aged
under 75, compared with 3% (7/264) of those aged 75
or over. Had the group's recommendations been
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TABLE iii-Pacemakergenerators used in 1991

Unit

Pacing Single (site*) or Rate No (%) used
code dual chamber electrode response (n=433)

AAI Single (A) No 0
AAIR Single (A) Yes 1 (0 2)
VvI Single (V) No 340 (78 5)
VVIR Single (V) Yes 38 (88)
DDD Dual No 37 (8-5)
DDDR Dual Yes 17 (3-9)

*A=electrode positioned in right atrium; V=electrode positioned in right
ventricle.

TABLE iv-Average costs ofpacing systems used

Cost (£)
Total cost (£) of least

Unit Generator Electrode Total expensive system (1991)

Single chamber electrode (A or V):
No rate response 700 150 850 635
Rate response 1365 150 1515 835

Dual chamber electrodes (A and V):
No rate response 1650 350 2000 1520
Rate response 2050 350 2400 1620

A=electrode positioned in right atrium; V=electrode positioned in right ventricle.

TABLE v-Actual versus estimated costs (_) ofpacing

Costs (budget increases) using the recommendations of
British Pacing and Electrophysiology Group

Actual cost 1991 Optimal systems Altemative systems

462885 810 525 (75%) 710750 (54%)

Estimated costs using least expensive pacing systems available in 1991

332245 568 185 (71%) 538685 (62%)

followed, 298 (69%) of our patients would have
received dual chamber pacing systems, 25 of which
would have been rate responsive.

According to the guidelines, only 102 (24%) of our
patients received appropriate pacing systems. Of the
331 (76%) patients deemed to have received a sub-
optimal system, 218 (66%) were aged 75 or over. Ofthe
169 patients aged under 75, 57 (34%) were deemed to
have received appropriate systems. On reanalysis of
our data on the assumption that it was "appropriate" to
pace patients aged 75 or over with the simplest (VVI)
mode regardless of the diagnosis, 321 of 433 patients
(74%) would have received appropriate pacing
systems.
Table IV shows the average costs of the pacing

systems used in 1991. The total cost of pacing hard-
ware used for the 433 patients was £462 885. Had we
used only the least expensive model available to us for
each diagnostic group (see table IV), the costs could
have been reduced to £332 245, a saving of 28% (see
table V). Using the "optimal" recommended system in
all cases would have cost £810525, an increase of
£347 640 (75%) on our present budget. If only the least
expensive generators available had been used the extra
cost would have been £105 300, an increase of 23% on
the £462885 actually spent; this represents a 71%
increase on the £332 245 that would have been spent
had we originally used only these systems. With the
"alternative" recommended systems the cost would
have been £710750, an increase of£247 865 (54%) on
our actual expenditure. With only the cheapest
generators, the cost increase would have been £75 800
(16%) on our actual budget; this represents a 62%
increase on the £332 245 that would have been spent
had we originally used only these systems.
Hardware costs were reanalysed with the arbitrary

ruling that all patients aged 75 or over should receive a
simple ventricular system. The total hardware costs for
1991 would havebeen reduced by£12 705 to £450 180.
With the optimal recommended system for all younger

patients would have given total hardware costs of
£544 210; with the alternative systems recommended,
the total costs would have been £500 300.

Discussion
The recommendations of the British Pacing and

Electrophysiology Group form the basis for providing
patients with the most physiologically appropriate
pacing system to treat their bradyarrhythmia. In
addition, these pacing systems will minimise complica-
tions related to inappropriate pacing. These include
the pacemaker syndrome, lack of physiological heart
rate response to exercise, and spontaneous develop-
ment of atrial fibrillation and systemic emboli. The
discrepancy between these recommendations and our
pacing practice suggests that either there are pressing
reasons not to apply them to individual cases or that the
recommendations are unreasonable.

In our unit it is clear that age has been a major factor
in determining the type of system used and, in
particular, in determining the choice of the simple
ventricular systems, which are inexpensive and easy to
implant. Our data show that most of our patients are
elderly. Although their age range in 1991 was from 21
to 96 years, 82% (355) were over 65 and 61% (264) were
75 or over. Many of these patients, although not
severely infirm, have sedentary lifestyles, and unless
we are impressed by their level of activity it has not
been our policy to use dual chamber or rate responsive
units for this group. Although our data show that
proportionately more of our patients are in older age
groups than are those in the British Pacing and
Electrophysiology Group's database, the differences
are not significant. We are certainly not advocating that
age should be a sole or even major factor in determining
which pacing system should be used. It would be
inappropriate to deny many older patients the advant-
ages of more complex systems. However, considerable
cost reductions may be achieved by minimising the use
ofcomplex systems in older patients.
Another limitation of the group's recommendations

is their failure to distinguish between patients with
intermittent and with chronic bradyarrhythmia. It has
been argued that ventricular pacing, especially with
hysteresis, is a highly satisfactory mode for patients
with infrequent episodes of complete atrioventricular
block associated with symptoms.2 Similarly, this
pacing mode may not be inappropriate for patients
with sinoatrial node disease and very infrequent
symptoms; it is of note that 86% of patients with sick
sinus syndrome on the group's database between 1980
and 1989 were paced with ventricular electrodes only.3
The recommendations are, however, based on
evidence that the use of more atrial electrode or dual
chamber systems will minimise complications and
improve exercise capacity.

SINGLE ELECTRODE VENTRICULAR SYSTEMS

Several studies have shown an apparent increase in
complications in patients with sinus node disease
treated with a single electrode ventricular (VVI)
system compared with those treated with a single atrial
electrode (AAI) system.47 Although the evidence taken
overall is compelling, many of these studies are flawed.
None is a prospective randomised study, and in general
the reasons for selecting different pacing modes are not
documented or discussed. In the study by Rosenqvist
and colleagues, for example, the patients treated with a
ventricular system had bigger hearts; more had conges-
tive failure; more had valve disease; and they were
older than the patients treated with an atrial system.6
Similarly, in the study by Bianconi et al the patients
treated with a ventricular pacemaker were older and
had a longer follow up period than the group treated
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with an atrial system.5 The increased mortality and
morbidity in the patients paced ventricularly may well
relate to the underlying cardiovascular status and age
of the patient rather than the pacing system selected. It
is also interesting to note that smaller studies compar-
ing about 50 patients in each group, such as that by
Zanini and coworkersj have not shown any impact on
mortality, suggesting that many patients may have to
be paced in the "correct" mode to benefit a few. No
studies have investigated these problems in relation to
sinus node disease in patients older than 75 years, and
the reported benefits may apply more to younger
patients.
Another reason for using a venticular electrode in

patients with sinus node disease is the fear that patients
will also have underlying atrioventricular conduction
disease, although this fear should prompt the use
of dual chamber pacing modes rather than single
electrode ventricular systems on theoretical grounds.
The continued use of single electrode atrial pacing,
however, is recommended on the grounds that the
upgrade rate to dual chamber pacing is low. The
development of significant atrioventricular block has
been estimated at 0-6% a year, with about 2% of
patients requiring upgrade," although individual series
have suggested an upgrade rate of up to 4-5%/ a year or
a total of 12% of patients. Some of the variation may
well reflect the different age groups of patients studied,
as older patients are more likely to have concomitant
atrioventricular conduction disease. Some investi-
gators have reported a higher prevalence of atrio-
ventricular conduction disturbance, which may reflect
a large proportion of patients with associated cardio-
vascular abnormalities (hypertension, ischaemic heart
disease, etc) or systemic conditions such as diabetes.
Although it is accepted that complications will occur

more frequently if patients with significant atrio-
ventricular block are paced with a single electrode
ventricular system rather than with dual chamber
synchronised pacing," there is evidence to sug-
gest that it is predominantly those with retrograde
ventriculoatrial conduction who will have complica-
tions." Again, the impact of dual chamber as opposed
to ventricular pacing alone in elderly patients has not
been evaluated.

DIAGNOST'IC GROUPS

It is interesting that. the "typical" pacing popula-
tion highlighted in the British Pacing and Electro-
physiology Group's report (taken from the statistics for
City General Hospital, Stoke on Trent, 1986-9)
includes 10% with carotid sinus and malignant vaso-
vagal syndromes. Less than 1% of our patients had
these diagnoses. These differences no doubt reflect
differences in patient referral, but it is clear that an
appreciable number of patients with unexplained
syncope will suffer from these syndromes." Some of
these patients, especially those with a dominant brady-
cardiac (as opposed to vasodepressor) component will
benefit from dual chamber pacing.' Thus, should these
patients be more thoroughly investigated, especially
with tilt testing, more patients will be considered for
dual chamber pacing systems, further adding to pacing
costs. The occurrence of these syndromes in particular
age groups is, however, unknown.

COST AND OTHER IMPLICATIONS

The costs calculated for our patients on the basis of
the "optimal" recommendations show that introducing
these guidelines for all patients would have a major
impact on our budget, increasing annual hardware
costs by 7/5%. With the use of the "alternative"
systems, we would still have to increase our budget by
54%. By using the recommended systems only in a
younger age group (those aged under 75) we could

provide "complex" optimal systems in young patients
(at the expense of theoretically suboptimal systems in
elderly patients) at an increase in budget of only 18%
(not allowing for inflation). Costs could be reduced by
using only the cheapest generators available for each
diagnostic group, but if our unit had used these
generators in 1991 the British Pacing and Electro-
physiology Group's recommendations would still have
resulted in substantial cost increases. Cost differences
reflect varying degrees of sophistication of generators,
which provide theoretical and practical benefits for
certain patients, and thus it is inappropriate to
determine pacing costs based only on the least expen-
sive generators available.
The more frequent use of dual chamber systems has

certain implications other than that of cost. Staff have
to be trained to implant the atrial electrodes effectively.
These systems take longer to implant than ventricular
lead systems. Some groups advocate minimal electro-
physiological evaluation of patients with sinus node
disease (to investigate the possibility of covert atrio-
ventricular conduction disease and to assess retrograde
ventriculoatrial conduction), thus adding further to
the time needed for pacemaker implantation. This has
logistic implications for already extremely busy cardiac
catheter and pacing laboratories. We believe that these
investigations are unnecessary, and that the choice of
generator for each individual patient should be made
before taking the patient to the laboratory for pace-
maker implantation. The use of more dual chamber
systems will also increase the workload of follow up
pacing clinics.

CONCLUSIONS

Adherence to the recommendations made by the
British Pacing and Electrophysiology Group would
result in increased exercise capacity for patients and
minimisation of long term complications of pacing.
Whether these benefits apply to all age groups is not
known. In addition, the proportion of patients who
would escape disabling complications (especially pace-
maker syndrome and embolic events) is unknown.
Moreover, it is clear that giving patients more complex
systems than they receive at present will increase costs
by 50-75%. We have no reason to believe that most
large cardiothoracic units do not adhere to policies
similar to our own,41 and thus the cost implications of
the British Pacing and Electrophysiology Group's
recommendations are potentially enormous on a
national scale. It is also clear that budgets for other
cardiac services are stretched enormously, and it will
not be possible to provide the increased budget needed
for improvements in the pacing services by reducing
these other services. More research on the benefits of
complex pacing in different diagnostic and age groups
is needed, and modifications to the recommendations
may be required. However, if the present evidence is
supported and "appropriate" pacing is therefore to
become a reality additional funding will be needed.
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Abstract
Objective-To investigate the association

between use of non-steroidal anti-inflammatory
drugs and serious, acute non-infectious liver injury.
Design-Retrospective cohort study, cross over

design.
Setting-Health records from provincial database

in Saskatchewan, Canada, 1982-6.
Subjects-228 392 adults who contributed 645 456

person years. All were either using or had used non-
steroidal anti-inflammatory drugs.
Main outcome measures-Number and type of

prescriptions for non-steroidal anti-inflammatory
drugs. Admission to hospital for newly diagnosed
acute liver injury.
Results-There were 34 admissions to hospital; 16

among subjects currently using non-steroidal anti-
inflammatory drugs and 18 among subjects who were
not. The incidence rate among current users was 9
per 100000 person years (950/o confidence interval 6
to 15 per 100000 person years). Subjects currently
using non-steroidal anti-inflammatory drugs had
twice the risk ofnewly diagnosed liver injury as those
not currently taking these drugs (rate ratio 2-3; 950/o
confidence interval 1 1 to 4.9) and an excess risk of 5
per 100 000 person years. The age and sex adjusted
risk ratio was 17 (0.8 to 3.7). The strength of the
association increased when only cases with no
concomitant use of other hepatotoxic drugs were
considered (4 0; 0 9 to 19.0). The rate ratio for
people having received one to nine prescriptions was
constant. There was no increased risk with long
duration oftreatment (1.0; 0 3 to 3.5).
Conclusions-There is a small excess risk of

serious, acute non-infectious liver injury associated
with the use of non-steroidal anti-inflammatory
drugs.

Introduction
The use of non-steroidal anti-inflammatory drugs

has been associated with hepatic disorders that mimic a
range of liver diseases in patients with no previous
exposure to these drugs, ranging from clinically
asymptomatic increases in serum liver enzyme activity
to mild reversible hepatitis and in rare instances to fatal
acute fulminant hepatitis.' The main clinical symp-
toms of acute liver injury in people who take these
drugs are similar to those found in viral hepatitis-that
is, nausea, vomiting, fatigue, tenderness of the right
abdomen, loss of appetite, and jaundice. In some cases
a systemic reaction with fever, pruritus, and cutaneous
rash may be observed.
Only two epidemiological studies have specifically

studied the incidence of liver disease associated with
the use of non-steroidal anti-inflammatory drugs in a
large population.2 3In the most recent Jick et al studied
a cohort of 102 644 users and found that three of them
had been admitted to hospital for serious liver disease.3

To provide additional information on the role of non-
steroidal anti-inflammatory drugs in acute liver injury
we carried out a retrospective cohort study to evaluate
the clinical features and incidence of acute non-
infectious liver injurv serious enough to require admis-
sion to hospital (with no other documented cause) in
users of non-steroidal anti-inflammatory drugs by
using the computerised databases of Saskatchewan
Health in Canada. We also estimated the background
incidence of admission for acute liver injury in the
same population when they were not taking non-
steroidal anti-inflammatory drugs.

Subjects and methods
Over 95% of the 1 1 million residents of the province

of Saskatchewan are entitled to receive medical
benefits through the department of health.4 As a
byproduct of providing these health services, the
Saskatchewan health plan has accumulated a large
amount of medical care information on computerised
databases over the past 20 years. This includes pre-
scription data, outpatient and hospital diagnostic
information, cancer and vital statistics, and records
of special medical and supportive services. Most of
these databases may be linked by a unique patient
identifier. As a result a complete chronological profile
of prescriptions, outpatient visits, and admissions to
hospital is available for all patients included in the
health plan. The population of the province is stable
with low rates of immigration and emigration.

This study was part of a research project designed to
look at the association between concurrent use of non-
steroidal anti-inflammatory drugs and several serious
outcomes among the population from January 1982 to
December 1986.' Any member of the health plan filling
a prescription for one of five drugs (diclofenac,
indomethacin, naproxen, sulindac, and piroxicam)
entered the study population and was followed up until
admission to hospital for hepatitis, death, departure
from the health plan, or end of the study period.
The methods for classifying person time have been

presented in detail elsewhere.' Briefly, subjects were
categorised into current use of non-steroidal anti-
inflammatory drugs, which included the 60 days after a
prescription, or no current use, which included all the
remaining eligible person time of observation. Current
use was further classified according to the most recent
drug dispensed. Every prescription filled after the
patient became a study member was identified. During
the study 12 non-steroidal anti-inflammatory drugs
were available only through prescription, and aspirin
was available over the counter. Subjects could pass
back and forth between the categories of use, deter-
mined by the dates on which the drugs were dispensed.

Periods of current use of non-steroidal anti-
inflammatory drugs were categorised according to the
total preceding number of consecutive prescriptions
that is, prescriptions that followed within 90 days of
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