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Abstract

Objective: to investigate the clinical management of heart disease and determine whether there was age- and
sex-related bias in the use of investigations and interventions.
Design: retrospective analysis of individual patient records against criteria of appropriateness based on published
guidelines, clinical practice and literature relevant to the 1996–7 study period.
Setting: a single, district general hospital in London, serving a population of 185 000 people.
Subjects: general medical, elderly medical, and cardiology inpatients and patients attending elderly medical and
cardiology outpatient clinics as new referrals between 1 April 1996 and 31 March 1997.
Results: we located case notes of 1790 of the 1975 subjects eligible for the study: 911 (51%) were outpatients
and 51% were men. Patients aged -75 were significantly more likely than patients aged 075 years to be given
thrombolysis after an acute myocardial infarction, to be given secondary prevention with aspirin and b-blockers, to
undergo exercise testing and coronary angiography, and to receive an echocardiogram. Men were also significantly more
likely than women to have these investigations and interventions as well as to receive an angiotensin-converting enzyme
inhibitor when left ventricular dysfunction was identified. Investigations and interventions were underused at all ages.
Conclusion: as well as identifying age and sex bias, we found the underuse of investigations and interventions in
all age groups in this district general hospital. Should similar patterns of care be found elsewhere, the delivery of
high-quality care in an equitable manner (as identified by the National Service Framework for coronary heart disease)
may require considerably more resources than have been allocated.
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Introduction

The United Kingdom government has indicated that
‘‘in a National Health Service there must be a guarantee
of excellence for all patients’’ and ‘‘high quality care
should be the right for every patient in the NHS’’ [1].
These aims for heart disease have resulted in the
National Service Framework for coronary heart disease
[2]. This outlines the provision of effective clinical
investigations necessary to establish diagnoses and

identify modifiable risks, the application of inter-
ventions to prevent death and morbidity, and, where
events have occurred, the provision of secondary
prevention measures. The delivery of care should be in
an equitable manner, regardless of age, sex or ethnicity.

To date, high-quality cardiology services have not
been delivered and access has not been equitable. For
example, older patients are not referred by general
practitioners for investigation of angina, women have
not received thrombolysis after myocardial infarction and
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economically inactive people and older patients have not
had fair access to angiography and other intervention
services [3–7].

Resources available for investigations and interven-
tions are finite. The use of guidelines can target those
patients most likely to benefit from investigation and inter-
vention. They also help to identify those patients who,
having fulfilled specified criteria, do not subsequently
receive the appropriate management. The identification
of this group allows investigation of discriminatory prac-
tices and also highlights possible difficulties in financial or
service provision that must be addressed if a high-quality
service is to be delivered in an equitable manner.

The aim of our study was to investigate the clinical
management of heart disease of patients attending a
London hospital by analysing individual patient records
against explicit criteria of appropriateness.

Setting, subjects and methods

We carried out the study at a London district general
hospital serving a socially deprived population of
185 000 people. We identified eligible subjects for case
note analysis from the hospital patient information
system and included all inpatients who had a primary
diagnosis of heart disease and possible cardiac-related
symptoms (Table 1). Diagnoses and symptoms were
based on version 10 of the International Classification of
Diseases (ICD) [8] (see Appendix 1). All new patients
referred to cardiology and elderly medicine outpatient
clinics were screened manually. Obstetric patients were
excluded.

We included patients attending the hospital between
1 April 1996 and 31 March 1997. The study was carried
out retrospectively. Patients in the study were tracked
within the hospital for 12 months prospectively and
retrospectively from entry and also if they were referred
to other hospitals for procedures.

A comprehensive data extraction and coding form
was developed by the study group. We agreed appro-
priateness criteria for investigations and interventions
based on clinical practice, published guidelines and
literature relevant to the 1996–7 study period through
consensus development over the course of five meetings
of the research group.

Where appropriateness criteria were based on US
guidelines, we used only class I indications recognized

as having general agreement (to remove the more
subjective elements related to class II indications, which
could otherwise have invalidated age group compar-
isons). For exercise testing, we used the class I indication
to assess functional capacity and to aid in assessing
the prognosis of patients with known coronary artery
disease [9]. For ambulatory electrocardiography, we
used the class I to assess symptoms possibly related to
rhythm disturbances, including palpitation, syncope and
dizziness [10].

We identified patients who would have been eligible
for specified investigations or interventions by using
combinations of symptoms and investigations that had
been recorded on the data extraction forms. Contra-
indications to investigations and interventions (including
co-morbidities such as peripheral vascular disease,
cerebrovascular disease and airways disease) were
identified from data recorded on the coding forms. We
excluded subjects with contra-indications to particular
tests or treatments from statistical analyses.

Statistical analysis

Statistical analyses were carried out using SPSS 9.0
statistical package. x2 tests and x2 trend tests were used
for bivariate data analyses and differences at a minimum
level of 5% significance were highlighted. Inter-coder
reliability was validated using Cohen’s k.

Results

Eligibility, subjects and diagnoses

We identified case note numbers of 5479 patients for the
study. Of these, 1975 were eligible for inclusion. Case
notes for 1790 were traced; the remaining 185 (9.4%)
could not be located. A total of 3504 cases were found
to be ineligible for inclusion: the usual reason for
exclusion was over-inclusivity of symptoms screened for
to avoid missing eligible cardiac cases (rather than ICD
miscoding).

Table 2 shows the age and sex distribution of
subjects. The most common diagnoses were heart
failure, cardiac conduction disorders and ischaemic
heart disease (Table 3).

Other results are presented only for patients eligible
for the investigation or intervention being considered.

Table 1. Diagnoses, symptoms and signs used to
identify eligibility

Primary diagnosis

at discharge or death

Symptoms and signs relevant

to possible cardiac disease
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Ischaemic heart disease Unspecified chest pain

Acute myocardial infarction Breathlessness

Heart failure Cardiac murmur

Aortic valve disease Syncope and collapse

Cardiac conduction disorder Dizziness and giddiness

Table 2. Age and sex distribution of patients

No. (and %)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Men Women

Age, years (n=911) (n=879)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-65 483 (53) 355 (40)

065,-75 219 (24) 170 (19)

075,-80 91 (10) 92 (11)

080 118 (13) 262 (30)
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We also excluded those patients who had co-morbidity
contra-indications documented on their coding form.

Coding validation

Hospital ICD coding was validated by researcher’s ICD
coding from the notes, with good concordance at 80%
(Cohen’s k 0.67; 95% confidence interval 0.57–0.77).
Inter-coder reliability was tested on a sample of 251 case
notes and showed high levels of consistency on recorded
data.

Influence of sex and age on treatment
and investigations

Acute myocardial infarction

Of the 131 patients who had an acute myocardial
infarction, contra-indications to thrombolysis were
present in 26, to b-blockers in seven and to aspirin in
two. Table 4 shows the frequencies with which various
treatments were given. Men were more likely than
women to receive thrombolysis for the acute infarct and
subsequently to receive secondary prevention treatment.

There was a similar age bias in acute and secondary
prevention treatments when we compared patients aged
-75 with those aged 075. It appears that many patients
did not receive treatment when it was indicated.

Cardiac investigations and interventions (Table 5)

We identified no age or sex bias in the use of 24-h tape
recordings. Only 33% of those eligible by the criteria to
have a 24-h tape investigation received one.

Men and patients aged -75 were significantly more
likely than women and patients aged 075 to have an
echocardiogram. Where left ventricular dysfunction was
identified, men were significantly more likely than women
to receive an angiotensin-converting enzyme inhibitor.
Most patients who were eligible to have an echocardio-
gram or an angiotensin-converting enzyme inhibitor did
not receive the investigation or intervention.

Men and patients aged -75 were significantly more
likely than women and patients aged 075 years to
undergo an exercise tolerance test or cardiac catheriza-
tion study. Only 26% of patients meeting appropriate-
ness criteria to have an exercise test had this procedure
and only 54 (17%) of 320 who met the criteria had
cardiac catheterization.

Cholesterol testing and statin prescribing in patients
with ischaemic heart disease

As Tables 6 and 7 show, there was a decrease in
cholesterol testing with increasing age of patients. This
was significant on a x2 trend test (P-0.001). Many of
the cholesterol tests were performed in patients who,
on the basis of studies and resulting expert opinions,
would not have been considered appropriate for statin
treatment at that time [11–15].

Multiple regression analyses confirmed that the asso-
ciations with age and sex in investigations and interven-
tions reported in Tables 4–6 were independent, and

Table 3. Patients’ diagnoses by International Classifica-
tion of Diseases code

Diagnosis Code(s)

No. (and %)a

of subjects
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Heart failure I11, I42, I50, R06 546 (31)

Cardiac conduction disorder I48, R55, I44,

I45, I46, I47, I49,

R42, R00

526 (29)

Ischaemic heart disease I20, I24, I25 447 (25)

Chest pain unspecified R07 376 (21)

Acute myocardial infarction I21 131 (7)

Aortic valve disease I01, I06, I09, I35, R01 130 (7)

a Total % exceeds 100 due to multiple responses.

Table 4. Treatments given to patients with acute myocardial infarction (International Classification of Diseases code
I21), by sex and age

No. (and %) of subjects
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Sex
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age, years
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

All Men Women P-value -75 075q P-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Prescribed thrombolytic

Yes 40 (37) 30 (45) 10 (27) -0.05 33 (47) 7 (27) -0.01

No 65 (63) 37 (55) 28 (73) 37 (53) 28 (73)

Total 105 67 38 70 35

Prescribed b-blocker

Yes 56 (45) 38 (48) 18 (40) -0.01 46 (53) 10 (26) -0.01

No 68 (55) 41 (52) 27 (60) 40 (47) 28 (60)

Total 124 79 45 86 38

Prescribed aspirin

Yes 95 (74) 65 (78) 30 (65) -0.05 70 (80) 25 (59) -0.01

No 34 (26) 18 (22) 16 (35) 17 (20) 17 (41)

Total 129 83 46 87 42
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these have been reported in full in the report submitted
to the study’s funding health authority.

Discussion

To develop the appropriateness criteria for the study, we
used available cardiological guidelines that would have
influenced practice in 1996 [9, 10, 16–19]. Decisions in
cardiological practice are rarely black or white: the
clinical judgement of an individual doctor may be delib-
erately or subconsciously biased, leading to overt or
covert rationing. Attempts to rationalize biased decisions
include perceptions of frailty and the consequent inap-
propriateness for investigations or interventions, and
also the deficient evidence base in elderly patients. Studies
comparing stenting with surgery have shown favourable
outcomes with the less invasive technique for multivessel
disease. These and other technological advances suggest
that co-morbidities may be less influential on clinical
decision-making in the future [20, 21].

The evidence base for cardiological investigations
and interventions in elderly patients is sparse compared
with that for younger patients because of the failure to
include many elderly patients in many trials. However,
statins and angiotensin-converting enzyme inhibitors are
beneficial, as is bypass surgery—even in octogenarians
[22–25]. Lack of evidence does not equate to no evid-
ence. Once appropriate studies have been undertaken,
illogical age-based bias may be dispelled [26].

In this study we found that, when the same criteria
for investigations and interventions were applied at a
standard which removed much of the subjectivity of
the decision-making, there were significant age and
sex biases. These findings are consistent with those of
others investigating the influence of age and sex on the
treatment of acute myocardial infarction and secondary
prophylaxis (although in the Newham General Hospital
study of 1988–94, there was no age bias in the use of
aspirin [4, 27]). We have also confirmed significant sex
bias in the use of coronary angiography. This has been
identified before but, because of lack of clinical data, it

Table 5. Use of cardiac investigations and interventions by sex and age

No. (and %) of subjects
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Sex
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age, years
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

All Men Women P-value -75 075 P-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Exercise tolerance test

Yes 155 (26) 115 (32) 40 (17) -0.01 148 (33) 7 (5) -0.01

No 441 (74) 241 (68) 200 (83) 294 (67) 147 (95)

Total 596 356 240 442 154

Cardiac catheterization for ischaemic heart disease

Yes 54 (17) 49 (25) 5 (4) -0.001 50 (22) 4 (4) -0.01

No 266 (83) 147 (75) 119 (96) 180 (78) 86 (96)

Total 320 196 124 230 90

Echocardiogram

Yes 222 (41) 123 (46) 99 (25) -0.001 147 (48) 75 (31) -0.001

No 326 (59) 147 (54) 179 (75) 159 (52) 167 (69)

Total 548 270 278 270 278

Angiotensin-converting enzyme inhibitor for echocardiographically identified left ventricular dysfunction

Yes 94 (47) 53 (57) 41 (38) -0.05 53 (51) 41 (38) n/s

No 107 (53) 40 (43) 67 (62) 51 (49) 56 (62)

Total 201 93 108 104 97

24-h tape recording

Yes 162 (33) 66 (30) 96 (32) n/s 105 (30) 57 (33) n/s

No 359 (67) 154 (70) 205 (68) 235 (70) 124 (67)

Total 521 220 301 340 181

Table 6. Serum cholesterol tests in patients with
ischaemic heart disease (International Classification of
Diseases codes I20, I21, I24 and I25)

No. (and %) by cholesterol measurement
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age, years Yes No Total
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-65 164 (64) 94 (36) 258

065,-75 90 (60) 60 (40) 150

075,-80 25 (44) 32 (56) 57

080 26 (29) 64 (71) 90

All 305 (55) 250 (45) 555

Table 7. Statin prescribing in patients with ischaemic
heart disease (International Classification of Diseases
codes I20, I21, I24 and I25)

No. (and %)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age, years

Cholesterol, mmol/L

units Prescribed Not prescribed
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-65 05.5 66 (63) 39 (37)

-65 -5.5 31 (53) 27 (47)

-65 05.0 86 (65) 46 (35)

-80 05.0 129 (60) 86 (40)
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was not felt then to be necessarily evidence of bias [28].
The detailed collection of data on the coding forms in
this study and the application of study criteria overcome
such reservations.

The unexpected finding in this study was the
widespread under-utilization of investigations and inter-
ventions in people of all ages. This practice has major
implications for the overall standard and quality of care
that is delivered. Several explanations could account for,
or contribute to, this finding. There may have been a
deficiency in the hospital of equipment and staff needed
to carry out the investigations.

Alternatively, the clinical practices of doctors within
the hospital may have been at variance with the con-
sensus views in guidelines and may have been influenced
by perceived ease of access to investigations. For
example, a greater percentage of eligible cardiology
patients received an echocardiogram compared with
eligible general or elderly medical patients.

The introduction of the National Service Framework
for coronary heart disease should address resource or
clinician issues: there are 12 standards of care to be
delivered [2]. Agreed hospital-wide protocols for invest-
igations and management should establish standards of
care which will be audited yearly. This should ensure that
the National Service Framework eliminates discrimin-
atory practices. Although the framework refers only to
audit of the 35–74-year age group, this restriction is
reported to have been imposed to ensure consistency of
data for audit purposes. The document states that the
requirements apply to all people who may benefit,
irrespective of age.

There are weaknesses with this study. First it was
carried out at a single site. We may have identified an
National Health Service trust with a unique approach to
the use of cardiological investigations and interventions.
Secondly, the guidelines used to inform the appropriate-
ness criteria production were mainly based on US
guidelines and literature. This may not be so important,
as the National Service Framework coronary heart
disease guidelines and standards, and the guidelines
for stable angina drawn up by the Royal College of
Physicians in 1993 were informed by similar sources.
Thirdly, the missing 185 sets of notes, which comprised
-10% of eligible study subjects, were distributed across
the age range and source of entry to the study and
could have contained some patients who had been
appropriately investigated and treated.

Finally, the study relied on the information
documented in the notes, which may not have been com-
plete and may not have been sufficiently explicit in stating
why some patients were not treated or investigated.

The major strength of the study was that it was
carried out retrospectively. This ensured that clinical
practices were not influenced. Therefore, when compar-
ing individual patient records against set criteria, we can
be confident about the significance of any age and sex
biases identified.

The expectations for healthcare of tomorrow’s
elderly patients are likely to differ from those of the
current older generation: there may be less willingness
to stand aside for the young [29]. This and many other
studies show under-utilization of cardiological invest-
igations and interventions in elderly subjects. Future
demands on healthcare funding may well come as much
from the appropriate uses of known technologies as
from new developments.

Key points
. In a large London hospital, we found widespread

underuse of investigations and interventions for heart
disease in all age groups.

. Compared with those aged 75 and over, patients
under 75 were more likely to have thrombolysis,
aspirin and b-blockade after a myocardial infarction.
They were also more likely to undergo exercise
testing, angiography and echocardiography.

. Men were more likely than women to have cardiac
investigations and treatment (such as echocardiogra-
phy and angiotensin-converting enzyme inhibitors for
impaired left ventricular function).

. If similar patterns of care are found elsewhere, more
staff and money will be needed to deliver high-quality,
equitable cardiac care.
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Appendix 1 International Classification of Diseases (version 10) codes used in the study

I20 Angina pectoris I45 Other conduction disorders Q20�25 Congenital heart and valve
malformations

I21 Acute myocardial infarction I46 Cardiac arrest/sudden cardiac death R00 Abnormalities of heart
beat/palpitations

I22 Subsequent/recurrent myocardial
infarction

I47 Paroxysmal tachycardia R01 Cardiac murmurs and other
heart sounds

I23 Complications post myocardial
infarction

I48 Atrial fibrillation and flutter R06.0 Dyspnoea

I24 Other acute ischaemic heart
diseases

I49 Other cardiac arrhythmias R07.4 Chest pain, unspecified

I25 Chronic ischaemic heart disease I50 Heart failure R09.2 Cardiorespiratory arrest
I35 Aortic valve disease/stenosis I51 Complications and ill-defined heart disease R42 Dizziness and giddiness
I42 Cardiomyopathy I52 Other heart disorders in other classified

diseases
R55 Syncope and collapse

I44 Atrioventricular block and LBBB I70.0 Atherosclerosis of the aorta R57.0 Cardiogenic shock

LBBB, Left bundle branch block.
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