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Abstract

Objective To examine process of care and outcome for patients
admitted with acute myocardial infarction to hospitals in
England and Wales in relation to type of consultant care and
type of hospital.

Design Observational study of 88 782 patients admitted with
myocardial infarction during 2004-5, using records from the
national audit of myocardial infarction project (MINAP)
database.

Outcome measures Use of reperfusion treatment and
secondary prevention drugs, use of angiography, and 90 day
mortality of patients admitted under the care of cardiologists
and non-cardiologists in hospitals with and without facilities for
coronary intervention.

Findings 36% of patients were admitted under the care of a
cardiologist and 20% to a hospital with coronary interventional
facilities. Patients admitted under cardiologists had fewer
comorbidities than other patients and were more likely to have
reperfusion treatment (12 266,14 433 (85%) v 13 682/17 064
(80%)) and appropriate secondary prevention drugs. Overall,
27 431/79 374 (35%) of patients had angiography. Relatively
more patients admitted to interventional hospitals

(8167/14 661; 56%) than to other hospitals had angiography
(19 264/64 713; 30%). The adjusted risk of death by 90 days for
patients treated in interventional compared with
non-interventional hospitals was 0.93 (95% confidence interval
0.82 to 1.06). The adjusted risk of death at 90 days for patients
admitted under cardiologists compared with non-cardiologists
was 0.86 (0.81 to 0.91).

Conclusions Patients cared for by cardiologists had less
comorbidity than other patients. They were more likely to
receive proved treatments and angiography, and they had a
lower adjusted 90 day mortality. Large differences existed in the
use of angiography between interventional and
non-interventional hospitals. These findings show wide
variations in the management and outcome of patients with
myocardial infarction in England and Wales.

Introduction

The United Kingdom has few cardiologists per capita. In 2000,
the latest available comparative data, there were 12 cardiologists
per million population, the second lowest of all European coun-
tries.! A patient admitted to hospital with acute myocardial
infarction may therefore not come under the care of a cardiolo-
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gist. The subsequent involvement of a cardiologist is not routine,
and some patients with myocardial infarction have no contact
with a cardiologist throughout their hospital stay or at follow-up
after discharge” Treatment options for the care of acute
coronary ischaemic syndromes have become increasingly
complex. We therefore questioned whether management of
acute myocardial infarction provided by cardiologists and
non-cardiologists had the same outcomes.

We examined 88 782 records from the national audit of
myocardial infarction project (MINAP) database entered
between 1 January 2004 and 31 March 31 2005, to compare
treatment, use of investigations, and 90 day mortality between
patients with acute myocardial infarction who were admitted
under the immediate care of cardiologists and patients admitted
under non-cardiologists.

Methods

The development and early findings of MINAP have been
described elsewhere.” ' The project uses a dataset that allows
examination of pre-hospital and in-hospital care of all acute
coronary syndromes and is a part of the NHS data dictionary.”
The project is based on the technological platform developed by
the Central Cardiac Audit Database Group.” The primary
purpose of the project is to provide hospitals with contemporary
online analyses of their individual performance and compari-
sons with national aggregate data.

We analysed records for patients admitted between 1 January
2004 and 31 March 2005 who received a final diagnosis of myo-
cardial infarction. Patients subsequently transferred from the
admitting hospital to a hospital with facilities for coronary inter-
vention for further treatment were only counted once. We exam-
ined mortality outcome at 90 days for patients who had valid
NHS numbers linking their admission with the Office of
National Statistics.

The term “care under a cardiologist” indicates that the
patient was admitted under the direct responsibility of a
cardiologist and received care from a cardiologist and his or her
team during at least the first 24 hours of the admission. Where
care was initially under a non-cardiologist, we could not establish
the subsequent involvement of a cardiologist.

Of 230 hospitals in England and Wales, 41 had interven-
tional facilities on site at March 2004. These ranged from hospi-
tals treating only their own patients to large institutions doing
high volumes of interventions for emergency patients from
neighbouring hospitals.
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Statistical analysis

We present patients’ data as percentages and ratios of
percentages and inter-hospital variation statistics as medians and
interquartile ranges. We used binary regression methods (Stata 8
“binreg” software) to assess 90 day mortality and process
measures (reperfusion treatment, angiography, and secondary
prevention drugs) to obtain risk ratios adjusted for hospital clus-
tering and covariates. We analysed the “absence” rather than the
“presence” of some treatments to minimise constraints on risk
ratio values. The covariates comprised age (<55, 55-64, 65-74,
75-84, and 285 years), sex, smoking status, type of infarction
(presence or absence of ST elevation), and 10 comorbid
conditions—previous infarction, previous angina, treated hyper-
tension, treated hyperlipidaemia, treated heart failure, diabetes,
peripheral vascular disease, cerebrovascular disease, chronic
renal failure with creatinine >200 mmol, and chronic
obstructive pulmonary disease or asthma. We condensed comor-
bidity status into simple counts of conditions to enable the itera-
tive processes in the regression analyses to converge. We took
care not to adjust for factors that could lie on the causal pathway
between the admitting consultant and the dependent variable.’
We coded missing data for categorical variables as a response
category to maintain patient denominators.

Results

We analysed data on 88 782 patients admitted to hospital with a
diagnosis of myocardial infarction at death or discharge. Of
these, 83 599 were admitted under a cardiologist or a physician
whose specialty interest was not cardiology (non-cardiologist),
and 80% were admitted to hospitals without facilities for
coronary intervention (figure). Of 230 hospitals, 41 (18%) had
interventional facilities, with 57% of patients admitted under a
cardiologist (hospital median 69%, interquartile range 27-95%).
In 189 non-interventional hospitals, 31% of patients were admit-
ted under a cardiologist (hospital median 19%, 9-41%). Overall,
30 383 (36%) patients were admitted under a cardiologist.

Patient characteristics

Patients admitted under a cardiologist were younger, with a
median age of 69 (interquartile range 58-78) years, compared
with 73 (62-82) years for those admitted under a non-
cardiologist, and were more likely to be male, to be current
smokers, to have electrocardiographic appearances of ST
segment elevation, and to have lower comorbidity (table 1). After
stratification by age, lower rates of heart failure, diabetes,
cerebrovascular disease, chronic obstructive pulmonary disease,
and chronic renal failure (group 1 comorbidities) persisted for

patients admitted under cardiologists. We found similar rates for
the other comorbid conditions listed in table 1 (group 2 comor-
bidities). We took simple counts of group 1 (0, 1, 2 or more) and
group 2 (0, 1, 2, 3 or more) comorbidities as covariates in later
regression analyses. Of all infarctions, 33 163/83 599 (40%)
showed ST segment elevation; cardiologists cared for 15 282
(46%) of these patients. By contrast, non-cardiologists cared for
35 335 (70%) of all non-ST elevation infarctions. The association
between admitting consultant and type of infarction persisted
after age stratification.

Reperfusion treatment for ST elevation infarction

Of 33 163 patients with ST segment elevation infarction, details
of reperfusion treatment were recorded for 33 063 (99.7%). Of
these, 1566 had thrombolytic treatment before arrival in hospital
and were not included in analyses of reperfusion treatment.
Those admitted under a cardiologist were more likely to receive
reperfusion treatment—12 266,14 433 (85%), including primary
angioplasty for 1310 (9.1%), compared with 13 682/17 064
(80%) under a non-cardiologist, of whom 107 (0.6%) had
primary angioplasty. Overall, reperfusion treatment was used to
a similar degree in non-interventional hospitals—20 413,24 686
(83%) against 5535/6811 (81%) in interventional hospitals. The
risk of not receiving reperfusion treatment increased with age,
but this risk was lower in each age band for patients admitted
under a cardiologist (table 2). In both interventional and
non-interventional hospitals, the adjusted risk was lower for
patients cared for by a cardiologist—0.63 (95% confidence inter-
val 0.45 to 0.87) and 0.84 (0.74 to 0.96).

Secondary prevention drugs

We examined the use of aspirin, p blockers, statins, and
angiotensin converting enzyme inhibitors for 57 508 patients
who were discharged from the admitting hospital (we excluded
inpatient deaths, transfers to other hospitals for further
investigation, and unknown destinations). Patients in whom
treatment was considered to be contraindicated or not indicated
or was not given were analysed together. The proportion not
receiving secondary prevention drugs increased with age, but in
each age band this was lower for patients admitted under a car-
diologist (table 3). The adjusted ratios for non-use of these drugs
after admission under a cardiologist relative to a non-
cardiologist were aspirin 1.00 (95% confidence interval 0.86 to
1.15), B blockers 0.92 (0.87 to 0.97), statins 0.83 (0.71 to 0.97), and
angiotensin converting enzyme inhibitors 0.98 (0.91 to 1.06).

Use of angiography
Information on use of angiography was available for 79 374
(95%) patients. Angiography, including that done as part of the

Patients with final diagnosis of myocardial infarction (n=88 782) |

Admitted under cardiologist or non-cardiologist (n=83 599) |

Admitted under another specialty (n=3466)
Specialty unknown (n=1717)

Y

Admitted to hospitals with interventional
facilities (n=16 421; 20%)

¥

Admitted to hospitals without interventional
facilities (n=67 178; 80%)

3

Admitted under Admitted under
cardiologist non-cardiologist
(n=9294; 57%) (n=7127; 43%)

3

Admitted under Admitted under
cardiologist non-cardiologist
(n=21089; 31%) (n=46 089; 69%)

Patient cohort.
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Table 1 Patient characteristics. Values are numbers (percentages) unless stated otherwise

Cardiologist (n=30 383) Non-cardiologist (n=53 216)

Characteristic

Inter-hospital median (IQR)

Inter-hospital median (1QR)

All patients % All patients %
Age >75 years 9611/30 080 (32.0) 31 (23-38) 23 668/52 140 (45.4) 43 (35-51)
Male 20 538/30 252 (67.9) 69 (65-74) 33 256/53 065 (62.7) 64 (59-68)
Current smoker 9442/27 538 (34.3) 33 (26-40) 12 985/47 267 (27.5) 28 (23-33)
ST elevation MI 15 282/30 383 (50.3) 50 (39-68) 17 881/53 216 (33.6) 34 (25-51)
Comorbidity*
Group 1:
Heart failure 1229/25 156 (4.9) 3 (1-7) 3900/48 580 (8.0) 6 (3-11)
Diabetes 5033/28 076 (17.9) 17 (13-22) 10 109/49 079 (20.6) 20 (16-25)
Cerebrovascular disease 1863/25 632 (7.3) 6 (3-9) 4698/48 270 (9.7) 9 (6-12)
Obstructive pulmonary disease 3317/25 278 (13.1) 13 (9-16) 7567/48 584 (15.6) 15 (12-19)
Chronic renal failure 729/25 144 (2.9) 2 (0-4) 2011/48 578 (4.1) 3 (1-5)
One or more of above 9673 (31.8) 33 (26-39) 21206 (39.8) 40 (31-47)
Group 2:
Previous acute Ml 7059/29 005 (24.3) 24 (17-29) 13 644/50 743 (26.9) 26 (21-31)
Previous angina 8618/28 707 (30.0) 29 (20-35) 16 700/49 887 (33.5) 33 (26-38)
Treated hyperlipidaemia 7885/26 913 (29.3) 28 (18-40) 12 872/47 671 (27.0) 25 (18-38)
Treated hypertension 12 534/28 693 (43.7) 44 (37-50) 22 741/49 938 (45.5) 45 (38-51)
Peripheral vascular disease 1357/27 130 (5.0) 4 (1-6) 2620/48 508 (5.4) 5 (2-7)
One or more of above 11 044 (36.3) 35 (26-43) 20 502 (38.5) 38 (29-44)

IQR=interquartile range; Ml=myocardial infarction.
*Divided into two groups: in group 1, differences in frequency persisted after age stratification; in group 2, differences did not persist.

initial reperfusion strategy, was done for 27 431 (35%) patients. It
was done more often in interventional hospitals (56% v 30%)
and for patients admitted under cardiologists (44% v 30%). Use
of angiography was strongly associated with age (table 4). In
non-interventional hospitals, the overall adjusted risk ratio for

having angiography after admission under a cardiologist relative
to a non-cardiologist was 1.20 (1.07 to 1.38); in interventional
hospitals, the adjusted ratio was 1.10 (0.97 to1.25).

Table 2 Non-use of reperfusion treatment (hospital thrombolytic treatment or primary angioplasty) for patients with ST elevation infarction (n=31 497).
Values are numbers (percentages) unless stated otherwise

Interventional hospitals Non-interventional hospitals

Cardiologist Non-cardiologist Risk ratio* Cardiologist Non-cardiologist Risk ratio*

Age (years):

<55 108/1156 (9.3) 61/353 (17.3) 0.54 198/2064 (9.6) 330/2768 (11.9) 0.80

55 to 64 138/1145 (12.1) 63/365 (17.3) 0.70 240/2281 (10.5) 374/3319 (11.3) 0.93

65 to 74 1771201 (14.7) 116/482 (24.1) 0.61 390/2555 (15.3) 625/3706 (16.9) 0.91

75 to 84 225/1040 (21.6) 171/477 (35.8) 0.60 412/1996 (20.6) 956/3711 (25.8) 0.80

>85 98/308 (31.8) 105/213 (49.3) 0.65 158/558 (28.3) 503/1289 (39.0) 0.73
Age missing 9/41 (22.0) 5/30 (16.7) 1.32 14/88 (15.9) 73/351 (20.8) 0.76
Total 755/4891 (15.4) 521/1920 (27.1) 0.57 1412/9542 (14.8) 2861/15 144 (18.9) 0.78
Inter-hospital median (IQR) 1 (4-19) 25 (4-50) 13 (4-21) 18 (10-27)

IQR=interquartile range.
*For reperfusion treatment not being used for patients admitted under a cardiologist relative to patients admitted under a non-cardiologist.

Table 3 Proportions of patients who did not receive secondary prevention drugs*

Aspirin (n=55 994) B blocker (n=55 488) Statin (n=55 791) ACE inhibitor (n=55 277)

% (C) % (NC) C/NCt % (C) % (NC) C/NCt % (C) % (NC) C/NCt % (C) % (NC) C/NCt
Age (years):
<55 2.8 2.9 0.99 121 12.3 0.99 36 3.8 0.95 127 14.4 0.88
55-64 36 4.0 0.91 16.0 18.6 0.86 36 4.0 0.89 13.1 14.6 0.90
65-74 5.8 7.3 0.79 22.8 27.4 0.83 44 6.1 0.72 16.3 174 0.94
75-84 8.0 10.1 0.79 28.7 34.8 0.83 8.3 117 0.70 20.3 24.4 0.83
>85 9.8 10.1 0.96 345 44.6 0.77 17.8 28.8 0.62 30.2 35.0 0.86
Age missing 6.6 13.0 0.51 214 27.3 0.78 4.0 113 0.36 1.3 17.3 0.66
Total 5.5 (1156/ 7.6 (2663/ 0.73 214 28.6 0.75 5.9 10.4 0.56 16.7 2141 0.79
20 848) 35 146) (4423/20  (9962/34 (1220/20  (3644/34 (3452/20  (7318/34
685) 803) 796) 995) 630) 647)
Inter-hospital: median 3 (0-7) 6 (3-10) 20 27 4 (0-8) 8 (4-13) 14 (7-21) 19
(IQR) (12-29) (20-35) (12-25)

ACE=angiotensin converting enzyme; |QR=interquartile range.

*Patients for whom treatment was considered to be contraindicated or not indicated or was not given are grouped together. Patients who died in hospital, who were transferred to another
hospital, or whose discharge destination was unknown are excluded.

tRisk ratio for secondary prevention treatment not being used for patients admitted under a cardiologist (C) relative to patients admitted under a non-cardiologist (NC).
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Table 4 Use of angiography (n=79 374). Values are numbers (percentages) unless stated otherwise

Interventional hospitals

Non-interventional hospitals

Cardiologist Non-cardiologist Risk ratio* Cardiologist Non-cardiologist Risk ratio*

Age (years):

<55 1445/1773 (81.5) 600/747 (80.3) 1.01 1954/3668 (53.3) 2750/5765 (47.7) 1.12

55 to 64 1428/1854 (77.0) 74011022 (72.4) 1.06 2037/4384 (46.4) 3140/7615 (41.2) 113

65 to 74 1484/2214 (67.0) 868/1506 (57.6) 1.16 2225/5581 (39.9) 3461/10 578 (32.7) 1.22

75 to 84 845/2040 (41.4) 554/1865 (29.7) 1.39 1085/4898 (22.2) 1992/13 397 (14.9) 1.49

>85 73/555 (13.2) 57/955 (6.0) 2.20 85/1500 (5.7) 225/6114 (3.7) 1.54
Age missing 33/56 (58.9) 40/74 (54.1) 1.09 83/231 (35.9) 227/982 (23.1) 1.55
Total 5308/8492 (62.5) 2859/6169 (46.3) 1.35 7469/20 262 (36.9) 11 795/44 451 (26.5) 1.39
Inter-hospital: median (IQR) 73 (52-85) 51 (26-68) 31 (17-53) 23 (12-40)

|QR=interquartile range.

*Risk ratio of angiography being done for patients admitted under a cardiologist relative to those admitted under a non-cardiologist.

Outcome

All cause mortality at 90 days was 14.0% among 76 376 (91%)
patients with a valid NHS number. Of patients with ST elevation
infarction, 3511/29 814 (11.8%) died; of those with non-ST
elevation infarction, 7170/46 562 (15.4%) died. All cause
mortality was strongly associated with age. It was lower for
patients admitted under cardiologists, both for those with ST
elevation and non-ST elevation infarction and in both interven-
tional and non-interventional hospitals (table 5). The adjusted
risk ratio for mortality in interventional hospitals relative to non-
interventional hospitals was 0.93 (0.82 to 1.06). Adjusted 90 day
mortality risk was lower for patients admitted under a cardiolo-
gist for both ST elevation and non-ST elevation infarctions in
both interventional and non-interventional hospitals (table 6).

Discussion

In English and Welsh hospitals, most patients who had acute
myocardial infarction were admitted under the care of
non-cardiologists, and the great majority were admitted to
hospitals without facilities for coronary intervention. Patients not
admitted under a cardiologist had a substantially higher all cause
mortality during the 90 days after admission in both types of
hospital setting and after adjustment for case mix.

Patient characteristics and selection bias

For most patients who present with myocardial infarction,
immediate care, including provision of thrombolytic treatment, is
provided by clinicians in emergency departments.’ Subsequent
arrangements for care of patients with myocardial infarction
vary widely between hospitals. In 2000 care for myocardial
infarction was provided throughout the admission by the physi-

cian who admitted the patient in 50% of English hospitals,
whereas routine transfer to a cardiologist occurred in only 23%.*
Although these figures may have changed with the appointment
of more cardiologists, care for most patients is still provided by
non-cardiologists. These data do not reveal the degree of cardio-
logical input into the care of patients admitted under
non-cardiologists, but when care was reported initially to have
been under a non-cardiologist the 90 day mortality outcome was
poorer than when care was provided by a cardiologist.

Within this varying pattern of care, cardiologists either select,
or have referred to them, a population of patients who are
younger, and thus more likely to be male and to have fewer
comorbid conditions, and who are more likely to have ST eleva-
tion infarction, which has a lower 90 day mortality than non-ST
elevation infarction. By contrast, non-cardiologists cared for 70%
of patients with non-ST elevation infarction.

These differences reflect a selection bias, which may explain
some of the differences in crude mortality data. The apparent
“cherry picking” of patients at lower risk and with less comorbid-
ity is not limited to British cardiologists.® However, where differ-
ences in mortality have previously been shown between patients
managed by cardiologists and by generalists, these were consid-
erably attenuated when adjusted for age and comorbidity, a find-
ing confirmed by our work.”

These data do not explain the mechanism by which selection
bias occurs. We speculate that an inaccurate perception that
non-ST segment elevation infarction carries a lower risk of mor-
tality than ST segment elevation infarction might explain the
increased likelihood of patients with non-ST segment elevation
myocardial infarction being referred to non-cardiologists.
Similarly, differences in outcome might reflect referral of older

Table 5 90 day all cause mortality for patients admitted under cardiologists and non-cardiologists and in interventional and non-interventional hospitals

(n=76 376). Values are numbers (percentages) unless stated otherwise

Interventional hospitals

Non-interventional hospitals

Cardiologist Non-cardiologist Risk ratio* Cardiologist Non-cardiologist Risk ratio*

Age (years):

<55 26/1498 (1.7) 14/789 (1.8) 0.98 68/3521 (1.9) 122/5511 (2.2) 0.87

55 to 64 63/1673 (3.8) 46/1086 (4.2) 0.89 165/4290 (3.8) 355/7406 (4.8) 0.80

65 to 74 162/1978 (8.2) 189/1607 (11.8) 0.70 535/5446 (9.8) 1175/10 360 (11.3) 0.87

75 to 84 289/1789 (16.2) 431/2065 (20.9) 0.77 912/4812 (19.0) 2986/13 094 (22.8) 0.83

>85 145/480 (30.2) 385/1079 (35.7) 0.85 461/1498 (30.8) 2068/5971 (34.6) 0.89
Age missing 113 (7.7) 1/3 (33.3) 0.23 15/75 (20.0) 67/332 (20.2) 0.99
ST elevation infarction 370/4162 (8.9) 271/1829 (14.8) 0.60 967/9342 (10.4) 1903/14 481 (13.1) 0.79
Non-ST elevation infarction 316/3269 (9.7) 795/4800 (16.6) 0.59 1189/10 300 (11.5) 4870/28 193 (17.3) 0.67
Total 686/7431 (9.2) 1066/6629 (16.1) 0.57 2156/19 642 (11.0) 6773/42 674 (15.9) 0.69

)

Inter-hospital: median (IQR) 9.2 (6.6t012.3) 14.0 (8.41022.7)

10.0 (6.7 0 14.3) 143 (1051018.2

|QR=interquartile range.

*Unadjusted risk ratios for 90 day all cause mortality in patients admitted under cardiologists relative to non-cardiologists.
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Table 6 Adjusted 90 day mortality risk (95% confidence interval) for
patients admitted under cardiologists relative to non-cardiologists for ST
elevation and non-ST elevation infarction in interventional and
non-interventional hospitals

Interventional hospitals Non-interventional
hospitals

All hospitals

ST elevation 0.76 (0.64 to 0.90) 0.91 (0.84 to 0.98) 0.88 (0.82t0 0.95)
infarction

Non-ST elevation 0.82 (0.69 to 0.98) 0.85 (0.78t0 0.92) 0.84 (0.78t0 0.91)
infarction

All infarctions 0.81 (0.69t0 0.94) 0.87 (0.82 10 0.93) 0.86 (0.81100.91)

patients with greater comorbidity to non-cardiologists. However,
this is not supported by any clear trend towards increasing risk
ratios of death in higher age bands

Treatment

Patients admitted under cardiologists were more likely to receive
reperfusion treatment for ST elevation infarction than those who
were not, and they were more likely to have primary angioplasty.
However, the number who had primary angioplasty in this study
(4%) was too small to have had any impact on differences in out-
come. Cardiologists used secondary prevention drugs more
intensively, although these differences were attenuated after
adjustment. The effect of these treatment differences is unlikely
to account for the differences in mortality. Other studies have
confirmed that although cardiologists are more likely to
prescribe drugs that may improve outcome, the use of these
drugs has not always been associated with lower mortality after
adjustment for patients’ and hospitals’ characteristics.""

Angiography

Randomised trials of early revascularisation after myocardial inf-
arction have shown benefit in terms of morbidity and mortality,
and national and international societies now recommend the
early use of diagnostic angiography after acute cardiac ischaemic
events."”" Despite these recommendations, we found that only
18% of hospitals offered interventional facilities and that the
overall rate of angiography (35%) was low compared with other
regions of the world.*” Although patients admitted to a hospital
with interventional facilities were a minority, they were almost
twice as likely to have angiography as those who were admitted
to other hospitals. However, we found no significant difference in
adjusted mortality by 90 days between patients who were treated
in hospitals with interventional facilities and those who were not,
a finding consistent with a recent registry study.”

Comment

The relatively small differences in practice between cardiologists
and non-cardiologists, and apparent selection bias, do not
explain the differences in mortality outcome described here. We
speculate that other management differences must exist, which
have an impact on mortality. In the past decade, treatment
options for patients of all ages with myocardial infarction have
become more complex, and ideally cardiologists and their teams
should be closely involved in their care. These findings do not
support the view that care for myocardial infarction should
remain within the remit of the non-cardiologist. In a healthcare
system committed to equity of access and outcome, the
differences described here should raise questions about the
model of care for patients with myocardial infarction in England
and Wales.”
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