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Objective: To estimate the need for coronary revascularisation, by using an incidence of indications
approach, among 45–84 year olds with stable angina, unstable angina, and acute myocardial infarc-
tion.
Design: Modelling exercise. Six key steps along the pathway of care from initial diagnosis in primary
or secondary care to revascularisation were defined and the frequency of indications estimated using
routine data from hospital admissions and data from studies in the general population, and primary
and secondary care.
Setting and patients: Mid-1998 population of England.
Intervention: Coronary revascularisation.
Main outcome measure: Ability to benefit (need), defined by randomised trials, expert panel ratings
from the ACRE (appropriateness of coronary revascularisation) study, or by informal consensus.
Results: The need for coronary revascularisation was estimated to be 92 000 procedures, equivalent
to a rate of 1861 per million population. Overall, the model of need exceeded current provision by
3.3:1, although among people aged 75 years and over the ratio was 7.7:1. A plausible upper esti-
mate of need—obtained by assuming that 90% of patients with stable angina were referred from pri-
mary care and that angiography would be performed in 65% of patients with acute myocardial
infarction and 75% of patients with unstable angina—was 2626 per million population.
Conclusions: The national target of 1500 revascularisation procedures per million population is cred-
ibly related to population need, although upper estimates of need are considerably higher. Better
understanding is required of the benefits of referring patients with specific indications from primary
care. The greatest relative increase in provision is required for those aged 75 and older, among whom
trial evidence of benefit is scant.

There are large international differences in coronary revas-

cularisation rates (fig 1),1–3 with those in the USA (3224

per million population) nearly four times those in

England (839 per million population) (fig 1 and table 1).4 5

Although these variations may in part be explained by the

supply of facilities and doctors, the prevailing clinical culture

towards invasive management, and differing public expecta-

tions, it is widely perceived that revascularisation is underpro-

vided in England relative to need. As a consequence the gov-

ernment has set a national target of 1500 revascularisations

per million population.6

It is unclear to what extent existing revascularisation rates,

or their planned increase, reflect measured population need

(ability to benefit),7 8 as the evidence and assumptions under-

pinning the current target have not been made explicit.

Attempts have been made to model regional revascularisation

requirements using standardised mortality ratios for coronary

heart disease9 or coronary heart disease incidence,10 which are

crude markers of need. A more sophisticated approach

attempts to measure the population frequency of the

indications for which revascularisation confers benefit.11 An

indication is defined by the type of morbidity, its severity, and

the degree of test abnormality. Such an “incidence of indica-

tions” approach has been applied in other conditions (for

example, the need for total hip replacement12) and offers the

advantage of explicitly linking epidemiological estimates of

the population prevalence and incidence of specific clinical

presentations with the evidence of effectiveness from ran-

domised trials. However, there has been no previous attempt

to model the need for revascularisation based on an incidence

of indications approach.

The aim was to model coronary revascularisation need

compared with current provision among patients with stable

angina, unstable angina, and acute myocardial infarction. We

further sought to test whether underprovision was greater at

older ages.

METHODS
We developed two models of the incidence of indications for

coronary revascularisation. Firstly, we used data on current

patterns of referral, investigation, and treatment of 45–84 year

olds in England to estimate current provision. Secondly, we

modelled population need for revascularisation based on con-

sensus guidelines, trial evidence of benefit, and ratings of

appropriateness.

In a recent prospective study,13 chronic stable angina, unsta-

ble angina, and myocardial infarction accounted for 71% of

the original clinical presentations, before angiography, of

patients who subsequently underwent coronary revascularisa-

tion. The original clinical presentations before angiography of

the remaining 29% undergoing revascularisation were recur-

rent angina after revascularisation, atypical chest pain, near

sudden death, ventricular arrhythmia, asymptomatic, and
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miscellaneous or other presentations. For each of the presen-

tations chronic stable angina, unstable angina, and myocar-

dial infarction we defined six parameters likely to have a

major impact on revascularisation rates:

• Parameter 1: proportion of the population developing a new

clinical presentation each year

• Parameter 2: percentage of these referred to secondary care

• Parameter 3: percentage of these surviving to be considered

for angiography

• Parameter 4: percentage of these undergoing (current prac-

tice) or deemed appropriate for (model of need) angio-

graphy

• Parameter 5: percentage of these with obstructive coronary

disease

• Parameter 6: percentage of these undergoing (current prac-

tice) or deemed appropriate for (model of need) revascu-

larisation.

We estimated these parameters from published and unpub-

lished sources, stratifying by age group (45–64, 65–74, and

75–84 years) and sex, where possible. Since trial data are lack-

ing for many patients—for example, older people—we

incorporated expert panel judgements of revascularisation

appropriateness, which have been validated against clinical

outcomes.14

We conducted sensitivity analyses to identify the parameter

with the largest influence on predicted need, within each

clinical presentation, by modelling plausible increases in indi-

vidual parameters one at a time while holding constant the

other parameters in the model of need.

Chronic stable angina

Parameter 1—Estimates of stable angina incidence vary

widely15–17 (table 2). We used the MSGP4 (4th national morbid-

ity survey), 1991–92 (age and sex standardised rate across age

groups: 13.5 per thousand).15 A proportion of incident indica-

tions for revascularisation also result from worsening symp-

toms among prevalent cases of angina,18 for which no reliable

data exist. Among medically treated patients with angina in

angioplasty trials, approximately 10% experience sufficient

worsening of symptoms to require revascularisation over a

Figure 1 Coronary revascularisation rates per million inhabitants in the USA,2 Australia,3 and Europe1 and age adjusted mortality from
coronary heart disease (CHD) in men. European coronary heart disease mortality data are for men aged 45–74 years per 100 000, 1990–2;
US and Australian data are for men aged 35–74 years per 100 000 in 1995.4 5 CABG, coronary artery bypass graft; PTCA, percutaneous
transluminal coronary angioplasty.

Table 1 Rates (per million population) of coronary
revascularisation in England compared with the USA

Age groups (years)

45–64 65–74 75–84 All ages*

USA† 6785 15580 12577 3224
England‡ 1864 3377 1114 839
Ratio USA:England 3.6 4.6 11.3 3.8

*Rate is weighted average for all age groups, not just 45–84;
because rates are lower in those aged <45 and 85+ the all ages rate
is lower than the rates in the 45–84 year age groups.
†National hospital discharge survey for non-federal short stay
hospitals, 1996.2

‡Hospital episodes statistics 1998–99.

Table 2 Range of estimates of incidence of chronic stable angina for parts of the UK

Source and study Definition Year
Place and number of
patients with angina

Ages
(years)

Weighted
incidence rate
(per 1000)*

Expected numbers of new
angina cases among 45–84
year olds in England

Rapid access chest pain clinic17 Cardiologist
assessment

1991–92 Southampton (n=110) 31–70 1.34 24582 (0.1%)

One urban general practice16 Record review 1989–91 Oxford (n=129) 45–74 11.43 209431 (1.15)
60 general practices in MSGP415 General practice

records
1991–92 England and Wales

(n=∼1000†)
45–84 13.49 247103 (1.3%)

*Based on age sex structure in England, 1998 in men and women aged 45–84 years. Where estimates did not cover the age ranges used in this paper,
the rate in the closest age band to the ones used in this paper was used.
†The MSGP4 (4th national morbidity survey in general practice) involved approximately a 1% sample of the population of England and Wales. The
number with angina was crudely estimated from the observed prevalence rate applied to the population of 45–84 year olds in England multiplied by
1%.15
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year.19 Extrapolating from these data and allowing for our inter-

est in referrals rather than revascularisations, we added 15% of

the prevalent cases to the number of incident cases.

Parameter 2—In the model of current practice, general practice

referral rates were obtained from the General Practice

Research Database,20 1998 (age and sex standardised rate

across age groups: 2.2 per thousand). A proportion of new

outpatient referrals arise from sources other than general

practice. On the basis of the observed case mix in one general

medical outpatient clinic10 we applied a multiplying factor of

2.4 to the general practitioner referral rate to account for this.

The model of need assumed, in keeping with the National

Service Framework,6 higher rates of referral from primary

care: 80% of 45–64 year olds,21 70% of 65–74 year olds, and 60%

of 75+ year olds. The age gradient was chosen to account for

limited trial evidence of benefit in older populations, the

increased risks associated with coronary revascularisation in

older age groups,22 and increased comorbidity with age.23 24 As

a sensitivity analysis, the referral rate was increased to 90% in

all age groups.21

Parameter 3—The mortality while waiting for referral was

assumed to be 2% for the current practice model25 and 0% for

the model of need.

Parameter 4—The model of current practice assumed that the

proportion of referrals undergoing angiography was 30%.16 26

On the basis of data from a rapid access chest pain clinic in

Bromley for 1999, our model of need assumed that 51% of

referrals subsequently undergo angiography (Wood D, per-

sonal communication).

Parameter 5—In both models, the age and sex specific

prevalence of angiographically defined obstructive coronary

disease (single vessel, double vessel, and triple vessel or left

main stem disease) was obtained from a prospective study in

London for 1996/7 (the ACRE (appropriateness of coronary

revascularisation) study).14

Parameter 6—In the model of current practice, age and sex

specific proportions of subjects with specific coronary artery

disease patterns undergoing revascularisation were estimated

from the ACRE study.14 The model of need was based on age

and sex specific proportions of subjects with specific coronary

artery disease patterns in whom revascularisation was

deemed appropriate.14 The ACRE study rated the appropriate-

ness for revascularisation, scored by an expert panel, based on

clinical and angiographic findings, and applied these ratings

to a population of 2552 patients with coronary artery disease
referred for angiography. Nearly all patients were assigned a
rating. Patients in whom revascularisation was rated appropri-
ate, and subsequently received it, had better clinical outcomes
than those who were similarly rated but who received only
medical treatment, providing evidence of the clinical validity
of the expert panel ratings.14

Myocardial infarction
Parameter 1—The predicted incidence of fatal and non-fatal
myocardial infarction was based on the OXMIS (Oxford
myocardial infarction incidence study).27 These data highlight
the burden of myocardial infarction in the community, although
the computation of the model predictions began with param-
eter 2.

Parameters 2 and 3—We used national hospital episodes statis-
tics (HES) data (1998–99) to compute incident age and sex
specific emergency hospital admission rates for acute myocar-
dial infarction (International classification of diseases, 10th
revision (ICD-10) code I121) (age and sex standardised rate
across age groups: 3.12 per thousand population) and
inpatient death rates following admission for acute myocar-
dial infarction (15.5%). (The low referral rate compared with
the incidence rate reflects prehospital mortality.)

Parameter 4—In the model of current practice, angiography
rates within six months of acute myocardial infarction (8%)
were taken from data on routine clinical practice in the UK for
1993–94.28 This rate was very similar to a more recent estimate
of 9% in UK settings in 1997–98 but that was based on the fol-
low up of a randomised controlled trial of different
fibrinolytics.29 In the model of need, we estimated appropriate
rates of angiography from a systematic review, which found
that angiography rates > 30% were not associated with
reduced rates of death or reinfarction compared with
conservative management.30 In the sensitivity analysis we
assumed that 65% of patients with acute myocardial
infarction undergo angiography, reflecting US practice.31

Parameters 5 and 6—These parameters were based on the ACRE
study in both models.14

Unstable angina
Parameter 1—We found no population based data for the UK
on the incidence of unstable angina. This parameter was
therefore extrapolated from parameter 2 and we assumed a
100% referral rate to hospital.

Table 3 Coronary revascularisation need applied to 1998 England mid-year population compared with a model
based on current patterns of investigation and treatment in England (men and women aged 45–84 years)

Step

Presentation Total numbers of
patients at each step for
all three presentationsChronic stable angina AMI Unstable angina

Current
practice

Model of
need

Current
practice

Model of
need

Current
practice

Model of
need

Current
practice

Model of
need

1. Proportion (number) of total population (45–84
years) developing new clinical presentation

1.6%
(n=293000)

1.6%
(n=293000)

0.5%
(n=82700)

0.5%
(n=82700)

0.5%
(n=85700)

0.5%
(n=85700)

2.5%
(n=461400)

2.5%
(n=461400)

2. Proportion of incident cases referred to
secondary care

33% 72% 69% 74% 100% 100% 240400 356400

3. Proportion surviving to angiography 98% 100% 85% 90% 97% 97% 227900 347600
4. Proportion of those referred to secondary care
undergoing angiography

30% 51% 8% 30% 27% 50% 55100 164900

5. Proportion of those in whom angiography shows
obstructive coronary disease

72% 75% 86% 86% 78% 78% 41489 126820

6. Proportion of those with obstructive coronary
disease undergoing revascularisation

64% 73% 64% 61% 69% 75% 27465 92000

Model predictions of revascularisation rate (per
million total population)

269 1192 43 175 243 494 555 1861

Proportion of people developing new clinical
presentation predicted to undergo revascularisation

5% 20% 3% 10% 14% 29% 6% 20%

Rates and proportions are weighted by age and sex, except referrals for angiography where age and sex specific data were not available.
AMI, acute myocardial infarction.
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Parameter 2—We computed age and sex specific emergency

hospital admission rates for angina and unstable angina

(ICD-10 code I120 in the main diagnosis field) from the HES

database (1998–99); 99% of diagnoses were unstable angina

(52%) or angina unspecified (47%).

Parameter 3—In hospital death rates were derived from a study

of coronary care units in London.32

Parameter 4—In the model of current practice, the angiography

rate was 27%, based on national referral patterns in the UK for

1998–99.33 In the model of need, we based predicted

angiography rates on the TACTICS-TIMI 18 (treat angina with

Aggrastat and determine cost of therapy with an invasive or

conservative strategy-thrombolysis in myocardial infarction

18) trial,34 in which the 50% of patients at higher risk benefit-

ted from invasive management.

Parameters 5 and 6—The ACRE study was used to derive age

and sex specific estimates of angiographically defined

obstructive coronary disease and proportions appropriate for

revascularisation.14 In a sensitivity analysis, angiography rates

were increased to 75%, reflecting the additional proportion of

people in the TACTICS-TIMI 18 trial with an intermediate risk

score in whom there was inconclusive evidence of benefit.

Coronary revascularisation in England: current provision
Current rates were computed for the resident population of

England aged 45–84 years from the 1998–99 HES database

using Office of Population Census and Surveys-4 procedure

codes K40–K46 for coronary artery bypass grafts and

K49–K50 for coronary angioplasty. Emergency and elective

procedures were combined. Since we were estimating need for

stable angina, unstable angina, and myocardial infarction,

which account for approximately 71% of indications for

coronary revascularisation, we estimated the current actual

provision for these indications by multiplying the total

number of procedures carried out for all indications

(n = 39 420 in HES database) by 0.71 (39 420

× 0.71 = 27 988).

RESULTS
A total of 461 400 people were estimated to develop incident or

significantly worsening chronic stable angina, fatal and

non-fatal myocardial infarction, and unstable angina each

year (table 3).

Model of current practice
On the basis of current general practitioner referral rates and

hospital admission rates, we estimate that approximately

240 400 people are seen in secondary care with stable angina,

acute myocardial infarction, or unstable angina every year

(table 3). The model of current practice predicted that 5% of

patients with incident and worsening stable angina, 3% with

fatal and non-fatal acute myocardial infarctions, and 14%

with unstable angina undergo revascularisation. These pro-

portions are in line with previous estimates.22 28 33

The model of current practice predicted 27 465 revasculari-

sation procedures, within 2% of our estimate of actual

provision of 27 988. This provides evidence in support of the

validity of the six steps in the model and the estimates used.

In the model of current practice, 49% of procedures were for

stable angina, 8% for myocardial infarction, and 44% for

unstable angina. This compares with relative proportions in

the ACRE study of 61%, 12%, and 28%, respectively. This

disparity may reflect the inclusion of emergency admissions

for angina in our definition of unstable angina and the

difficulties of distinguishing unstable angina from acute myo-

cardial infarction.

Model of predicted need for coronary revascularisation
The model of need predicted that 356 400 people should be

referred to secondary care. The proportions of new indications

predicted to need revascularisation were 20% of stable angina

cases, 10% of fatal and non-fatal acute myocardial infarctions,

and 29% of unstable angina cases. The incidence of need for

coronary revascularisation was predicted to be 92 000 among

45–84 year olds in England, equivalent to a rate of 1861 per

million total population.

Overall, the model of need exceeded current provision by

3.3:1, although among people aged 75 and over the ratio was

7.7:1 (table 4). In other words, the model of need predicts that

provision in those aged 75–84 would have to increase by 670%

above current National Health Service provision compared

with an increase of around 140% in those aged 45–64 and

250% in those aged 65–74 (table 4).

Table 4 Age specific need for coronary
revascularisation compared with current NHS
provision

Age groups (years)

45–64 65–74 75–84 45–84

Need* 36390 34825 20785 92000
Current provision† 15197 10082 2709 27988
Ratio need:provision 2.4 3.3 7.7 3.3

*Men and women aged 45–84.
†Estimated NHS provision, derived from HES database, year
1998–99 (age 45–84 years for stable angina, myocardial infarction,
and unstable angina).

Figure 2 Sensitivity analyses:
effects of varying model assumptions
on predicted need for
revascularisation procedures in men
and women aged 45–84 years.
Assumption changed:
(1) angina—90% of all patients with
incident angina are referred to
secondary care; (2) myocardial
infarction—65% undergo
angiography; (3) unstable
angina—75% undergo angiography;
(4) total—effect of changes in all
three assumptions.
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Sensitivity analysis
Figure 2 shows the effects of varying model assumptions on

predicted need for revascularisation. We sought to illustrate a

plausible upper estimate of need and assumed that 90% of

patients with stable angina were referred from primary care

and that angiography would be performed in 65% of patients

with acute myocardial infarction and 75% of patients with

unstable angina. The increase in referrals from primary care

had the greatest single impact, being associated with a predi-

cated increase in revascularisation rates of 314 per million

population. The combined impact of these three assumptions

was to predict a population need for revascularisation of 2626

per million population.

DISCUSSION
Objective addressed
We found that the recent government targets for revasculari-

sation fall within a credible range of population need,

although sensitivity analyses suggest that the need for revas-

cularisation may be much higher. These targets may be

reached in very different ways—for example, by increasing the

referral rate of stable angina from primary care or by increas-

ing the proportion of patients who undergo revascularisation

after angiography. Underprovision is greatest among older age

groups. These findings need to be considered together with the

more global issue of other priorities for investment, including

other disease areas and preventive treatment.

Advantages of the incidence of indications approach:
articulating appropriateness
We have attempted to model the national need for coronary

revascularisation by using an incidence of indications

method.11 This approach offers a central advantage over other

methods by transparently matching an estimate of ability to

benefit to clinically meaningful patient groups or indications.

The clinical judgement to perform coronary revascularisation

is based on combinations of patient characteristics including

the type and severity of presenting morbidity, number of dis-

eased vessels, left ventricular function, and operative risk. For

each indication the degree of benefit (in mortality or

functional status) can be estimated. In some cases randomised

trial evidence can be used, yet despite the accumulating

number of trials there is considerable debate about appropri-

ate rates of revascularisation.7 30 35–38 This is partly because of

the selected nature of trial participants, developments in cur-

rent practice that have outpaced trials, and the lack of trials in

primary care investigating referral strategies for angiography.

This suggests that other, explicit methods are used to estimate

benefit. Ours is the first attempt to incorporate the ratings of

an expert panel of revascularisation appropriateness, in which

the likelihood of benefit is rated on a nine point scale for spe-

cific indications. These ratings, which can be applied to virtu-

ally every patient, have been shown to be associated with

clinical outcome14 and therefore offer an important tool in

defining need.

Systematically identifying what we don’t know
The incidence of indications approach makes explicit where

the major gaps in the evidence lie, giving a clear framework for

improving the model with the results of further research. Two

forms of new knowledge are required. Firstly, better estimates

are required of the ability to benefit from certain management

steps, for example, referral from primary care for a specialist

opinion. There is a lack of clinical outcome studies investigat-

ing whether patients with suspected stable angina in primary

care benefit from referral to secondary care. One trial suggests

that aggressive medical management of such patients may

avert the need for revascularisation.39 In the absence of large

trials in primary care, this question can be addressed with

expert panel methods. Secondly, better estimates are required

of the incidence of specific indications. Thus, for stable angina

the incidence (first ever presentation), as well as the incidence

of worsening angina among prevalent cases, is uncertain. The

incidence in the community of unstable angina, fulfilling the

definitions used in clinical trials, is not known.

Primary care
Our model indicates that attainment of recent national targets

requires changes in the management of chronic stable angina.

Currently, most patients are managed within primary care.

Increased facilities and staffing for the investigation of patients

with angina would shift the emphasis for the initial manage-

ment of these patients from primary care to secondary care.

However, by comparison with stable angina, the evidence

base for measuring population need for revascularisation for

the acute coronary syndromes is more robust. National HES

data are available to estimate the incidence of patients with

acute myocardial infarction surviving to reach secondary care

and several randomised trials have compared different

invasive management strategies among hospitalised

patients.30 Despite the stronger evidence base there are still

striking international variations in the proportion of people

undergoing revascularisation following both acute myocardial

infarction, ranging from 8–61%,28 and unstable angina,

ranging from 2–60%.7 Since countries with very high revascu-

larisation rates after myocardial infarction or unstable angina

do not necessarily have better outcomes,7 31 36 the right

revascularisation rate to benefit population health is unclear.

Age
The model of need and comparisons with the USA (table 1)

indicate that underprovision is greatest among patients aged

75 and older. We tested whether this disparity was an artefact

of the lack of age specific angiography rates by modelling a

range of extreme values. We found that the underprovision at

older ages was robust to these changes in assumptions. The

evidence base for the relative benefit of intervention in people

of this age is less secure than that for younger people and there

is no basis for judging whether older people would seek inva-

sive treatment where there is no evidence of improved

survival. In the original trials of coronary bypass surgery only

7% of subjects were over 60 years.40

Limitations: underestimating the need for
revascularisation
The model may underestimate revascularisation need because

we did not model (a) the backlog of patients with stable

angina for whom referral to secondary care would be

appropriate; (b) the backlog of patients waiting for revascu-

larisation (for example, 16 000 patients were awaiting

cardiothoracic surgery in 1999 (KH07 quarterly returns,

Department of Health)); (c) the full range of patients with

angiographically determined coronary artery disease who

may benefit from revascularisation (the ACRE study showed

that the benefits of revascularisation extended to patients in

whom revascularisation was deemed of uncertain appropri-

ateness); (d) repeat revascularisation after angioplasty (which

even with the use of stenting and modern adjunctive

treatment ranges from 5–17%);41 42 and (e) other indications

such as valve disorders, heart defects, or near sudden death

(we assumed that need for these uncommon indications was

being met).

Limitations: overestimating the need for
revascularisation
Conversely, the model may overestimate revascularisation

need for four reasons. Firstly, the case mix of patients referred

to secondary care may alter as referral rates increase, with

greater proportions of milder angina, for which revascularisa-

tion is less effective, and more non-coronary chest pain. Thus,
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the assumption that the appropriate coronary angiography rate

for stable angina cases is 51% (table 3) may be too high.

Secondly, aggressive medical management, particularly of

lipids, may reduce the need for revascularisation; the benefits of

maximising medical treatment versus revascularisation in rela-

tion to symptomatic control and quality of life remain

unclear.39 43 Thirdly, a single patient may have an incident case of

stable angina, unstable angina, and acute myocardial infarction

in one year, thus leading to double or triple counting.

Furthermore, 47% of angina admissions were coded as angina

unspecified so we may have overestimated the incidence of

unstable angina by up to 93%. A recent study (ENACT,

European network for acute coronary treatment) suggested

that the hospital admission rate for unstable angina may be

approximately 0.2%,44 providing some support for the possibility

that our estimate (5 per 1000 among 45–84 year olds) is an

overestimate. Some of the difference, however, may have arisen

because ENACT was a hospital based, pan-European study with

no lower age limit. Fourthly, if falling rates of coronary heart

disease mortality over time5 reflect a decline in the incidence of

angina, unstable angina, and myocardial infarction, there may

be a reduction in need for revascularisation.

Conclusion
Recent government targets for revascularisation fall within a

credible range of population need. Studies in unselected

patients that examine the impact on clinical outcome of key

referral decisions, particularly from primary care, would sub-

stantially improve the ability to model need.
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IMAGES IN CARDIOLOGY.............................................................................
Postextrasystolic “T wave hump” augmentation as a marker of increased arrhythmogenic risk in
the long QT syndrome

The family came to our attention because of the sudden death of a 20 year old woman (upper
panel, II-3). She had been treated for epilepsy since she was 6 years old because of recurrent
episodes of fainting. The ECG showed a prolonged QT interval of nearly 600 ms. The subse-

quent investigation of her family revealed three sisters, the mother, and one nephew (upper
panel) with a history of syncope and prolongation of the QT interval. β Blocker treatment was
immediately initiated in all the patients.

The ECG tracing (lower panel) was taken from a Holter ECG of the nephew (upper panel,
III-1) of the deceased individual. At this time the boy was 14 years old and was treated with
25 mg atenolol per day. He had three recurrent episodes of syncope, all occurring during physi-
cal activity (running, climbing, and swimming). The ECG showed pause-dependent, T wave
changes (“humps” or notches; lower panel, arrow) which have been well described in long QT
syndrome (LQTS) patients and may be associated with episodes of pause-dependent torsade de
pointes. The particular cycle sequence which preceded T wave hump augmentation was first
described in 1983 by Kay and colleagues and is known as “long-short ventricular cycle length”.
These postextrasystolic changes in T waves are a marker of increased arrhythmogenic risk and
are not only restricted to patients with LQTS but are also described in patients without LQTS.
Even in the absence of the T wave changes, the presence of recurrent exercise-induced syncope
is an indication of continued high risk of lethal arrhythmias. The dosage of the β blocker was
increased to 50 mg per day. Since that time, the patient has remained asymptomatic without any
further syncope and without the need for other therapeutic approaches.

H Wedekind
E Schulze-Bahr
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An unusual image within the left atrium with UFO-like appearance on transoesophageal
echocardiography

A70 year old man presented with infective endocarditis caused by
Streptococcus pyogenes complicated by severe mitral and pulmo-
nary oedema. Transthoracic echocardiography showed severe

mitral regurgitation and echodensities on the mitral anterior leaflet
consistent with vegetation.

Transoesophageal echocardiography disclosed a free floating circu-
lar image within the left atrium with “Saint’s halo” or “ UFO-like”
appearance in 0–70° orthogonal planes, and a systolic jet through that
image (below left). Multiplane assessment revealed that the circular
image was a cross section of a ruptured and aneurysmally dilated
mitral anterior leaflet resulting in severe mitral regurgitation (below

centre and right). Vegetation on the mitral anterior leaflet, caused by
perforation of the leaflet, was also detected. The patient underwent
open heart surgery, and following an unsuccessful attempt to repair
the perforated mitral anterior leaflet, the mitral valve was replaced by
a mechanical one. Periodic follow up and echo evaluations have
revealed no problem to date.
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