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Novel approach to the interpretation of long-term
"deterioration" in ejection fraction in individual
patients with coronary artery disease

Richard Lim, Lorraine Dyke, Janice Thomas, Duncan S Dymond

Abstract
Objective-The long-term predictability
of left ventricular ejection fraction
(LVEF) measurements was evaluated
with particular emphasis on the assess-
ment of deterioration in individual
patients whose coronary artery disease
was initially treated medically.
Design-Prospective pilot study.
Setting-Regional cardiac centre.
Patients-60 minimally symptomatic
patients with coronary artery disease
who, after arteriography, were initially
treated medically.
Intervention-Measurement of LVEF by
first pass exercise radionuclide ventricu-
lography at baseline and six months later
without interruption of usual anti-
ischaemic medication. Baseline and
six-month studies were analysed
independently of each other.
Main outcome measure-Based on 51
patients who remained event free, 95%
prediction intervals were derived for
prognostic LVEF indices to suggest the
miniimum change from baseline that
might be considered clinically important
in the individual patient, alerting clini-
cians to the need for closer review.
Results-At six-month ventriculography,
22 patients showed apparent deteriora-
tion in exercise LVEF or the change in
LVEF with exercise (ALVEF). Only two
patients had six-month values below the
lower limit of 95% prediction intervals,
compared with 15 when 95% group confi-
dence intervals (z = 3-33, p < 0.001) were
used. When ALVEF = 0 at baseline, the
lower limit of 95% prediction intervals
allowed for an exercise induced fall at six
months of < 13%. For a baseline exercise
LVEF of 50% (just normal), the lower
limit of 95% prediction intervals was
380/o-that is, the exercise LVEF could be
measured as low as 38% > six months
later without necessarily indicating or
missing true deterioration.
Conclusion-In the follow up of mini-
mally symptomatic patients with coro-
nary artery disease, serial long-term
changes, in particular "deterioration,"
in prognostic LVEF indices may be inter-
preted more meanigfilly with reference
to 95% prediction intervals.

(Br Heart J 1993;70:226-232)

In the prognostic evaluation of coronary
artery disease by radionuclide ventriculo-

graphy, left ventricular ejection fraction
(LVEF) at peak exercise is probably the most
important predictor of cardiovascular mortal-
ity,' 2whereas the change in LVEF from rest
to exercise (ALVEF) may better describe the
risk of ischaemic morbidity.' 34 In patients ini-
tially treated medically, deterioration in these
prognostic indices despite anti-ischaemic
medication may predict failure of that med-
ical treatment.5 As potential candidates for
subsequent revascularisation, such patients
may benefit from follow up that includes ser-
ial objective assessment to detect deteriora-
tion in the individual patient. We have
therefore examined prospectively the long-
term reproducibility of, and prediction inter-
vals for, LVEF measurement in individual
patients by radionuclide ventriculography
performed without interruption of medica-
tion.

Patients and methods
PATIENTS
After coronary arteriography performed pri-
marily for the investigation of known or
suspected coronary heart disease, 60 patients
were recommended to continue with medical
treatment on the basis of minimal angina and
arteriographic disease that did not need early
revascularisation. Nonetheless, all had disease
that could revascularised, visually defined as
> 50% luminal diameter stenosis in at least
one major epicardial artery. Patients were
excluded if they had previously been revascu-
larised, or were being investigated for
arrhythmias, or had left main stem disease,
overt heart failure, atrial fibrillation, or valve
disease. Informed consent was obtained in all
cases.

ANTI-ISCHAEMIC MEDICATIONS
All patients were already stabilised on regular
conventional anti-ischaemic medication.
Such medications were optimised so that no
patient had angina worse than Canadian
Cardiovascular Society class I in the four
weeks before the baseline exercise radionu-
clide ventriculogram. Medications were
maintained as normal provided there was no
change in clinical state during the study.

EXERCISE RADIONUCLIDE VENTRICULOGRAPHY
Between two and three months after coronary
arteriography, each patient underwent first
pass radionuclide ventriculography with the
Scinticor multicrystal gamma camera system
(Scinticor Inc, Wisconsin, USA). At baseline
and six months later, each complete test com-
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Novel approach to the interpretation oflong-term "deterioration" in ejection fraction in individual patients with coronary artery disease

prised a resting then an exercise ventriculo-
gram. The total amount of radioactivity given
(effective dose 8 mSv) was judged to be safe
by the local radiation protection adviser.
Patients were exercised to the same duration
and workload during repeat tests at six
months.

Tests were scheduled between 10 15 and
12 30 at least three hours after a meal. The
right median basilic vein was cannulated with
an 18 French gauge plastic cannula. The
patient was then connected to an electrocar-
diograph monitor and seated on a Fitron
cycle ergometer with the chest against the
camera detector in the anterior upright pro-
jection.

After several minutes to allow patient
familiarisation, a dose of 40 MBq of tech-
netium (99mTc) pertechnetate was injected to
avoid malpositioning,6 then the resting ven-
triculogram was taken. This was done by giv-
ing a rapid 12 ml saline flush injection of a
0 5 ml (300 MBq) bolus of 99mTc pertechne-
tate to maximise bolus integrity.7 Imaging
occurred simultaneously and continued for
15-30 seconds at 40 ms framing intervals. On
line data acquisition on to hard disc was fol-
lowed by storage onto magnetic tape for later
processing and analysis.

Graded exercise was then started from zero
to a workload of 400 kg m/min at which it
was maintained for the first two minutes.
Thereafter, workload was increased by 200 kg
m/min every two minutes until a symptom
limited peak was reached. At this point, with
the patient maintaining peak exercise for
20-40 seconds, several background frames
were collected before a second rapid 12 ml
saline flush injection of a 0-5 ml (450 MBq)
bolus of 99mTc pertechnetate. Frames were
collected at 20 ms intervals, and on redistrib-
ution of radioactive tracer, exercise was
ended. Again, data were transferred and
stored on magnetic tape for computer pro-
cessing and analysis with Baird software
(Baird, Massachussetts, USA).

DATA ANALYSIS
In this investigation of patients with docu-
mented coronary artery disease, the computer
calculated quantitative radionuclide variables
of principal prognostic interest were LVEF at
rest and at peak exercise, and ALVEF.

All studies were analysed by consensus
between two experienced observers. The six
month studies were analysed by these
observers blinded to the results of the base-
line analysis. Consensus on technical quality
was required for each study. If study quality
was suboptimal, the choice of background
frame was re-examined to see if both consen-
sus and improvement in computer generated
analysis were possible; if not, the study was
rejected.

STATISTICS
Analyses were carried out with the Minitab
version 7 1 (Minitab Inc, Philadelphia, USA).
Results were considered statistically signifi-
cant at the <0 05 level (two tailed).

Linear regression analysis by the method of
least squares was used to fit a straight line
through the origin of six-month measure-
ments as a function of baseline LVEF values.
The rationale for forcing the regression line
through the origin was to test the hypothesis
that the slope for the regression of six-month
values on baseline measurements was equal
to unity. The residual SD was a measure of
the goodness of fit of the regression line to
the observed data.

For any given baseline LVEF, 95% confi-
dence intervals (95% CIs) for the regression
line include with 95% probability the true
mean six-month value in the population. To
allow for random variation and define
whether a change found at six months is
likely to be- real in the individual patient, 95%
prediction intervals were also derived.8 For a
given baseline value, there was a 95% proba-
bility that an individual patient's measure-
ment six months later would lie within the
interval. A measurement at six months that
exceeds the lower limit of 95% prediction
intervals would either occur by chance (1 in
20) or indicate with 95% certainty a true
change-that is, a deterioration from base-
line. To compare the proportions with
"deterioration" as defined by the 95% predic-
tion intervals or 95% CIs, McNemar's test
with continuity correction was used.

Results
One patient had a technically poor quality
baseline study. Four required adjustment in
their medication. Interim events occurred in
four others (non-fatal myocardial infarction
in two, unstable angina in one, and coronary
angioplasty for recurrent angina in one).
Therefore these nine patients did not undergo.
repeat tests at six months and were excluded
from further analysis.

PATIENT CHARACTERISTICS
Paired data were available for analysis from
the final study group of 51 subjects (mean
age 56 (range 32-71 years; 42 men) without
disqualifying events (death, myocardial
infarction, unstable angina requiring hospital
admission) or new pathological Q waves on
their 12 lead electrocardiogram at six months.
Forty patients had had remote (> 6 months)
myocardial infarction. Significant luminal
stenosis was present in one coronary artery in
23, in two arteries in 18, and in three arteries
in 10 patients. Angina was well controlled by
a single agent in 29 patients (fi blocker in 15,
calcium blocker in 10, and long acting nitrate
in four). Five patients were on triple treat-
ment.

Table 1 summarises the test results at
baseline and six months. Figure 1 shows the
linear regression plots for resting LVEF, exer-
cise LVEF, and ALVEF. Figure 2 shows the
plots of the difference between six-month and
baseline measurements against the average of
their sum9; the respective Pearson correlation
coefficients were not significantly different
from 0-that is, the difference between six-
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Table 1 Variables from first pass radionuclide ventriculography in 5I patients

Baseline 6 month p value 95% CI

Resting LVEF (%) 50 (22 to 71; 12) 50 (22 to 77; 12) 0-62 -1 to + 1
Exercise LVEF (%) 47 (23 to 83; 12) 49 (24 to 72; 12) 0-12 0 to + 3
ALVEF (%) -2 (-27 to + 24; 10) - 1 (-28 to + 17; 11) 0-27 -Ito + 3
Maximum workload (kg m/min) 743 (400 to 1200; 164) 745 (400 to 1200; 171) 0-80 - 13 to + 17
Duration of exercise (min) 5-4 (3 to 9; 1) 5-3 (3 to 9; 1) 0-36 -0 3 to + 0 1
Resting heart rate (beats/min) 63 (42 to 111; 15) 65 (38 to 106; 13) 0 33 -2 to + 5
Exercise heart rate (beats/min) 131 (85 to 181; 21) 133 (71 to 168; 20) 0-36 -3 to + 8
AHeart rate (beats/min) 68 (11 to 108; 19) 69 (21 to 96; 18) 0-69 -3 to + 5

Values are expressed as mean (range; SD); 95% CI, 95% confidence interval for mean difference between baseline and six month
values.

month and baseline measurements was inde-
pendent of baseline magnitude for LVEF at
rest and exercise, and ALVEF.

RESTING LVEF
There was no significant variability in resting
LVEF (mean (SD) 0% (4%), 95% CI -1 to
+ 1) for the entire group (table 1). In the 29
patients with normal baseline values
(> 50%), there was also no between-test

Figure 1 Scatterplots for
resting LVEF (top),
exercise LVEF (middle),
and ALVEF (botom).
Points may represent
multiple observations. The
regression line is the thick
line, 95% CIs the thin
lines, and 95% prediction
intervals the dashed lines.
From any baseline
measurement on the
horizontal axis, a line is
drawn perpendicularly to
meet the lower limit of95%
prediction intervals, the
value of which is read off
the vertical axis. This
value represents the six
month measurement below
which there is a 95%
probability of true
deterioration.

difference (mean 0% (4%); 95% CI -2 to
+ 1). The proportion of patients with <10%
absolute difference between baseline and six-
month measurements was 50 of 51 (98%;
fig 3).
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Figure 2 Plots of the difference between six month and
baseline values against the average of their sum. Dashed
lines denote (2 SDs). Points may represent multiple
observations. The correlation coefficientfor resting LVEF
(top) was 0-074 (95% CI -0-206 to 0 343), exercise
LVEF (middle) - 0-014 (95% CI - 0-288 to 0 263),
and ALVEF (bottom) 0 045 (95% CI - 0-233 to
0317).
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Figure 3 Frequency
distribution of absolute
differences between baseline
and six month values for
resting LVEF (top),
exercise LVEF (middle),
and ALVEF (bottom).
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For baseline exercise LVEF values of 60%,
55%, 50%, 45%, 40%, 35% and 30%, the
respective lower limit of the 95%, prediction
interval was 49%, 44%, 38%, 33%, 28%,
23%, and 18% (fig 1). Thus for a given base-
line value, the 95% prediction interval
allowed for a fall of < 12% over six months
without necessarily indicating or missing true
deterioration.

ALVEF WITH EXERCISE

IJLJIELIIILL There was no significant group variability in
ALVEF (mean (SD) -1% (7%); 95% CI

-10 -5 0 5 10 - 1 to +3, table 1). There was also no signif-
icant between-test difference (mean (SD)
1%, (7%); 95% CI -2 to +3) in the 31
patients with a baseline exercise induced fall
in LVEF of < 5%. The proportion of patients
showing <10% absolute between-test differ-
ence in ALVEF was 45 of 51 (88%, fig 3).
The regression coefficient was 0-80 (95%

CI 0-62 to 0-98, fig 1). When there was no
change in LVEF with exercise, or a rise of 1%

lII.1131 to 11%, the lower limit of the 95% prediction
interval allowed for a fall at six months rang-

.** Ii *l ll 1 l 1 X n ing from 5% to 13% (fig 1).
-15 -10 -5 0 5 10 15 20

Between test difference (%)

The regression line was not different from
the line of unity (95% CI 0-91 to 1 09; fig 1).
For actual baseline resting LVEF of 57%,
55%, 50%, 45%, 40%, 35%, and 30%, the
corresponding lower limit of the 95% predic-
tion interval was 49%, 47%, 42%, 37%,
32%, 27%, and 22% (fig 1). Thus for resting
LVEF, the 95% prediction intervals (%) were

equal to baseline values ± 8.

EXERCISE LVEF
There was no significant group variability in
peak exercise LVEF (mean (SD) 1% (6%)
95% CI 0 to +3, table 1). The subgroup (n
= 24) with normal baseline exercise LVEF
( > 50%) showed no significant between-test
difference (mean 0% (7%); 95% CI -2 to
+ 3). The proportion of patients with <10%
absolute difference between baseline and six-
month measurements was 46 of 51 (90%,
fig 3).
The regression line was not different from

the line of unity (95% CI 0-88 to 1-14, fig 1).

APPARENT DETERIORATION DURING EXERCISE
AT SIX MONTHS
For exercise LVEF and ALVEF, apparent
deterioration was defined as an absolute
decrease of 1% or more from the baseline
value. At six months, 22 patients (mean age
58, range 37-71; 20 men), despite remaining
stable and event free, showed apparent deteri-
oration in exercise LVEF only (n = 3),
ALVEF only (n = 5), or both (n = 14, table
2). For either of these prognostic indices,
only two patients had six month values that
were below the lower limit of the 95% predic-
tion interval, compared with 15 patients if
95% CIs of the group were applied (z = 3-33,
p < 0o001).

Overall, all but three patients had six-
month measurements that fitted within 95%
prediction intervals (table 2). In patient F,
ALVEF was - 13% at baseline and - 26% at
six months; this deterioration was accompa-
nied by the development of symptom free left
bundle branch block. Subsequent arteriogra-
phy undertaken as part of an acute drug trial
showed no progression of her isolated left
anterior descending stenosis. At six months,
patient G's exercise LVEF had fallen from
83% at baseline to 70%, but this was still well
above the lower limit of normal. Finally,
patient Q's six-month measurements of both
indices were worse than predicted, but he
remained stable over the ensuing nine
months.

Over the entire study period of 15 months,
none of the 51 patients had any adverse car-
diac event or underwent repeat arteriography
for new or worsening symptoms. There was
no significant baseline difference between the
patients with and those without "deteriora-
tion" with respect to mean age, resting
LVEF, exercise LVEF, ALVEF, and the pro-
portion taking ,B blockers or with previous
myocardial infarction or triple vessel disease.
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Table 2 Baseline, predicted, and actual values at six months in 22 patients showing apparent deterioration

Exercise LVEF (%l) ALVEF (%)

Patient Baseline Predicted (95% CI) Actual (95% PI) Baseline Predicted (95% CI) Actual (95% PI)

A 36 37 (35 to 38) 40 (24 to 49) -2 -2 (-2 to-1) -4 (-15 to +12)
B 56 57 (55 to 59) 46 (45 to 70) -2 -2 (-2 to-1) -3 (-15 to +12)
C 31 32(30to33) 29(19to44) -4 -3(-4to -2) -7(-16to +10)
D 43 44(42to45) 37(31to56) -12 -10(-12to-7) -15(-23to +4)
E 35 36 (34 to 37) 36 (23 to 48) -7 -6 (-7 to-4) -13 (-19 to +8)
F 48 49 (47 to 51) 44 (36 to 61) -13 -10 (-13 to-8) -26 (-24 to +3)
G 83 85(82to87) 70(72to97) +24 +19(+15to +23) +11 (+5 to +33)
H 30 31 (30 to 32) 30 (18 to 43) -10 -8 (-10 to-6) -15 (-21 to +5)
I 58 59(57to61) 55(47to72) -2 -2(-2to-1) -1 (-15to +12)
J 49 50 (48 to 52) 46 (37 to 62) -10 - 8 (-10 to - 6) - 13 (-21 to +5)
K 38 39 (37 to 40) 35 (26 to 5f) -6 -5 (-6 to-4) -9 (-18 to +8)
L 52 53 (51 to 55) 46 (41 to 65) '+2r +2 (+1 to +2) -8 (-12 to +15)
M 35 36 (34 to 37) 28 (23 to 48) +13 + 10 (+8 to +13) +6 (-3 to +24)
N 70 71 (69 to 74) 66 (59 to 84) +13 + 10 (+8 to +13)' +9 (-3 to +24)
0 53 54(52to56) 59(42to66) +7 +6(+4to +7) +4(-8to +19)
P 48 49 (47to51) 45 (36to61) -7 -6 (-7to -4) -10 (-19to +8)
Q 58 59(57to61) 46(47to72) 0 0(0to0) -14(-13to +13)
R 44 45 (43 to 46) 49 (32 to 57) -27 -21 (-26 to-17) -28 (-36 to-7)
S 66 67 (65 to 70) 65 (55 to 80) +21 + 17 (+13 to +20) + 17 (+3 to +30)
T 73 74 (72 to 77) 72 (62 to 87) +23 + 18 (+14 to +22) + 16 (+4 to +32)
U 52 53(51to55) 50(41to65) +11 +9(+7to +11) +12(-5to +22)
V 53 54 (52 to 56) 50 (42 to 66) - 8 - 6 (- 8 to - 5) 0 (-20 to + 7)

95% PI, 95% prediction interval.

Discussion
STUDY RATIONALE
The method of first pass radionuclide ven-
triculography is well suited to the study of the
natural history of cardiac disease.'0 For
groups of patients with coronary disease, the
short-term reproducibility of analysis of left
ventricular function has been extensively
reported, albeit limited to indices only at
rest.7' 12 Although biological variability may
be minimised by repeating the test within a
short time, short-term results may not be
relevant to long-term serial evaluation.
Similarly, group mean data may not apply -to
the assessment of individual patients.

Moreover, equilibrium studies in patients
with ischaemic heart disease have not exam-
ined reproducibility beyond four to six
weeks."--5 Even this period does not reflect
the more usual follow up practice of half
yearly or annual retesting. Also, there are
sparse data on the reproducibility of the
method when systematically performed with
anti-ischaemic medication. Finally, the prob-
lem of how to define long-term "deteriora-
tion" in prognostic LVEF indices in the
individual patient has not been considered.

PATIENT SELECTION
This study has therefore focused on the long-
term reproducibility of, and prediction inter-
vals for, LVEF measurement in medically
treated patients with minimally symptomatic
non-critical coronary artery disease that could
be revascularised. Such patients were selected
for study because they constitute a sizable
group who, having undergone arteriography,
are initially recommended conservative man-
agement. In some cases, medical treatment
may initially be advised to avoid premature
revascularisation.'6 In others, the decision
between early revascularisation or continuing
with medical treatment may be borderline. In
all these patients, the purpose of follow up is
to help decide on the optimal timing of
potential intervention. Such continuing care
may incorporate regular stress tests.

PRACTICAL CONSIDERATIONS
Although our study did not specifically test
for an exercise training effect, we found that
at six months, as many patients improved
their LVEF indices as did not, and there was
no change in heart rate at rest or exercise
from baseline. Even if evident, a training
effect would tend to lead to improvement in
six-month results, a phenomenon that,
although desirable is of far less clinical import
than deterioration despite clinical stability on
medication.

Patients may have minimal symptoms
because-they are already well established on
medication. Stress tests without the need for
temporarily stopping such medication avoids
the anxiety that may sometimes accompany
withdrawal from treatment. Furthermore,
prognostic radionuclide ventriculography may
be more helpful if performed with rather than
without anti-ischaemic medication.'7

PREDICTION INTERVALS
Assuming that deterioration from baseline
may indicate the increased propensity to
instability that serial tests aim to detect, what
change in ejection fraction should be consid-
ered clinically important for the individual
patient?
Some guidance may be derived from the

95% prediction intervals that specify the sta-
tistically ordered limits within which an indi-
vidual patient's subsequent result should lie
within 95% probability. A subsequent mea-
surement outside the lower limit of 95% pre-
diction intervals would indicate with 95%
certainty a real change from baseline-that is,
a true deterioration in the individual patient.
Conversely, a result that remains well within
the 95% prediction intervals remains within
the random variation inherent in the test as
applied to the individual patient. Thus on the
basis of probability, the lower limit suggests
the minimum change that might be consid-
ered clinically important.

In this study, prediction intervals were
based on 51 patients who had remained
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stable and event free between baseline and
six-month tests, and for up to nine months
thereafter. Increasing the sample size does
not significantly narrow prediction intervals
because they mainly reflect the scatter of indi-
vidual data about the fitted regression line.8
When trying to predict six-month values,
these prediction intervals imply greater vari-
ability of measurement for an individual
patient compared with narrower CIs for a
group of patients. For example, for a baseline
exercise LVEF of 50%, the six month mea-
surement (assuming no real change) would
be expected to lie between 49% and 53%
(95% CI) in a group, and in the individual
patient, between 38% and 63% (95% predic-
tion interval).

STUDY LIM1TATIONS
As the antithesis of reproducibility, unpre-
dictability is not only inherent in behaviour of
coronary disease but also it may be largely
independent of anatomical progression. It has
been assumed, however, that any progression
that is significant enough may be reflected in
deterioration of the ejection fraction response
to exercise. Because this clinical study was
not designed to detect subclinical progression
of coronary artery disease, arteriography was
repeated only if clinically indicated.
Performed just once, arteriography poorly
predicts the time and location of subsequent
myocardial infarction,'820 but when progres-
sion can be shown on serial tests, it may
reflect potentially aggressive disease.2'
Progression of the coronary lesions them-
selves occurs unpredictably,22 23 and the mini-
mum change required for defining true
progression is set arbitrarily.2024 There is thus
no perfect test-whether anatomical or func-
tional-to predict an imminent adverse car-
diac event. Furthermore, a few patients may
show excessive between-test variability with
radionuclide ventriculography, thereby pre-
cluding their benefit from further tests.

CLINICAL PERSPECTIVE
These limitations should not detract from the
purpose of follow up for most patients, which
is to detect simply, reliably, and non-inva-
sively a clinically significant change from
baseline so that appropriate and timely inter-
vention can be considered. Whether predic-
tion intervals should be tightened (set at a
probability lower than 95%, such as 90%)
can only be determined when fiuther study
incorporates systematic quantitative coronary
arteriography to test subclinical progression
to critical anatomical disease and the criteria
for prognostically significant results are
defined for radionuclide ventriculography
performed with medication. For the present,
the clinical importance of a result that
approaches or exceeds the lower limit speci-
fied by prediction intervals depends on the
clinician being alerted to review the need for
repeat arteriography or timely revascularisa-
tion in the patients. Such a strategy may find
potential application in other clinical situa-
tions where the interpretation of serial

changes relates to the individual patient
rather than to a group.

CONCLUSION
Applying a design that reflects routine clinical
practice in a well characterised commonly
encountered population, this study has shown
that the long-term serial measurement of
prognostic LVEF indices is sufficiently pre-
dictable to contribute to the follow up of the
individual patient with coronary artery dis-
ease. In the minimally symptomatic patient
who is initially treated medically, serial
changes in these prognostic indices may be
interpreted more meaningfully with reference
to 95% prediction intervals, either indicating
stability or alerting the clinician to the need
for closer review.
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and is given by
Sres= 1/n-2 (S,v - bS,)
S_, =Yy?2 -( y)'In

that is, the sum of squares of Y values about
their means.

S, ,, = I xyi- ( xiE y,)ln
that is, the sum of products.

b = slope of regression line.
Thus for a given baseline measurement the

95% prediction interval for a predicted 6-
month value
= Predicted 6-month value ± (to.975 - SDe)
where t is on n - 2 degrees of freedom.
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Clinical guidelines

The host hospital should have:
(a) A cardiac arrest team trained in car-
diopulmonary resuscitation
(b) A cardiac care unit with facilities for
temporary pacing
(c) A volume of work sufficient to maintain
expertise. Levels agreed in the document
"Strategic planning for cardiac services and
the internal market: role of catheterisation
laboratories in district general hospitals"
seem appropriate for individual operators
(d) Links with a specialist/surgical centre for
urgent transfer of patients if needed.

The host hospitals should ensure:
(a) That their radiological protection
officer, infection control officer, and fire
prevention officer all are satisfied about
arrangements both for routine operating
and in case of emergency
(b) That the mobile catheter laboratory is
linked directly to the host hospital switch-
board
(c) That all the potential members of the
host hospital's cardiac arrest team (physi-
cians, anaesthetists, and porters) are aware
of the location of the mobile laboratory and
how to gain access when required in an
emergency
(d) That appropriate arrangements are
made for patients to go between the mobile
catheter laboratory and an area for recovery
staffed by nurses who have had specific
training in the care of arterial puncture sites
and complications of catheterisation. This
area should have full resuscitation equip-
ment
(e) That all personnel directly involved in
patient care have read any procedure
manual agreed between the parties
(f) That all patients using the mobile
catheter laboratory have adequate registra-
tion data and case records and that all
records of the procedure (film, video, pres-
sure data) are archived at an agreed site
(g) That the manager of the mobile catheter
laboratory is given 36 hours' warning if any
of the patients is infected with HIV or
hepatitis B or presents any other infection
risk
(h) That if patients are catheterised in a dis-
trict general hospital the consultant cardiol-
ogist is on site and immediately available
(t) That if patients are catheterised in the
mobile laboratory by a visiting cardiologist,
the local physician who has responsibility
for the patients is clearly defined and that
he/she is suitably trained to manage compli-
cations of catheterisation after the visiting
cardiologist has left the site.

The manager of the mobile catheter labora-
tory is responsible for:
(a) Ensuring that the parties agree proce-
dures and responsibilities before clinical
work begins
(b) Ensuring the smooth operating of the
equipment and that all safety standards are
met
(c) That all staff provided by the mobile
catheter laboratory company are adequately
trained for their roles
(d) That full and functioning resuscitation
equipment is carried on the mobile catheter
laboratories and that staff are proficient in
cardiopulmonary resuscitation.

APPROPRIATE PROCEDURES
Where a mobile laboratory is used in a
hospital that also has a fixed catheterisation
laboratory all catheterisation procedures
including coronary angioplasty can be
undertaken.

If the mobile laboratory is visiting a hos-
pital that does not have a fixed laboratory
only diagnostic catheterisation should be
undertaken. Angioplasty is not appropriate
because if there is a vessel occlusion after
the mobile laboratory has left the premises
there will be no facilities available for imag-
ing. Patients likely to require urgent inter-
vention should be referred to a tertiary
centre.

Provided that these guidelines are
adhered to there is no reason to suppose
that safety standards will be any different in
mobile laboratories and fixed laboratories.
We recommend, however, that the UK
Confidential Enquiry into Cardiac Catheter
Complications develop a means of identify-
ing cases catheterised in mobile laboratories
to enable appropriate audit so that compli-
cation rates can be compared with those of
fixed laboratories. Both NHS and private
laboratories should return data.

CORRECTION

Novel approach to the interpretation of
long-term "deterioration" in ejection
fraction in individual patients with
coronary artery disease. Richard Lim,
Lorraine Dyke, Janice Thomas, Duncan S
Dymond

Several errors appeared in the appendix to
this article (Br Heart J 1993;70:226-32). A
corrected version appears below.

Appendix
For a given baseline measurement xo, the
estimated standard deviation (SD,) of indi-
vidual predicted 6-month values is given by

SD, = SDm, +(l/n)+{(x0-i)2/S,,}
where n = sample size

x = mean ofX values
S,, = JX - {(2x,)2n}

that is, the sum of squares ofX values about
their mean.
The residual standard deviation (SDm,,) is

a measure of the goodness-of-fit of the
regression line in the units of measurement,
and is given by

SD,,, = ,(Sw- bS,)/(n -2)
where S,, = £y2- {(£y,)2/n}
that is, the sum of square of Y values about
their mean.

S,,, = xiyi -{(I2xiIyj)/n}
that is, the sum of products.

b = slope of regression line.
Thus for a given baseline measurement

the 95% prediction interval for a predicted
6-month value
= Predicted 6-month value ± (t.,75 x SD,)

where t is on n - 2 degrees of freedom.

NOTICE

The 1994 Annual Meeting of the British
Cardiac Society will take place at the
Riviera Centre, Torquay from 17 to 20
May.
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