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Abstract
The prognosis of individual patients with
transient ischaemic attacks (TIAs) is
extremely variable; some patients are at
high risk and others at low risk of a seri-
ous vascular event. Prediction equations
of outcome were developed, based on
eight clinical prognostic factors, from a
cohort of 469 hospital-referred TIA
patients ("training" data set), that
enable high (and low) risk patients to be
identified and for whom costly and risky
treatments may (or may not) be tar-
geted. The study aimed to determine
whether these equations are externally
valid and can predict outcome, with reli-
ability and discrnimination, in two inde-
pendent cohorts of TIA patients ("test"
data sets): 1653 TIA patients in the UK-
TIA aspirin trial and 107 TIA patients in
the Oxfordshire Community Stroke
Project. Predicted outcomes agreed
closely with the observed outcomes in the
"test" data sets (reliability) for all out-
come events at low five year risk (<30%)
but the estimates of risk were less precise
in groups predicted to have a high five
year risk (>40%/6). The prediction equa-
tions were fairly accurate in discriminat-
ing between patients who subsequently
suffered the outcome event of interest
and those who survived free of the event
at five years after the TIA, particularly at
lower cut-off levels distinguishing high
and low risk (for example, <30% vs >30%
at five years). It is very difficult to
achieve perfect discrimination because
there is no single important prognostic
factor for TIA patients that indicates
whether a patient is going to suffer an
event or not. These equations can be
used to provide a reliable estimate of the
absolute five year risk of a serious vascu-
lar event in hospital-referred TIA
patients but they cannot, as yet, be used
with confidence to distinguish patients at
high risk from patients at low risk.

(7 Neurol Neurosurg Psychiatry 1993;56:752-759)

As a group, patients with transient ischaemic
attacks (TIAs) have an increased risk of
stroke and other serious vascular events.1 2 As

individuals, however, the prognosis is
extremely variable. Now that effective treat-
ments are available for TIA patients,'8 some
of which are expensive and risky,7 8 it is
important that patients at high and low risk
can be distinguished so that effective but
costly and risky treatments can be targeted to
the high risk patients in addition to less
expensive and safer treatments which can be
offered to a wider range of patients.
We have recently developed prediction

equations (that is, mathematical models) for
TIA patients for three important vascular out-
come events (i. stroke, ii. coronary event, and iii.
the composite outcome event stroke, myocardial
infarction or vascular death). These were based
on eight simple clinical variables collected at
presentation in a cohort of 469 hospital-
referred patients with TIA due to presumed
large vessel atherothromboembolism, small
vessel lipohyalinosis or cardiogenic embolism.9
However, we cautioned against their wide-
spread acceptance because they had not been
validated externally in another independent
cohort of TIA patients'0 11; only one other
attempt has been made to validate a prediction
equation for TIA patients but this was unsuc-
cessful, perhaps because the original equation
was based on a retrospective study of a rather
small number of outcome events.'2 In this
paper we examine the external validity of our
predictive equations in two independent
groups of TIA patients from the UK-TIA
aspirin trial"3 and the Oxfordshire Community
Stroke Project.' 14 15

Patients and methods
The original prediction equations for i) first-
ever stroke, ii) coronary event, and iii) the com-
posite event stroke, myocardial infarction (MI)
or vascular death, were derived from a Cox
proportional hazards multiple regression
analysis of the clinical and survival data of a
cohort of 469 hospital-referred TIA patients
(the "training" data set).2 9 A prediction equa-
tion for stroke, MI or death was also developed
(unpublished) to examine the effect of cen-
sorship by death before five years on the vali-
dation of the prediction equations, and to
demonstrate that there were no major qualita-
tive differences in the validity of the equations
for all four outcome events that might have
been caused by the limited violation of the
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assumption that any patient who is censored
has the same chance of suffering an outcome
event as an uncensored individual with simi-
lar prognostic variables.
The internal validity (or predictive accu-

racy) of the equations was examined by
applying them to the "training" data set from
which they were derived. The external validity
of the equations was examined by applying
them to two independent "test" data sets: a
cohort of 1653 TIA patients in the UK-TIA
aspirin trial'3 and 107 TIA patients in the
Oxfordshire Community Stroke Project
(OCSP).' 1415 For the purposes of this study,
601 patients in the UK-TIA aspirin trial who
presented with minor stroke and 13 patients
who presented with a TIA that was probably
not due to large artery atherothromboem-
bolism, lipohyalinosis or cardiogenic embol-
ism were excluded from the original cohort of
2435 patients to preserve diagnostic unifor-
mity. In addition, 168 TIA patients in the
original UK-TIA aspirin trial cohort and 77
TIA patients in the original OCSP cohort
who had been included in the hospital-ref-
fered "training" data set were excluded to
avoid any overlap between cohorts (this over-
lap of patients was because all three studies
were in progress in Oxford at the same time).
The patients in the UK-TIA aspirin trial were
all followed up until October 1990.
Two aspects of validity were examined:

reliability and discrimination.'6 Reliability is a
measure of how well the predictions of the
equations correspond with observed out-
comes. Discrimination is a measure of how
well the equations separate individual patients
with good and poor outcomes (that is, at low
and high risk).'6

Reliability was assessed by dividing the
independent "test" sample of TIA patients
into (prognostic) groups according to each
patient's predicted probability of an outcome
event at five years. We then compared the
predicted mean probability of the outcome
event of interest in each prognostic group
with the "observed" proportion in each group,
which was derived from the Kaplan-Meier
estimate.'6 17 (The "observed" proportions
[and numbers] of patients are actuarial esti-
mates because the Kaplan-Meier technique
censors individuals from the analysis if they
die of an event not being considered in that
particular analysis, or are not followed up for
a full five years.) The mean predicted and
"observed" outcome probabilities in each
prognostic group were plotted against each
other; perfect reliability being represented by
a diagonal line of identity. Reliability was not
assessed on an individual patient basis
because an individual's survival at five years
can only be 0% or 100%. The reliability of
the prediction equations was only assessed in
the UK-TIA aspirin trial cohort because the
number of outcome events in each arbitrarily
defined prognostic group in the OCSP cohort
was too small for meaningful analysis.
The discrimination of the prediction equa-

tions was assessed on an individual patient by
patient basis. The "test" data set was divided

into two groups of patients according to a
threshold probability p: any patient receiving
a score of at least p was predicted to be at
"high" risk of suffering the outcome event of
interest at an arbitrarily appointed time (five
years, in this case) whereas any patient receiv-
ing a score of less than p was classified as
"low risk". For each of several arbitrarily
defined "thresholds" of probability (e.g. p <
or 2 10%, < or 2 20%, < or 2 30%, etc.)
different groups of patients predicted to be at
high and low risk were obtained. Within these
groups each patient suffered the outcome
event, did not suffer the outcome event but
was observed for a full five years, or was cen-
sored by either the end of the study or by
death from some other cause.
The "observed" number of patients in each

predicted (high and low) risk group who had,
and had not, suffered the outcome event of
interest at five years was estimated by means
of the Kaplan-Meier technique,'7 taking into
account those individuals who had been cen-
sored before five years.

For each threshold of probability, a two-
by-two table was constructed using a) the
number of patients predicted to be at low risk
who were "observed" to have not suffered the
outcome event; b) the number of patients
predicted to be at low risk who were
"observed" to have suffered the outcome
event; c) the number of patients predicted to
be high risk who were "observed" to have not
suffered the outcome event, and d) the num-
ber of patients predicted to be high risk who
were "observed" to have suffered the out-
come event. The sensitivity and specificity"
of the predictions were calculated; the sensi-
tivity being the proportion of patients
"observed" to have suffered the outcome
event who were predicted to be at high risk of
suffering the event, and the specificity being
the proportion of patients "observed" to have
not suffered the event who were predicted to
be at low risk. An odds ratio was also calcu-
lated, describing the odds of suffering an
event if predicted to be at high risk to the
odds of an event if predicted to be at low risk.
We then plotted the "sensitivity" (or true pos-
itive rate) against "1-specificity" (or false pos-
itive rate) of the prediction equation for each
of the arbitrarily designated thresholds of
probability (or cut-off points) separating high
and low risk groups and thereby constructed
a receiver-operator characteristic (ROC)'819
graph. The overall accuracy of a prediction
equation can be described by the area under
the ROC curve, which ranges from 0 to 1. An
area of 1-0 indicates perfect discrimination,
an area of 0-5 represents no discrimination
(that is, the equivalent of a random perfor-
mance), and values less than 0-5 are
associated with a worse-than-random per-
formance.'81 9 The area under the ROG curve
can be interpreted as the probability that ran-
domly chosen high and low risk patients will
be ranked correctly. Another way of estimat-
ing the same quantity (probability of a correct
ranking) is by calculating the non-parametric
Wilcoxon or Mann-Whitney statistic (W),
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Figure 1 Reliability of
the prediction equation for
stroke, MI or vascular
death tested in the UK-
TM aspirin trial cohort of
1653 TM patients. The
dotted diagonal line
represents the line of
identity, indicating perfect
reliability.

Risk of STROKE, MYOCARDIAL INFARCTION or VASCULAR DEATH

100

X 60-

- 40
-

a

"Observed" risk (%)

using standard methods.19 The result is a sin-
gle numerical value which identifies the over-
all location of an ROC curve relative to the
(non-informative) diagonal. It may be
regarded as a summary measure of the dis-
criminating power of the equation over the
whole range of criteria (or cut-off points) for
distinguishing high from low risk groups. The
95% confidence interval (CI) of W quantifies
how variable W (or the area under the ROC
curve) will be in different samples of similar
size and if the lower CI is greater than 0 5,
the equation's performance is significantly
better than chance. The ROC curve not only
illustrates overall discriminative validity but
also discriminative validity over a range of dif-
ferent cut-off probability thresholds (or risks).
It shows how severe the trade-off is between
sensitivity and specificity and indicates where
the best cut-off point may be.

Table 1 Baseline characteristics and treatments of the TIA patients in each of the three cohorts

Characteristics Hospital-Referred UK-TIA aspirin trial Community (OCSP)
(for definitions, see reference 2) ("training" data set) ("test" data set) ("test" data set)

No. patients presenting with TIA (brain or eye) 469 1653 107
Presenting condition:
TIA brain 311 (66) 1278 (77) 95 (89)
TIA eye (amaurosis fugax) 158 (34) 252 (15) 7 (7)
TIA brain and TIA eye 123 (7) 5 (5)

Presumed arterial territory
No.(%) carotid 346 (74) 1231 (74) 77 (72)
No.(%) carotid and vertobrobasilar 36 (8) 90 (5) 7 (7)
No.(%) vertebrobasilar or uncertain 87 (19) 332 (20) 23 (21)
Mean (SD) age in years 62-1 (12) 60-0 (9) 72-1 (12)
No.(%) with age >65 years 218 (46 494 (30) 78 (73)
No.(%) of men 317 (68) 1118 (68) 49 (46)
No.(%) of current smokers 221 (47) 882 (53) 27 (25)
No.(%) with hypertension* 198 (42) 598 (36) 66 (62)
No.(%) with ischaemic heart disease* 99 (21) 341 (21) 28 (26)
No. (%) with atrial fibrillation 18 (4) 30 (2) 23 (21)
No. (%)with ECG evidence ofLV strain or LVH 46 (10) 107 (6) 21 (20)
No.(%) with peripheral vascular disease* 79 (17) 195 (12) 11 (10)
No.(%) with residual neurological signs 26 (6) 103 (6) 13 (12)
No. (%)with diabetes* 25 (5) 60 (4) 12 (11)
No.(%) with hypercholesterolaemia 201 (42) 564 (34) 43 (40)
No.(%) with haematocrit > 0 50 46 (10) 53 (3) 10 (9)
No.(%) with presumed infarction on CT scan/no.

of scans 52/302 (17) 107/718 (15) 24/73 (33)
No. (%) having cerebral angiography 229 (49) 441 (27) 13 (12)
Treatment before/at presentation

Antihypertensive 144 (31) 417 (25) - -
Antiplatelet 8 (2) 277 (17) 3 (3)
Anticoagulant 2 (0) 10 (<1) 4 (4)

Treatment during follow-up
Antihypertensive 179 (38) - - - -

Antiplatelet 239** (51) 1187 (72) 52 (49)
Anticoagulant 11 (2) 102 (6) 11 (10)
Carotid endarterectomy 55** (12) 78 (5) 2 (2)

*Slightly different definitions of disease/risk factor between the OCSP and hospital studies; that is, same definitions for hospital
series and UK-TIA aspirin trial
**an additional 54 (12%) patients were taking placebo in the UK-TIA aspirin trial
***an additional 27 (6%) patients were randomised to "no surgery" in the European Carotid Surgery Trial

Table 2 Reliability of the prediction equation for stroke, myocardial infarction or vascular death tested in the UK-TIA
aspinin trial cohort of 1653 TM patients
PREDICTED "OBSERVED"
risk ofSTROKE, MI or VASCULAR DEATH risk ofSTROKE, MI or VASCULAR DEATH
atfive years (%o) atfive years (%)

Observed risk No. ofpatients
Predicted risk Number ofpatients at Syears "observed" to
at 5years Number ofpatients predicted to Kaplan-Meier 95% confidence have had an event
% (mean, %) at risk have an event estimate (%) interval (%) (Kaplan-Meier)

90-100 94 7 13 12 31-6 13 to 64 4
80-90 83-4 24 20 43-0 26 to 65 10
70-80 74-2 30 22 47-6 31 to 68 14
60-70 63-7 42 27 36-8 24 to 54 16
50-60 54-6 73 40 33.0 23 to 45 24
40-50 44-4 117 52 41-6 33 to 51 49
30-40 34-5 220 76 27-9 22 to 34 61
20-30 24-7 389 96 23-7 20 to 28 92
10-20 14-8 509 75 16-9 14 to 20 86
0-10 7-3 236 17 7-3 5 to 12 17
Entire cohort 26-5 1653 437 22-5 21 to 25 373
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STROKE, MYOCARDIAL INFARCTION or VASCULAR DEATH
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Figure 2 Histogram showing the number ofpatients in each predicted risk group who
were "observed" to suffer a stroke, MI or vascular death during the firstfive years after
TIA in the UK-TIA aspirin trial cohort of 1653 patients.

External validation of the prediction equation for
STROKE, MYOCARDIAL INFARCTION or VASCULAR DEATH

in the UK-TIA aspirin trial TIA patients (n=1653)
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Figure 3 Receiver operator characteristic (ROC) curve iUustratin
discrimination of the prediction equation for stroke, MI or vascula
UK-TIA aspirin trial cohort of 1653 TIA patients. The percentage
along the ROC curve correspond to different cut-offpoints, or thresi
suffering a stroke, MI or vascular death at five years, at which h
distinguished. The dotted diagonal line runningfrom lower left to u,
equation that contributes no discriminative information (area unde
Prediction equations that discriminate well have ROC curves whic)
upper left hand corner of the graph.

Results
Base-line characteristics (table 1)
In comparison with the hospital-referred
series, the patients in the UK-TIA aspirin
trial were younger and had a higher preva-
lence of cigarette smokers and a lower preva-
lence of amaurosis fugax (AFx),
hypertension, atrial fibrillation (AF), left ven-
tricular hypertrophy (LVH), peripheral vas-
cular disease, hypercholesterolaemia, and
elevated haematocrit. Antiplatelet and antico-
agulant therapy were more commonly pre-
scribed in the UK-TIA aspirin trial whereas
carotid angiography and endarterectomy were
more frequently performed in the hospital-
referred series. The patients in the OCSP
were older than the hospital-referred series
and had a greater prevalence of women,
hypertension, AF, LVH, residual neurological
signs, diabetes mellitus and cranial CT scan
evidence of a low density area(s) consistent
with infarction, and a lower prevalence of
AFx, cigarette smokers and carotid bruit.
Again, carotid angiography and endarterec-
tomy was performed more frequently in the
hospital-referred series while a greater pro-
portion of OCSP patients were treated with
anticoagulant therapy.

Validation of the prediction equations (models)
In the interests of keeping the size of this
paper to a minimum, we will present only the
results of the validation studies for stroke, MI
or vascular death. The results are available for
the other outcome events and the results are
similar.

a) Reliability
Table 2 and fig 1 illustrate the reliability of
the prediction equation for stroke, MI or vas-
cular death as tested in the UK-TIA aspirin
trial cohort. Fig 1 shows that the predicted
and "observed" risks closely follow the diago-
nal line representing equal predicted and
"observed" risks. The estimates of risk were
less precise, with wider 95% confidence inter-
vals, in groups predicted to have a high risk
(that is, greater than about 40% at five years)
because the number of outcome events was
small in these groups. Figure 2, derived from
table 2, shows that most of the outcome
events occurred in the TIA patients at lowest
predicted risk.

b) Discrimination
In each arbitrarily defined predicted risk
group for stroke, MI or vascular death at five
years, table 3 shows: the number of UK-TIA

0.8 1.0 aspirin trial patients in each predicted risk
group; the "observed" probability of surviv-
ing free of this outcome event at five years;
the "observed" number of survivors free of
the outcome; the "observed" number of

ig the external patients who did not survive free of the out-
r death, tested in the come; the sensitivity (true positive rate) of
,sat different points tepei
holdprobabilittesof the prediction of high risk; one minus the
igh and lw risk are specificity (false positive rate); and the ratio
pper right describes an of the odds of patients suffering the outcome
r the curve = 0 5). event if predicted to be at high risk to the

happroach the
odds of patients suffering the outcome event
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Table 3 External discimination ofpatients at high and low risk in the UK-TIA aspiin trial.
Kaplan-Meier estimates of outcome at five years, by prognostic group, in the UK-TI aspirin trial

STROKE, MYOCARDIAL INFARCTION or VASCULAR DEATH
Kaplan-Meier "Observed" "Observed"

Number ofpatients estimate of number number
in UK-TIA trial the "observed" free of with

Risk group with this level of survival-free the event the event Odds
(predicted) predicted risk (n) of the event (KM estimate) (n-KM estimate) Sensitivity 1-Specificity Ratio*

<90% 1640 0-775 1271 369 0 01 0 01 1-6
>90% 13 0-684 8-89 4-11
<80% 1616 0-778 1257-2 358-8 0 04 0-02 2-3
>80% 37 0-609 22-5 14-5
<70% 1586 0-783 1241-8 344-2 0-08 0 03 2-7
>70% 67 0 574 38-5 28-5
<60% 1544 0-787 1215-1 328-9 0-12 0-05 2-5
>60% 109 0 597 65-1 43 9
<50% 1471 0-793 1166-5 304 5 0-18 0 09 2-3
>50% 182 0-626 113-9 68-1
<40% 1354 0-811 1098-1 255-9 0-31 0-14 2-8
,40% 299 0-609 182-1 116-9
<30% 1134 0-828 939 195 0-48 0-27 2-5
30% 519 0-657 341 178

<20% 745 0-861 641-4 103-6 0-72 0-50 2-6
,20% 908 0 703 638-3 269-7
<10% 236 0-927 218-7 17-2 0 95 0-83 4-3
> 10% 1417 0-749 1061-3 355-7
OVERALL 1653 0 774 1279-4 373-6

W = 0-65 (95% confidence interval 0-62 to 0 68)
KM: Kaplan-Meier
*The odds ratio in this context is the ratio of the odds of a patient suffering an event (stroke, MI or vascular death) if predicted to
be at high risk of the event, to the odds of a patient suffering an event if predicted to be at low risk.

if predicted to be at low risk. For example, if
we consider 90% as the cut off between high
and low risk, table 3 shows that the Kaplan-
Meier estimate of survival free of stroke, MI
or vascular death at five years in the "test"
data set of UK-TIA aspirin trial patients was

0 775 in the group of patients predicted to
be at low risk and 0-684 in the group pre-
dicted to be at high risk. There were 1640
patients in the group predicted to be at low
risk and 13 patients in the high risk group.
Among the 1640 low risk patients, 1271
were "observed" to survive free of stroke, MI
or vascular death at five years, and 369 were

"observed" to have suffered a stroke, MI or

vascular death at five years. Among the 13
high risk patients, 9 were "observed" to sur-

vive free of stroke, MI or vascular death at five
years (actually 8-89 [13 x 0-684], based on

the Kaplan-Meier estimate), and 4 were

"observed" to have suffered a stroke, MI or

vascular death at five years (actually 4-11).
The sensitivity of the prediction by the equa-
tion was 0-01 (4.11/[4'11 + 369]), and one

minus the specificity was 0-01 (8 89/[8 89 +

1271]). The ratio of the odds of patients suf-
fering the outcome event if predicted to be at
high risk of the outcome event (4.11/8-89 =

0 46) to the odds of patients suffering the
outcome event if predicted to be at low risk
(369/1271 = 0.29) was 1-6 (0-46/0 29).

Figure 3 is an ROC curve showing the
discriminative external validity of the predic-
tion equation for stroke, MI or vascular death
at five years in the UK-TIA aspirin trial
cohort. The index of discrimination, based
on the W statistic for stroke, MI or vascular
death, is tabulated at the bottom of table 3.

Comparison of internal validity and external
validity
Figure 4 compares the ROC curves of the
hospital referred series (internal validation)
with the UK-TIA aspirin trial and OCSP

cohorts (external validation) for stroke, MI or
vascular death at five years. In the UK-TIA
aspirin trial cohort, the prediction equations
performed best when the cut-off for discrimi-
nating between high and low risk was at a low
risk level (less than about 30% to 40% risk at
five years), corresponding to the right side of
the ROC curves. At these lower cut-off levels
of risk, there was little difference between the
internal and external validation curves, per-
haps because the number of patients and out-
come events were large and the estimates
therefore fairly precise. At cut-off points
above about 30 to 40% (refer to fig 3 for
approximate location of cut-off points along
the ROC curve), the number of patients and
outcome events were smaller. Consequently,
the results were prone to sampling error and
less precise. Similarly, the greater irregularity
of estimates in the OCSP reflected the
smaller number of patients and outcome
events and potential for sampling error.

Discussion
Clinical prediction equations are a form of
health care technology which demand the
same rigorous evaluation as new diagnostic
techniques and interventions. Not only must
the outcome events and predictive findings be
clearly defined and relevant to medical prac-
tice, but the prediction equations must be
shown to be valid. Moreover, the "acid test"
of a prediction equation is not the quality of
prediction that it achieves in the "training"
data set from which it was derived (internal
validity) but its predictive accuracy (external
validity) in other, independent "test" data
sets.'01' Of course, it is highly unlikely that a
prediction equation derived from patients in
the "training" data set will fit another data set
quite so well.'0 16

In this study, the original prediction equa-
tions were validated in two independent
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Figure 4 Receiver operator characteristic (ROC) curves companing the discrimination of
the prediction equation for stroke, MI or vascular death in the hospital-referred cohort of
469 TIA patients (internal discrimination), and the UK-TIA aspirin trial cohort of
1653 TIA patients and the Oxfordshire Community Stroke Project cohort of 107 TIA
patients (external discrimination).

cohorts in terms of reliability (the capacity to
accurately predict the chance of an outcome
event in groups of patients with a certain pre-
dicted risk) and discrimination (the capacity
to discriminate which individual patients are

going to suffer, and not suffer, an outcome
event).
The reliability of the equations was good

for lower risk patients (0 to 30% chance of an
outcome event in the first five years after a
TIA) but for patients at higher risk (for exam-
ple, above about 30 to 40%), each of the pre-
diction equations tended to consistently
overestimate risk. Although the estimates at
high predicted risk were more imprecise, with
wide 95% confidence intervals, this was not
purely a chance effect due to small numbers
because the deviation was consistent for all
outcome events and all increments of risk.
This may be explained by the different inci-
dences of stroke, MI or vascular death in the
"training" and "test" data sets and by the
phenomenon of regression (of estimates)
towards the mean. We have not attempted to
calibrate the equations at high risk points
because a risk of greater than one in three
(33%) of a serious vascular event over the
next five years is high risk by anyone's stan-
dards and well in excess of the risks of high
risk treatments (such as carotid endarterec-
tomy).
The clinical usefulness of a reliable predic-

tion equation is that it allows the risks of the
disease to be compared with the risks of a

treatment. However, for clinicians confronted
with a decision to make about a patient's
management, the reliability (or precision) of a

prediction equation is probably not as impor-
tant as its ability to discriminate between indi-

vidual patients who will suffer the outcome
event and those who will not. For example,
knowing that a patient has a 15% risk of a
stroke in the next five years (with reliability)
is not as useful as knowing whether the
patient is likely to suffer an event or not (dis-
crimination). In addition, no adjustment or
calibration can correct an equation if dis-
crimination deteriorates whereas, with good
discrimination, the predictor can be re-
calibrated to attain better reliability.'6

In this study, the overall discrimination of
the prediction equations was significantly bet-
ter than a random chance performance (the
lowest 95% confidence intervals ofW did not
overlap with 0 5) and there was little differ-
ence between the internal and external valida-
tion, particularly for low risk patients.
However, the overall discrimination was not
as high as we would have hoped; the areas
under the ROC curves did not even approach
one (the highest upper 95% confidence inter-
val for W was 0-83 for stroke, MI or death in
the OCSP). However, it must be emphasised
that it is an inherently difficult task to dis-
criminate which individual TIA patients are
going to suffer, and not suffer, serious vascu-
lar events. This is because there is no power-
ful single clinical prognostic factor for all TIA
patients.

Having examined the performance of a
prediction equation over a wide range of cut-
off points, or thresholds of probability, at
which patients at "high risk" and "low risk"
are discriminated, it is important to examine
the sensitivity and specificity of the prediction
equations at different "cut-off" points, and to
determine where an acceptable trade-off lies
between decreasing the number of false nega-
tives (that is, improving sensitivity) and there-
fore increasing the number of false-positives
(that is, deteriorating specificity), and vice-
versa. The "best" cut-off may be defined in a
number of different ways depending on the
management decisions which are to be made
on the basis of the patient's predicted risk.
Ideally, if the costs and risks of any interven-
tion for a patient with any given level of pre-
dicted risk were known, the best cut-off point
would be the point at which the penalties of
an intervention exceeds the penalties of no
intervention. However, where little informa-
tion is available on the medical and economic
penalties of making inappropriate treatment
decisions, many other, somewhat arbitrary
criteria, exist for selection of cut-off points.
These include a) maximising the ratio of odds
of an adverse event within the group pre-
dicted to be high risk to the odds of an
adverse event within the low risk group; b)
simply minimising the total number of inap-
propriate treatment decisions (such as aggres-
sive treatment of someone who would not
have had an adverse event, or failure to treat
someone who would have had an adverse
event), and c) identifying the point at which
the ROC curve maximally approaches the
upper left hand corner of the box. The prob-
lem with these in the context of TIA patients
is that the ROC curve is based on a mathe-
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matical model that is trying to distinguish two
distinct (high and low risk) groups. If the two
groups were clearly distinct it would be sensi-
ble to select a point on the ROC curve that
indicated maximum discrimination. How-
ever, a cohort of TIA patients is not really
made up of two distinct populations but is
more a population of people who have a
whole range of different probabilities of
stroke. Although these probabilities can be
calculated with accuracy and reliability it is
difficult to discriminate a fairly homogeneous
cohort of high or low risk TIA patients. We
have discussed the possible best cut-off points
for high and low risk on the basis of data
from the ROC curves and the odds ratios but
acknowledge that more data need to be col-
lected on risks and costs before better deci-
sion making processes can be applied.
As the validity of the prediction equations

was best at lower cut-off points for high and
low risk at five years (<30%), and as there is
probably little practical importance of distin-
guishing a 30% risk from a 50% or 70% risk
(they are all high risks), it is presently recom-
mended that the equations be accepted as
reliable up to about a 30% risk of an outcome
event at five years, and that patients predicted
to be at higher risk than that should be classi-
fied simply as "high risk". However, a lot
more work is needed in this area. In particu-
lar, we need to seek whether there is any asso-
ciation between the predicted risk status of a
patient and the risk of treatment and to
decide over what time period the predicted
risks should be examined and compared with
the risks of treatment.
The prediction equations that have been

adopted most widely in other disorders, such
as the acute abdomen20 and head injured
patients,2' have all been validated repeatedly
in a variety of test data sets. We are also
examining the external validity of our predic-
tion equations in the Dutch TIA trial22 and
the European Carotid Surgery Trial7 cohorts
of TIA patients. The next step will be to
determine whether these equations, if and
when widely validated, produce clinical bene-
fits that are cost-effective when applied
prospectively.10

In addition, it is relevant to consider an
important finding, incidental to the aim of
this study, that most of the outcome events
occur in the TIA patients with lower pre-
dicted and "observed" risks. This is the same
situation that is seen with other risk factors
for stroke, such as blood pressure and choles-
terol; most strokes occur in people with a
"normal" blood pressure and cholesterol.2'24

Conclusions
1) The process of risk stratification recognises
that costly and risky investigations and treat-
ments, such as carotid angiography and
endarterectomy, may improve outcome in
TIA patients who are at high risk of stroke,
despite "best" medical therapy.

2) Costly and risky interventions will have
little favourable effect however on the excel-

lent prognosis of TIA patients in the low-risk
groups.

3) Our prediction equations, based on
eight clinical variables that can be obtained at
the bedside, are simple and reliable predictors
of stroke and other serious vascular events for
groups of TIA patients of similar predicted
risk, and are better clinical tools than chance
for stratifying individual TIA patients into
categories of high and low risk of subsequent
serious vascular events. The very similar pre-
dictive capacity of the equations in the "train-
ing" and "test" populations, particularly at
low levels of risk (less than about 30% at five
years), indicates that the equations have the
potential to be generalised to different TIA
populations and provide reasonably accurate
prognostic stratification in those patients.
However, the equations may perform less
well if used in patient populations with a con-
siderably lower prevalence of prognostic fac-
tors than the patients in our "training" and
"test" cohorts.

4) The role of prediction equations in pub-
lic health is to distinguish high and low risk
patients so only the high risk patients are
exposed to costly and risky (but effective)
treatments, while the low risk patients are not
exposed to these treatments that are poten-
tially dangerous and consume medical
resources unnecessarily.

5) Prediction equations should be used
with caution; they should not lead to overem-
phasis on the need to identify and treat only
high risk patients because most strokes, and
other vascular outcome events, occur in
patients who are predicted to be at lower risk
(in the same way that most strokes occur in
people with "normal" blood pressure and
plasma cholesterol, who are considered to be
at low risk). This emphasises the complemen-
tary benefits of the mass strategy of stroke
prevention; simple, inexpensive and safe
interventions with modest effects, such as
aspirin and vascular risk factor control, need
to be given to virtually all TIA patients, in the
same way that simple and safe ways of lower-
ing the mean blood pressure and serum cho-
lesterol in the population are needed. The
"mass" approach is likely to have a greater
public health impact on stroke prevention
than the "high risk" approach in which high
technology (costly and risky) interventions
are offered to the relatively few high risk
patients.
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