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Transient ischaemic attacks: which patients are at
high (and low) risk of serious vascular events?

Graeme ] Hankey, James M Slattery, Charles P Warlow

Abstract
The aims of this study were to determine
the important prognostic factors at pre-
sentation which identify patients with
transient ischaemic attacks (TIA) who are
at high risk (and low risk) of serious
vascular events and to derive a prediction
model (equation) for each of the major
vascular outcome events.

A cohort of 469 TIA patients referred to
a University hospital, without prior
stroke, were evaluated prospectively and
followed up over a mean period of 4-1
years (range 1-10 years). The major out-
come events of interest were 1) stroke 2)
coronary event and 3) stroke, myocardial
infarction or vascular death (whichever
occurred first). Prognostic factors and
their hazard ratios were identified by
means of the Cox proportional hazards
multiple regression analysis. The signifi-
cant adverse prognostic factors (in order
of strength of association) for stroke were
an increasing number of TIAs in the three
months before presentation, increasing
age, peripheral vascular disease, left ven-
tricular hypertrophy and TIAs of the brain
(compared with the eye); the prognostic
factors for coronary event were increasing
age, ischaemic heart disease, male sex,
and a combination of carotid and verte-
brobasilar TIAs at presentation; and for
stroke, myocardial infarction or vascular
death they were increasing age, peripheral
vascular disease, increasing number of
TIAs in the three months before presenta-
tion, male sex, a combination of carotid
and vertebrobasilar TIAs at presentation,
TIAs of the brain (compared with the
eye), left ventricular hypertrophy and the
presence of residual neurological signs
after the TIA. Prediction models (equa-
tions) of both the relative risk and abso-
lute risk of each of the major outcome
events were produced, based on the pres-
ence or level of the significant prognostic
factors and their hazard. Before it can be
concluded that our equations accurately
predict prognosis and can be generalised
to other populations, their predictive
power needs to be validated in other,
independent samples of TIA patients

. (which we are currently doing).

(¥ Neurol Neurosurg Psychiatry 1992;55:640-652)

Stroke is an enormous problem for the affected
individual, carers and society. > Besides good

nursing and rehabilitation, current treatments
for acute stroke have not been shown to have a
major impact on case fatality and disability.
There is much greater potential for reducing
the burden of stroke on the community by
stroke prevention. As about half of all strokes
can be attributed to high blood pressure’® ” and
up to a third to cigarette smoking,” ' the first
priorities in stroke prevention are to reduce the
mean blood pressure of the population,'’ to
detect and control hypertension'*'> and to
discourage cigarette smoking in the commu-
nity. Another potential avenue of stroke pre-
vention is the 10-15% of stroke patients in the
community who have experienced a transient
ischaemic attack (TIA) Dbefore their
stroke;> > '° if these people can be identified
and treated immediately after their TIA then it
may be possible to prevent, or at least delay,
the occurrence of stroke. Measures of second-
ary prevention after TIA include management
of vascular risk factors'’ (such as hyper-
tension,'”> smoking'® and hypercholesterolae-
mia,'”) longterm antithrombotic treatment® *'
and, in the appropriate patient, carotid endar-
terectomy. >>*> However, although patients
with TIAs, as a group, have an increased risk of
stroke and other serious vascular events (such
as, coronary events), their prognosis as individ-
uals is extremely variable; some have a remark-
ably benign clinical course while others
proceed to repeated or fatal vascular
insults.>® **> It is therefore not appropriate to
investigate and treat all TIA patients in the
same way; higher risk and more expensive
investigations and treatments (such as carotid
angiography and endarterectomy) should be
reserved for high risk patients in addition to
lower risk and less expensive treatments that
should be directed to a much wider range of
patients. The crucial question is: “how can we
identify the high (and low) risk patient?”

What influences prognosis?

The prognosis of TIA patients is likely to be
influenced by the cause of the TIA and the
presence and level of prognostic factors
(including treatments) in any given patient.
TIAs may be a symptom of any one of a
heterogeneous group of disorders (such as
large vessel atheromatous thrombo-embolism,
small vessel lipohyalinosis or microaltheroma,
cardiac embolism, arteritis, hypercoagulable
states), each of which may confer a different
prognosis. However, many previous studies of
TIA prognosis have tended to “lump” all TIA
patients together, irrespective of underlying
pathogenesis. Nevertheless, even in prognostic
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studies limited to more homogeneous cohorts
pathogenically, such as patients with TIA due
only to presumed atherothromboembolism>®
or patients with TIA due to atherothromboem-
bolism, lipohyalinosis or cardiogenic embo-
lism,>> the prognosis was quite variable
(among individual TIA patients), due mainly
to differences in the prevalence and level of
prognostic factors.

Which prognostic factors are important?

In the past, several studies®” *' have tried to
identify adverse prognostic factors without
taking into account potential confounding by
other variables. As a result, a stronger pre-
dictive role may have been assigned to factors
that were merely “markers” for other factors of
greater importance. Many techniques can be
employed to allow for the influence of con-
founding variables. Matching and stratification
can consider only a few variables at a time, and
then only by sacrificing statistical power. Mul-
tiple regression can be used to adjust (control)
simultaneously for the effects of many variables
to determine the “independent” effects of one
of them. Predictors are those variables that
have an independent correlation with the
dependent variable (for example, outcome)
after controlling for potential confounding
variables.

Only seven prognostic studies and one
randomised treatment trial*® have searched for
prognostic factors in TIA patients by means of
multiple regression analysis and two prog-
nostic studies have described partial correla-
tions after regression analysis with adjustment
only for age,*> or age (< 65, > 65) and sex.>*
The results are difficult to compare because of
the considerable heterogeneity among the
studies in terms of their aims, the patients
studied, and the primary measures of out-
come. In only one of these studies*' was a
prediction model (equation) derived but, as it
was based on a retrospective study of a rather
small number of outcome events (38 patients
with stroke or death), it is perhaps not surpris-
ing that the results were not successfully
validated in another (test) sample of patients.

The aims of this study were to identify, from
a large prospectively studied cohort of TIA
patients, the important prognostic factors at
clinical presentation and to use these factors to
derive a prediction model (equation) for
important vascular outcome events.

As this study was performed in several steps
and each step was determined by the outcome
of the preceding step, we have elected to
present and discuss the methods and results
together, one step at a time.

The patient characteristics, methods, defini-
tions, treatments and survival analysis of this
cohort of 481 hospital-referred TIA patients,
without prior stroke, have been described
elsewhere.?” Briefly, an “inception cohort” of
481 TIA patients who presented to one of us
(CPW) between 1977 and 1986 was assem-
bled prospectively and followed up completely
until the patients died or until the end of
1986.

32 41
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Methods and results
Statistical analysis was confined to the 469
patients (98%) in whom the cause of the
presenting TIA was considered to be ather-
omatous thromboembolism, lipohyalinosis or
cardiogenic embolism.

The major outcome events of interest were:
1) first-ever stroke (n = 63), with censoring of
non-stroke deaths; 2) coronary event (n = 58),
censoring non-coronary event deaths, and 3)
stroke, myocardial infarction or vascular death
(n = 118), whichever occurred first, censoring
non-vascular deaths (for definitions see.>”)
Stroke was of obvious interest; coronary event
was considered because it is the most common
cause of death in TIA patients and shares
pathogenic factors and treatment options with
stroke; and the composite outcome event
stroke, myocardial infarction or vascular death
was analysed because it combines events that
are due mainly to atheromatous thrombo-
embolism, it is the most frequent and therefore
the most statistically stable outcome event, it is
the most likely outcome event to be independ-
ent of the causes of censorship (such as non-
vascular deaths and end of study censorship),
and it is being used increasingly in other
studies (because of the above reasons).”’
Although we recorded other subdivisions or
combinations of outcome events, these are not
presented because either the number of out-
come events was too small (for example, early
stroke, within 100 days of entry [n = 18] and
ipsilateral ischaemic stroke [n = 35]), the
inclusion of death from non-vascular events,
such as cancer and suicide, impaired the
sensitivity of the analysis, or the analysis of the
outcome event produced no additional useful
information (such as, disabling stroke and
vascular death).

The analysis of potential prognostic factors
for the three major outcome events was per-
formed in four steps (and some sidesteps),
followed by the development of the prediction
model (equation) and then finally the internal
validation of the model.

Step 1 (table 1)

Single wvariable regression analysis (descriptive
statistics)

We initially calculated raw measures of associa-
tion between each potential prognostic factor
and the three major outcome events: a) stroke;
b) coronary event and c) stroke, myocardial
infarction or vascular death, without adjusting
for the effects of other prognostic variables.
The significant (p < 0-05) raw associations are
presented in two ways in table 1 for the
composite outcome event stroke, myocardial
infarction or vascular death; the non-signifi-
cant (p > 0-05) raw associations are available
(unpublished), as are all raw associations for
the other outcome events.

Firstly, the frequency of occurrence of each
major outcome event was calculated according
to the presence and absence (dichotomous
variables), or level (continuous variables), of
each baseline variable. The data concerning
continuous baseline variables (such as age) are
listed in an ordered categorical form. The
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Table I a) Raw data of the proportion of patients with each significant (p < 0-05) prognostic variable who suffered the composite vascular outcome event:
stroke, myocardial infarction or vascular death and b) Hazard ratios of the outcome event for each significant (p < 0-05) prognostic factor

Stroke, myocardial infarction or vascular death

Patients Hazard 95% confidence

Factors Categories No % ratio interval or HR p Value
DEMOGRAPHIC FACTORS
Age (years) < 60 186 17-2

60-70 165 26°1 1-67* 1-310 2:1* 0-001

> 170 118 36-4
Sex Male 317 287

Female 152 17-8 0-54 04108 0-005
VASCULAR DISEASES AND RISK FACTORS
Peripheral vascular disease No 390 213

Yes 79 44-3 2-83 1-910 42 0:001
Left ventricular hypertrophy (ECG) No 415 22-4

Yes 46 47-8 257 1-6 10 4:1 0:001
Carotid bruit: left and/or right No 328 20°1

Yes 141 369 224 1-610 32 0-001
Carotid bruit: left and/or right No 328 20-1

Unilateral 81 37-0

Bilateral 60 367 2-11 1-310 34 0:002
Symptomatic carotid bruit No 361 22:2

Yes 108 35-2 1-89 1-310 28 0:001
Asymptomatic carotid bruit No 390 231

Yes 75 360 1-89 1-21t0 29 0-004
Arcus Senilis No 241 19:5

Yes 221 30-8 2:03 1410 29 0-001
Systolic blood pressure (mmHg) lower quartile:100-135 118 19:5

middle half: 135-175 227 269 1-11* 10410 1-17* 0-001

upper quartile: 175-245 124 27-4
Hypertension No 271 22-1

Yes 198 293 1-49 104 10 21 0-031
Ischaemic heart disease No 370 23-0

Yes 99 33-3 1-56 104 10 23 0-031
TIA CHARACTERISTICS
Carotid and Vertebrobasilar TIA No 433 229

at presentation Yes 36 52-8 2:74 1:7t0 45 0-001

No of TIAs in last month lower quartile: 0-1 276 22-1
(brain and eye) middle half: 1-2 73 27-4 1:42* 1210 1-7* 0-001

upper quartile:> 2 120 30-8
No of TIAs in last 3 months lower quartile: 0-1 197 19-8
(brain and eye) middle half: 1-4 151 25-2 1-:20* 1110 1-3* 0-001

upper quartile: > 4 121 339
Carotid TIA brain and VB TIA only** Yes 21 52 2:53 1410 47 0-003
TIA eye (AFx) only** Yes 148 169 0-52 0:3 10 0-8 0-004
TIA brain at presentation No 158 19-0

Yes 311 28-3 1-67 1110 25 0-015
Residual neurological signs No 443 239

Yes 26 46-2 2:04 111037 0-020
INVESTIGATIONS
ICA stenosis (%), symptomatic side lower quartile: 0-10 65 6-2

middle half:10-69 107 23-4 1-22% 11 1o 1-3* 0-001

upper quartile: 70-100 57 31-6

* Hazard ratios of continuous variables for an increment (or decrement) of 10 units (e.g. the hazard of a stroke, MI or vascular death is 1-67 times greater for a 70

year old than a 60 year old.)

**The hazard ratio of each category of the site of the TIA was calculated relative to the other sites combined.

Footnote: the non-significant factors (p > 0-05) analysed were: diastolic blood pressure, cardiac failure, diabetes mellitus, cigarette smoking, number of cigarettes
smoked each day, body mass index, family history of ischaemic heart disease or cerebrovascular disease, cardiomegaly, alcohol intake, atrial fibrillation, valvular heart
disease, migraine, TIA brain at presentation, carotid TIA brain and eye only, carotid TIA brain only, carotid TIA brain and eye and vertebrobasilar TIA,
vertebrobasilar TIA only, vertebrobasilar TIA and TIA eye only, ipsilateral TIA brain and eye, duration of longest TIA, residual neurological signs, TIA due to
atheromatous thromboembolism or lipohyalinosis, TIA due to cardiac embolism, TIA due to therothromboembolism and cardlac embolism, haematocrit, plasma
triglycerides, plasma cholesterol, cranial CT evidence of infarction on the symptomatic and asymptomatic sides, internal carotid artery (ICA) stenosis on the
asymptomatic side, aspirin therapy, and carotid endarterectomy. The results of the single variable regression analysis of these are available (unpublished).

results are expressed as the percentage of
patients with a certain factor (for example,
peripheral vascular disease) and without the
factor who suffered the outcome event of
interest (such as stroke) at any time during
follow up. Although these raw data do not
account for the varying period of follow up or
time to the outcome event for each patient, nor
for the effects of other variables, these “hard”
numbers often help the clinician to understand
and accept the more obscure types of statistical
analysis.

Secondly, a hazard ratio (and its 95%
confidence interval and p value) for each
outcome event was calculated for each poten-
tial prognostic factor. The varying period of
follow up, or time to the outcome event, for
each patient was accounted for but not the
effects of other variables. This analysis allows
for comparison of our data set with other
studies that have concentrated on investigating

the prognostic power of single variables. The
‘“hazard” is the instantaneous probability of
the measure of outcome, such as stroke,
happening in unit time, at a specific time,
conditional on survival until that time. The
““hazard” ratio is the ratio of the probability of
the outcome event occurring at some point in
time (conditional on survival until that time) in
patients with a given (prognostic) factor to the
probability of the outcome event in patients
without that factor. For continuous variables,
the hazard ratio is presented for changes of 10
units in the level of the variable (for example,
10 years for age, 10 mmHg for blood pressure,
10% for carotid stenosis). These data were
obtained from a Cox proportional hazards
analysis (see below)**™’ and the 95% con-
fidence interval of the hazard ratio was calcu-
lated using standard techniques: exponential
(beta coefficient * 1:96 x standard error)*®
(see step 3). .
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Step 2 (table 2)
Selection of wvariables for multiple (variable)
regression analysis
Variables were selected for inclusion in the
multiple regression analysis on the basis of: a)
the strength of their association with the
outcome event (step 1); b) the biological
plausibility of the association; c) what was
already known, or had been suggested about
the association; d) the number of patients and
outcome events with which the variable was
associated, and e) convenience (table 2). When
several variables were closely associated, one
was chosen which contained the information
common to all of these variables.
Measurements of carotid stenosis were not
included in the initial Cox model because
information was available only on the 229
patients (49%) who had angiography of the
carotid system on the symptomatic side. The
only other variable with more than 2% of its

Table 2 Factors included in the Cox proportional hazards multiple regression analysis

Dichotomous variables (yes/no)

Continuous variables

UNAVOIDABLE DEMOGRAPHIC FACTORS

Sex (male/female)

Age (years)

VASCULAR DISEASES AND RISK FACTORS

Left ventricular hypertrophy (ECG)

Peripheral vascular disease
Diabetes mellitus

Carotid bruit: any

Arcus Senilis
Cardiomegaly (CXR)
Ischaemic heart disease
Atrial fibrillation

Migraine

TIA CHARACTERISTICS

Carotid and vertebrobasilar TIA at presentation

Vertebrobasilar TIA only
Amaurosis fugax (AFx) only

Systolic blood pressure (mmHg)
Body mass index

Cigarette smoking (Number/day)
Alcohol intake (units/day)

Duration of longest TIA (minutes)
No of TIAs in last 3 months

TIA brain and AFx in same patient

Residual neurological signs

INVESTIGATIONS

Low haematocrit (bottom 10%)

High haematocrit (top 10%)

ICA stenosis (%), symptomatic side*
Plasma Cholesterol (mmol/l)

Infarct on CT, asymptomatic side

Infarct on CT, symptomatic side

TREATMENT
Aspirin therapy
Carotid endarterectomy

*only included in separate analysis of the subset of 229 patients who had carotid angiography.
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values missing was body mass index (24
missing values out of 469). Nine other poten-
tial prognostic variables had less than 2% of
their values missing, of which only one, left
ventricular hypertrophy (8 missing values out
of 469) is used in our prediction models (see
below). Values for missing variables, other than
carotid stenosis, were imputed by means of the
BMDP program PAM*® before survival analy-
sis because most computer programmes that
carry out the Cox regression model analysis
automatically exclude all patients in a series
missing even one piece of relevant data.

Step 3 (table 3)

Cox proportional hazards multiple regression
analysis

A Cox proportional hazards multiple regres-
sion analysis was performed by means of a
BMDP computer programme (P2L).** *" This
method of statistical analysis for survival data
was preferred because it is more powerful and
versatile than the log rank test, which has long
been the standard tool for comparing survival
curves.*’

To understand and interpret the results of
the Cox analysis it is essential to be familiar
with the concept of a “hazard”, the assump-
tions made and the limitations of the model.*’
A hazard at time t, is written as h(t), and is the
probability in unit time of a patient suffering
the outcome event of interest at time t, given
that he or she has survived up to time t. The
Cox analysis assumes that the hazard of a
patient with a set of prognostic variable values
z at time t is related to a baseline hazard
function h_(t) by the expression: h (t;z) = h_ (1)
x exp (fz), where [ (beta) is a vector of
unknown regression coefficients. The model
allows us to estimate § (beta) and so estimate
the hazard of any patient relative to the
baseline hazard function h, and hence, more
usefully, the hazard of any patient relative to
another patient (the hazard ratio).

Table 3 shows only the statistically sig-
nificant (p < 0-05) prognostic variables for the
three major outcome events, after adjusting for
the effects of all the other variables listed in

Table 3 Results of Cox proportional hazards multiple regression analysis of each variable in table 2, adjusted for all other
variables, showing the significant (p < 0-05) prognostic factors for each of the three major vascular outcome events

Beta Coefficient/ Hazard Hazard ratio**
Factor coefficient standard error ratio (for multiples of 10)
STROKE, MYOCARDIAL INFARCTION OR VASCULAR DEATH (n = 118)
Age* 0-06 3-98 1-06 1-73
No of TIAs in last 3 months* 0-01 3-24 1-01 1-15
Male Sex 0-75 2-86 212
Peripheral vascular disease 0-68 2:73 1-98
Carotid and vertebrobasilar TIAs 0-70 2-35 2-:00
Residual signs 0-73 2:10 2-08
Amaurosis fugax only —-0-69 -2-59 0-50
STROKE (n = 63)
No of TIAs in last 3 months* 0-01 2:63 1-01 1-11
Age* 0-04 2-09 1-04 1-49
CORONARY EVENT (n = 58)
Age* 0-08 3-96 1-08 226
Male Sex 1-24 298 3-46
Carotid and vertebrobasilar TIAs 1-06 2-59 2-90

*Continuous variables

**Hazard ratios of continuous variables for increment of 10 units (for example, for 10 TIAs in last 3 months, or 10 years of age,

or 10 mm Hg systolic BP)
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table 2. Estimates of the regression parameters
(the beta coefficient) were produced for each
variable, together with a standard error and p
value. For factors in which the ratio of the beta
coefficient to the standard error exceeds 1-96
or is less than —1-96, the p value is less than
0-05. The beta coefficients were converted into
hazard ratios by calculating the exponential
(antilogarithm) of the coefficient.

Sidestep 3.

The influence of carotid stenosis.

A separate multiple regression analysis was
performed (of all of the variables listed in table
2 for each of the major outcome events) in the
smaller subset of the 229 patients for whom
angiographic measurements of diameter sten-
osis of the origin of the internal carotid artery
on the symptomatic side were available.
Although the number of patients and outcome
events were smaller in this selected subgroup
and therefore, the results were more prone to
sampling error, it was quite clear that in this
group of patients, after adjustment for the
effects of the other variables, the degree of
carotid stenosis (as a continuous variable) was
the most significant adverse prognostic factor
for stroke (hazard ratio 1:69 for each 10%
increment of carotid stenosis) and stroke,
myocardial infarction or vascular death (haz-
ard ratio 1-46). It was also a significant
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prognostic factor for coronary event (hazard
ratio 1-31). As these 229 patients were not a
representative sample of the 469 patients (they
were a select group who were considered
potential candidates for carotid endarterect-
omy on clinical grounds),** the results have not
been tabulated in this paper but are available
(unpublished).

Step 4 (table 4)

Stepwise Cox proportional hazards multiple regres-
ston analysis

The next stage of the analysis was a forward
stepwise selection procedure aimed at deriving
the constellation of prognostic factors and their
associated hazard ratios that best predicted the
occurrence of each outcome event. The “step-
wise regression” process is a method of forcing
single factors and combinations of factors to
compete against each other in a sort of
statistical tournament. The most commonly
used stepwise procedure first selects the best
individual prognostic factor and then, one by
one, adjoins complementary factors to com-
plete the model.

From the multiple regression analysis of all
variables (step 3), it was decided that the
variables shown to be significant (p < 0-05)
“independent” prognostic factors for stroke,
myocardial infarction or vascular death (the
most statistically robust outcome event) should

Table 4 Prediction models for relative risk of each outcome event derived from stepwise Cox proportional hazards multiple

regression analysis of survival data of 469 patients with TIA

Selection criteria: variables entered if p < 0-03 and removed if p > 0-05

STROKE, MYOCARDIAL INFARCTION OR VASCULAR DEATH (n = 118 events)

Beta

Factor coefficient
**Age 0-0598
**Peripheral vascular disease 0-8355
**Number of TIAs in last 3 months 0-0151
**Male sex 0-6820
**Carotid and VB TIAs 0-7078
**TIA brain (vs AFx only) 0-5572

*Left ventricular hypertrophy (ECG) 0-5404
**Residual neurological signs 0-6566

Coefficient/ Hazard ratio
standard Hazard 95% confidence
error p-value ratio interval
5-29 < 0-001 1-06 (1-82) 1-04 to 1-09
3-92 < 0-001 2-31 1-52 to 3-50
3-65 < 0-001 1-02 (1-16) 1-01 to 1-02
3-03 0-002 1-98 1-27 to0 3-07
2:64 0-008 2:03 1-20 to 3-43
2:35 0-019 175 1-10 to 2:78
2:22 0-026 172 1-07 10 2:76
2:01 0-044 1-93 1-02 to 3:65

No additional variables selected using the less stringent criteria: enter if p < 010 and remove if p > 0-15

STROKE (n = 63 events)

Model with significant prognostic variables for stroke, MI or vascular death forced in
0-0158

Number of TIAs in last 3 months 0-001 1-02 (1-17) 1-01 to 1-03
Age 0-0452 2 99 0-003 1-05 (1-57) 1-03 to 1-08
Peripheral vascular disease 0-7568 2-57 0-010 2:13 1-20 to 3-80
Left ventricular hypertrophy (ECG) 0-6805 2-11 0-035 1-98 1-05 to 3-72
TIA brain (vs AFx only) 0-7179 2:08 0-038 2:05 1-04 to 4-03
Residual neurological signs 0-7389 1-80 0-072 2:09 0-94 to 4-69
Carotid and VB TIAs 05265 1-43 0-151 1-69 0-82 to 3-48
Male sex 0-3600 1-23 0217 1-43 0-81 to 2:54
Additional variables selected using the less stringent criteria: enter if p < 0-10 and remove if p > 0-15:
Ischaemic heart disease, carotid bruit
CORONARY EVENT (n = 58 events)
Model with significant prognostic variables for stroke, Ml or vascular death forced in
ge -0810 4-68 < 0-001 1-08 (2-25) 105 to 1-12
*Ischaemic heart disease 0 8726 3-06 0-002 239 137 10 4-18
Male sex 1-0200 2:92 0-003 277 1-40 to 5-50
Carotid and VB TIAs 1-0680 2-90 0-004 291 1-41 to 5-99
Peripheral vascular disease 0-5944 1-86 0-063 1-81 0-97 to 3-39
Number of TIAs in last 3 months 0-0097 1-50 0-117 1-01 (1-10) 0-998 to 102
TIA brain (vs AFx only) 0-4403 1-34 0-180 155 0-82 to 295
Residual neurological signs 0-4791 0-96 0-339 1-62 0:60 to 4-31
Left ventricular hypertrophy (ECG) 0-3321 0-94 0-347 1-39 0-70 to 2-78
No additional variables selected using the less stringent criteria: enter if p < 0-10 and remove if p > 0-15

**Statistically significant prognostic variables for stroke, MI, vascular death (see table 3) that were forced into model.
*Additional prognostic variables selected using stepwise procedure (enter if p < 0-03, remove if p > 0-05) after the significant

variables had been forced into the model.

Hazard ratios for increases of 10 units in continuous variables, such as age and number of TIAs, are shown in brackets. (e.g. for an
increase in age of one decade, the hazard ratio for stroke, MI or vascular death increases by a factor of 1-82) (e.g. for every 10 TIAs
in the last 3 months the hazard ratio for stroke, MI or vascular death increases by a factor of 1-16).

Note: these beta coefficients and hazard ratios that have been derived from the stepwise analysis, adjusting for variables in the
model, are different from those in table 3, derived after adjusting for all variables.
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be forced into the prediction model for stroke,
myocardial infarction or vascular death. There-
after, each of the other factors listed in table 3
was provisionally entered into the model and
the best additional predictor (for example, left
ventricular hypertrophy) was selected. In turn,
a variable was entered into (or removed from)
the regression equation on the basis of a
computed significance probability. Variables
were entered into the model only if the p value
was less than 0-03 and were removed if the p
value exceeded 0-05. The variables chosen in
the final stepwise regression model for the
composite outcome event of stroke, myocardial
infarction or vascular death were then forced
into the models for stroke and for coronary
event. Otherwise, a variable selected in the
model for stroke, for instance, which is not in
the model for the composite outcome event
may result in a worse predicted outcome for
stroke than for stroke, myocardial infarction or
vascular death, which would not seem plau-
sible.

Prediction model (equation) of relative risk

The relative risk of a patient (with certain
prognostic factors) suffering an outcome event
compared with another patient (who does not
have these factors) can be derived by multi-
plying the hazard ratios of the relevant impor-
tant prognostic factors that have been derived
from the Cox analysis (table 4). For example, a
male patient with 10 TIAs of the brain involv-
ing both carotid and vertebrobasilar territories
and bearing all of the adverse prognostic
factors for stroke, myocardial infarction or
vascular death had a 114 times greater risk
(hazard ratios for each factor: 1-82 x 2-31 X
1-16 x 1-98 x 2:03 x 1-75 x 1:72 x 1-93)
than a woman who was 10 years younger, who
did not have peripheral vascular disease
(PVD), left ventricular hypertrophy (LVH), or
residual signs and who had no TIAs of a
different nature before an isolated episode of
amaurosis fugax (table 4). It is clear that as the
number of adverse prognostic factors increa-
ses, the patient’s prognosis worsens.

Sidestep 4a

The influence of carotid stenosis

Although it was not possible to enter the
variable “percentage diameter carotid stenosis
on the symptomatic side” into the Cox propor-
tional hazards multiple regression analysis
(because data were present in only 229
patients), it was possible to analyse the extent
to which carotid stenosis enhanced the pre-
dictive power of the model (that had already
been developed from the other factors [table
4]) by means of a computer package called
“EGRET”.>° The addition of information
about carotid stenosis to the original predic-
tion model (table 4) did not significantly
improve the predictive power of the model.
This does not mean that carotid stenosis is not
an important prognostic factor on its own; it
means that a knowledge of the degree of
carotid stenosis does not add significantly to
the accuracy of the patient’s predicted out-
come that is based on a knowledge of the
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presence or level of the other important prog-
nostic factors (such as age, PVD, LVH) in the
prediction models.

Stidestep 4b

Alternative models

Four alternative models were generated to test
the sensitivity of our model to the selection
procedure used.

The first was to enter all the variables listed
in table 2 into the model and allow the model
to include and exclude variables freely (with-
out forcing the significant variables from the
initial analysis into the model). The results
were very similar to those presented. This is
not surprising as the pre-specified variables for
entry in the model that is presented were not
only significant but also, we believe, medically
plausible.

The second was to “redefine” the arbitrary
entry (p < 0-03) and removal (p > 0-05) cri-
teria to p<0-10 and p > 0-15 respectively.
Using the less stringent criteria, more variables
were selected for stroke (table 4) but the 95%
confidence intervals of their hazard ratios were
wide, reflecting greater uncertainty and a
higher chance of sampling error.

The third was to force only the significant
variables from the multiple regression analysis
of each outcome event (table 3) into the
respective models. Different variables were
selected in different models making it theoret-
ically possible that the predicted risk of stroke
in a given patient could be higher than the
predicted risk of stroke, myocardial infarction
or vascular death, which is not realistic.

The fourth was to force the significant
variables for stroke and coronary event (table
3) into the model for stroke, myocardial
infarction or vascular death to ensure con-
sistency among the models. Only ischaemic
heart disease (IHD) was added to the model
and its influence was very small (the beta
coefficient for IHD was —0-088 and the
hazard ratio was 1-09).

From a clinical and statistical point of view,
these alternative methods and resulting models
were therefore not considered as sound as the
models presented.

Step S (tables 5a, 5b, 5¢, 5d; fig 1)
Prediction model (equarion) of absolute risk.
There are two reasons why results from
studies such as this are often presented prima-
rily in terms of relative risks rather than
absolute risks. The first is that it is necessary
only to make an assumption about the form
that the relative risk function takes (that is, the
way the prognostic variables modify the haz-
ards or risks) to be able to pick out which
prognostic variables are best able to predict
outcome events. The second is that, if attempts
are made to calculate absolute risks from data
on a group of patients, it must be assumed that
other patients to whom the model will be
applied are generally similar to the group from
which it was derived (in terms of unknown
prognostic factors) rather than making the
weaker assumption that they are similar in their
response to the presence or absence of a
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Table Sa  Prediction models of absolute risk: method of calculating the survival free of stroke, myocardial infarction or
vascular death

'STROKE, MYOCARDIAL INFARCTION OR VASCULAR DEATH (n = 118 events)

Mean Beta coefficient
Prognostic factors (for the whole cohort) (from table 4)
Age (years) 62-52 0-0598
Peripheral vascular disease (0 = no, 1 = yes) 0-17 0-8355
Number of TIAs in last 3 months (number) 6-59 0-0151
Male sex (1 = male, 2 = female) 1-32 -0-6820*
Carotid and VB TIAs (0 = no, 1 = yes) 0-08 0-7078
TIA brain (vs AFx only) (0 = no, 1 = yes) 0-68 0-5572
Residual neurological signs (0 = no, 1 = yes) 0-06 0:6566
Left ventricular hypertrophy (ECG) (0 = no, 1 = yes) 0-10 0-5404

The ‘““average” patient had the above mean values of the prognostic factors used in the model (i.e. was 62-52 years old etc.).
Survival free of stroke, MI or vascular death

for the “‘average” patient with mean values of prognostic variables (as above)

(derived from Cox proportional hazards multiple regression analysis, not Kaplan-Meier technique)

at 1 year, S(1) =[0-9396 | (i.e. 93-96%)
at 5 years, S(5) = 0-7615 | (i.e. 76:15%)
Hazard ratio (X) for 60 year old man with one TIA brain and no prognostic factors (h 60) compared with ‘‘average’’ patient (h mean)
Log (h 60 / h mean)** = (0-0598 (60-62-52) + 0-8355 (0 — 0-17) + 0-0151 (1-6-59) —
0-6820 (1-1-32) + 0-7078 (0-0-08) + 0-5572 (1-0-68) +
0-5572 (1-0-68) + 0-6566 (0-0-06) + 0-5404 (0-0-10))
= (- 0-151 — 0-142 — 0-0844 + 0-2182 — 0:0566 + 0-178 — 0:0394 —

0-054)
= - 0131
h 60 / h mean = exp (— 0-131)
X =

Survival free of stroke, MI or vascular death
for a 60 year old man with one TIA and none of the prognostic factors

0-88
at one year S(1)* = [0-9396 = 0-9468

0-88
at five years S(5)™ = | 07615 = 0-7875

*The negative coefficient for sex means male sex is an adverse prognostic factor when coded as: 1 =M, 2 = F.
**“h 60" is the hazard for a 60 year old man with one TIA brain and no prognostic factors.
**“h mean” is the hazard for the “‘average” patient.

Table 5b  Prediction models of absolute risk: for any individual TIA patient with known values of the prognostic variables in the
prediction model

Survival free of STROKE, MYOCARDIAL INFARCTION OR VASCULAR DEATH

at one year S(1) = 0-9468

at 5 years S(5) = 0-7875*

where S(1) = 0-9468 and S(5) = 0-7875 were derived as in table 5a

where X = exp (0-0598 [Age - 60] — 0-6820 [Female: yes = 1, no = 0] + 0-8355 [PVD: yes = 1, no = 0]
+ 0-7078 [Carotid and VB TIA: yes = 1, no = 0] = 0-:0151 [Number oif TIAs in last 3 months — 1]
— 0-5572 [AFx only: yes = 1, no = 0] + 0:6566 [Residual signs: yes = 1, no = 0] + 0-5404 [LVH: yes = 1,
no = 0]

Survival free of STROKE
at one year S(1) = 0-9584™
at 5 years S(5) = 0-8789

where S(1) = 0-9584 and S(5) = 0-8789 were derived using the same methods as for stroke, MI, vascular death in table 5a
where X = exp (0-0452 [Age - 60] — 0-3600 [Female: yes = 1, no = 0] + 0-7568 [PVD: yes = 1, no = 0]
+ 0-5265 [Carotid and VB TIA: yes = 1, no = 0] + 0-0158 [Number of TIAs in last 3 months — 1]
— 0:7179 [AFx only: yes = 1, no = 0] + 0-7389 [Residual signs: yes = 1, no = 0] + 0:6805 [LVH: yes = 1,
no = 0]

Survival free of CORONARY EVENT
at one year S(1) = 0-9874*
at 5 years S(5) = 0-9158*

where S(1) = 0-9874 and S(5) = 0-9158 were derived using the same methods as for stroke, MI, vascular death in table 5a
where X = exp (0-0810 [Age - 60] — 1020 [Female: yes = 1, no = 0] + 0-5944 [PVD: yes = 1, no = 0]
+ 0-1-068 [Carotid and VB TIA: yes = 1, no = 0] = 00097 [Number of TIAs in last 3 months — 1]
— 0-4403 [AFx only: yes = 1, no = 0] + 0-4791 [Residual signs: yes = 1, no = 0] + 0-3321 [LVH: yes = 1,
no = 0] + 0-8726 [Ischaemic heart disease:yes = 1, no = 0])

Footnote:
To calculate X for an individual patient, insert the appropriate value of each of the patient’s prognostic factors into the
equation.

particular set of prognostic factors. Never- the representativeness of our clinical sample.

theless, estimates of absolute risk are more To generate a prediction equation of abso-
useful to a clinician than relative risks and they lute risk of survival free of an outcome event, a
can be easily calculated from estimates of the baseline survival function is required as a
baseline hazard. Hence, we also present pre- reference point. The baseline survival is usually
diction models (equations) of absolute risk, defined as the survival for someone with zero
though with an additional caveat concerning values of the prognostic variables. An alter-
the assumption which must be made regarding native and usually more meaningful reference

)
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PREDICTION EQUATION for survival free of STROKE, MYOCARDIAL INFARCTION or VASCULAR DEATH

Table 5c  The ‘‘bottom line” for clinicians
Indicate if
applicable
to patient
START
(Age - 60)
Female

Amaurosis fugax (AFx) only
More than one TIA in last 3 months
Carotid and vertebrobasilar TIAs at presentation
Peripheral vascular disease (PVD)
Residual neurological signs
Left ventricular hypertrophy (ECG)
DIVIDE “y” BY 100 and

EXPONENTIATE (e)" '™

(note:e*=1/¢e%

PROBABILITY of survival free of STROKE, MI or VASCULAR DEATH

At one year = 0-95™
At five years = 0-79™

Example: 65 year old woman with 5 episodes of AFx only in last 3 months and ECG shows LVH.

(65-60) x 6=5 x 6

Female

Amaurosis fugax only

More than one TIA in last 3 months

Left ventricular hypertrophy (ECG)
DIVIDE (- 34) BY 100 and
EXPONENTIATE (e ")
e T o ] et
1/1-4

PROBABILITY of survival free of STROKE, MI or VASCULAR DEATH

At one year = 0-95"7 =

At five years = 0-79 =

CUMULATIVE
SCORE
MULTIPLIED BY 6
SUBTRACT 68
ADD 56
ADD (1’5 x [n - 1))
ADD 71
ADD 84
ADD 66
ADD 54 TOTAL =y
= X ’
= 30
SUBTRACT 68 - 38
SUBTRACT 56 - 94
ADD (1-5 x [5-1]) - 88
[1:5 x 4 =6]
ADD 54 - 34
(eu oo 1_4)
= 0-7
0-96 or 96%
0-85 or 85%

Note: the variables are listed in the order in which they are usually collected clinically whereas in tables 4 and 5b they are in order

of the statistical strength of the association.

Table 5d  The ““bottom line”’ for clinicians

PREDICTIVE EQUATION for survival free of STROKE
Indicate if

applicable

to patient
START
(Age - 60)
Female

Amaurosis fugax (AFx) only
Carotid and vertebrobasilar TIAs
More than one TIA in last 3 months
Peripheral vascular disease (PVD)
Left ventricular hypertrophy (ECG)
Residual neurological signs
DIVIDE ““y” BY 100 and
EXPONENTIATE (e* '™

PROBABILITY of survival free of STROKE
At one year = 0-96*
At five years = 0-88™

PREDICTIVE EQUATION for survival free of CORONARY EVENT

Indicate if

applicable

to patient
START
(Age - 60)
Female

Amaurosis fugax only

Carotid and vertebrobasilar TIAs

More than one TIA in last 3 months

Peripheral vascular disease

Left ventricular hypertrophy (ECG)

Residual neurological signs

Ischaemic heart disease (IHD)

DIVIDE “y” BY 100 and
EXPONENTIATE (e*'™)

PROBABILITY of survival free of CORONARY EVENT
At one year = 0-99%
At five years = 0-92%

CUMULATIVE
SCORE

MULTIPLIED BY 45

SUBTRACT 36

SUBTRACT 72

ADD 53

ADD (16 x [n - 1))

ADD 76

ADD 68

ADD 74 TOTAL = y

= X
CUMULATIVE
SCORE

MULTIPLIED BY 45

SUBTRACT 102

SUBTRACT 44

ADD 107

ADD (097 x [n — 1))

ADD 59

ADD 33

ADD 48

ADD 87 TOTAL =y

= X

function is the survival for someone with
average values of the prognostic variables. This
can be estimated means of the programme
BMDP 2L which uses methods presented in
Cox and Oakes (1984).*° Even this function
may not always be clinically sensible; for
example, the mean value for sex was 1:32
because 32% of the cohort were female (coded
2) and 68% were male (coded 1). Thus we

have transposed the baseline survival to that of
a 60 year old man with one TIA of the brain
and none of the other prognostic factors in the
model.

To estimate the survival probability for a
patient having any combination of prognostic
factors, the first step is to multiply each of the
patient's prognostic variables by the appro-
priate beta coefficient for that variable and to
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60 yearold with 1 AFxonly +
60yearold withone TIA brainonly -~ + + + -~ -+ +
10 TIAs (brain oreye) in last 3 months + + + + + +
Carotid and vertebrobasilar TIAs at presentation - + + + -
Peripheral vascular disease + - + +
Residual neurological signs + + +
Left ventricular hypertrophy (ECG) -~ +
70vyearsold(and all of above) +

Figure 1 Bar graphs showing the probability of survival free of stroke, myocardial
infarction or vascular death at one and five years after presentation with a TIA in 60

vear old men and women and the impact of the important prognostic factors.

Table 6  Internal validation of the prediction model

Hankey, Slattery, Warlozw

add these individual products together (tables
5¢, 5d). In doing this, it is necessary to subtract
60 from the age of the chosen patient and one
from the number of TTAs that the patient had
suffered in the last three months. The exponen-
tial of the number derived above is an estimate
of the hazard ratio of the chosen patient
compared with the baseline patient. The esti-
mate of the probability that the chosen patient
will be free of the vascular outcome event of
interest at one year is the one year probability
for the baseline patient raised to the power of
the hazard ratio. A “recipe” style approach to
using the prediction models is given in tables
5c¢ and 5d together with a calculated example
(table 5¢). We have not been able to identify a
suitable method of calculating the 95% con-
fidence interval of these estimates. Figure 1
illustrates the probability of survival free of
stroke, myocardial infarction or vascular death
for patients with different combinations of
prognostic factors.

Step 6 (table 6)

Internal validation of the prediction model
Having selected statistically significantly prog-
nostic factors for a prediction model of out-
come, such as this, it is natural (and
important) to ask how successful the model
will be in trying to predict an event using these
factors. The acid test of any clinical score is its
success when applied to patients who were not
in the group from which it was derived (for
example, its external validity)—and this is in
hand—but as a first check we should establish
its internal validity and answer the question:
“If we had been able to apply this model to the
group of patients from whom it was derived
when they first came to our attention, would
we have been satisfied with the predictions at
some future time?” Obviously, if the answer is
“No” then it is not worthwhile to test the
model on other data sets.

PREDICTED RISK

OUTCOME at 5 years < 20% > 20% TOTAL
Stroke, myocardial infarction or vascular death 23 80 103
No event after 5 years follow up 82 68 150
Censored by the end of the study (before 5 years follow up completed) 76 127 203
Censored by (non-vascular) death 8 5 13
TOTAL 189 280 169

Odds ratio of an event within five vears in those with a risk of > 20% compared with those with a risk of < 20%

= (80/68) / (23/82)
=42 (95% CI: 224 to 7-)

PREDICTED RISK

OUTCOME at 5 years < 20% > 20% TOTAL
Stroke 26 31 57
No event after 5 years follow up 126 29 155
Censored by the end of the study (before 5 years follow up completed) 150 55 205
Censored by (non-stroke) death 25 27 52
TOTAL 327 142 469

Odds ratio of a stroke within five years in those with a risk of > 20% compared with those with a risk of < 20%

=(31/29) (26/126)
=52 (95% CI: 2:7 t0 9-9)

PREDICTED RISK

OUTCOME at 5 years < 20% > 20% TOTAL
Coronary Event 18 30 48
No event after 5 years follow up 132 30 162
Censored by the end of the study (before 5 years follow up completed) 157 72 229
Censored by (non-coronary) death 16 14 30
TOTAL 323 146 469

QOdds ratio of a coronary event within five years in those with a risk of > 20% compared with those with a risk of < 20%

= (30:30) ' (18/132)
=73 (95% CI: 3-7 to 14:5)
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Figure 2 a) Predicted risk profile of the 469 TIA

patients for stroke, myocardial infarction or vascular death
at 1 year. b) Predicted risk profile of the 469 TIA patients
Jor stroke, myocardial infarction or vascular death at 5
years.

To test the internal validity of the prediction
model, the model was used to estimate the
probability of survival (free of the event of
interest) for each patient (fig 2) and the results
were then examined to see how well they
discriminated survivors from non-survivors
(table 6). Patients were classified arbitrarily as
“high risk” (or “low risk”) if the model
suggested a greater than (or less than) 20%
probability of suffering the vascular outcome
event of interest at a given time (we have
arbitrarily chosen one and five years) after the
presenting TIA. The cut-off for risk status was
chosen as 20% because about 20% of TIA
patients suffer a serious vascular event (such as
stroke) within five years (that is, this is a rough
average). Table 6 shows, for each major out-
come event, the number of “high” and “low”
risk patients who suffered the event, who did
not suffer the event, and who were censored by
either the end of the study (that is, were still
alive at the end of the study) or by death. The
odds ratios (OR) show that, for uncensored
patients, the group identified by the model as
high risk at five years for stroke, myocardial
infarction or vascular death had about a 4-2
times greater odds of suffering a stroke, myo-
cardial infarction or vascular death than the
low risk group. The odds ratio was similar for
stroke alone (OR: 5-2) and coronary event
alone (OR: 7-3) at five years.
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Discussion

The main aim of this study was to produce a
prediction model (equation) of the prognosis
of TIA patients based on simple clinical infor-
mation obtained at the bedside which would
help clinicians identify TIA patients at differ-
ential risk who require differential treatment.

Before accepting a prediction model, clini-
cians need to consider whether: 1) the clinical
data were collected in a standardised pro-
spective study with complete follow up; 2) the
computational analysis was appropriate and
applied accurately; 3) the clinicians worked
closely with the statistician at all stages of the
statistical analysis; 4) the prediction equation
has been presented clearly and means what it
says; 5) the prediction equation is likely to
prove medically acceptable to clinicians (that
is, it is simple, and plausible clinically) and
beneficial to patients, and 6) whether the
prediction equation has been validated in an
independent set of patients.

In addition to meeting the first two criteria,
we believe the data in this study were analysed
appropriately by means of the Cox propor-
tional hazards multiple regression analysis.**
From a large set of variables, a smaller subset
of variables was selected that independently
and significantly contributed to the overall
variation in outcome. They were then arranged
in order of the strength of their contribution.
Using these prognostic variables (and their
regression coefficients) a mathematical expres-
sion (model) was developed relating these
“independent” variables to outcome, for each
outcome event.

The disadvantages of the Cox analysis are
that the internal workings of these “mathemat-
ical tap dancing” methods are a “black box” to
most clinicians and the prediction models are
based on assumptions (such as the proportion-
ality of hazards and the multiplicative risk
structure) that may not be met by the data. The
major assumption is that the effect of (or
relative risk associated with) a prognostic
variable does not change with time. For exam-
ple, if the prognostic factor is a binary variable,
the survival curve of one group must always be
above the survival curve of the other group;
they cannot cross. When the assumption of
time independence is not true, as is the case of
survival of patients treated, and not treated,
with carotid endarterectomy,’>>> the Cox
model selects factors associated with earlier
death (or other outcome) compared with
factors associated with later death (or other
outcome). The results in our study should not
be affected by this idiosyncrasy because patient
follow up was prolonged over an average of 4-1
years, but a problem may arise in data bases
containing a preponderance of patients with
very short follow up. .

The major potential limitation of the step-
wise procedure is that it tends to examine too
few combinations and consequently, the first
combination selected (initial model) may not
be the best model. We have attempted to
overcome this problem by deriving alternative
models which could possibly “outperform” the
initial model, as occurs in some sports where
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the best individual player/athlete (or factor) in
the competition need not be a member of the
best team (or combination of factors). For
example, carotid stenosis was the most sig-
nificant factor (the best athlete) in the small
subset of patients undergoing angiography
(n = 229) but when it was added to the final
prediction model in all patients (the best
team), it did not contribute significantly to the
predictive ability of the model made up by the
other factors (or team members). Exploring
alternative models may also resolve seeming
differences between prognostic models for the
same disease produced by different medical
centres; the alternative model of one centre
may closely match the reported model of
another centre. Of course, no analysis can
compensate for a failure to measure important
but as yet unrecognised prognostic factors that
were not examined in the study. If such factors
are identified in future studies (for example,
perhaps racial factors, carotid ulceration and/
or carotid stenosis measured by carotid ultra-
sound, elevated plasma fibrinogen, or impaired
cerebral blood flow reactivity to hypercapnoea)
then it will be important to try adding these to
the model to see if it is improved.

Analysis of a small number of outcome
events is prone to emphasise, by chance, some
particular quirk of the data set. Such “over-
fitting” in a model is particularly likely to occur
when the original data sets are small because
random variations due to the play of chance are
more likely to distort any underlying trends.
For example, in view of the recent publications
of the effect of carotid endarterectomy in
reducing the risk of ipsilateral ischaemic stroke
in patients with carotid TIA and severe symp-
tomatic carotid stenosis,””*> we were inter-
ested to see what factors may predict ipsilateral
stroke. However, only 35 of the 53 carotid
ischaemic strokes (66%) were ipsilateral to the
presenting TIA in our cohort and the model
was discarded because of the small number of
outcome events. To avoid sampling error, it has
been suggested that the original data set should
contain at least five (and perhaps ten’')
patients with the outcome event of interest for
every prognostic variable examined in the
equation. In other words, if ten variables are to
be analysed as possible prognostic factors for
stroke, there should be at least 50 patients with
stroke (and 50 survivors free of stroke) in the
original data set.’” In our study the most
robust outcome event was stroke, myocardial
infarction or vascular death because there were
118 events, justifying the analysis of up to 23
variables.

Internal validity of the prediction model

The prediction model that is presented is
shown in table 6 to be a satisfactory predictor
of outcome events in uncensored patients in
this cohort. However, it should be emphasised
that although these results (of the internal
validation) are encouraging, they are some-
thing of an upper bound to what can be
expected when we attempt to externally vali-
date the model in other groups of patients. The
95% confidence intervals of the odds ratios of

. ease, ischaemic heart disease
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the internal validation (table 6) are strictly
those of the internal validation and cannot be
extrapolated further.

Although the calculations of the prediction
models are referred to as probabilities they
should be regarded in the same way as a
Kaplan-Meier survival estimate and interpre-
ted with the same qualifications, particularly
when censorship may not be independent of
the outcome event. As the predictors for stroke
and for coronary event clearly select out
vascular death, and to some extent, non-
vascular death (table 6), our assumption con-
cerning independence of the event and
censorship by death may be tenuous. For
instance, the calculation of the probability of
stroke assumes that those who died from non-
stroke vascular causes were not an abnormally
high risk group for stroke. This is almost
certainly not true since it is unlikely that stroke
and other vascular events are biologically
independent. However, death accounted for
relatively few of the censorships in the study
(table 6) and, provided the results of this study
are not applied to populations with very
different vascular death rates, it is unlikely that
the practical value of the study is diminished by
this. Nevertheless, the calculated “probability”
of stroke, myocardial infarction or vascular
death is probably the most accurate because it
fails to account only for patients with non-
vascular deaths (which are likely to be bio-
logically independent events from the vascular
events). Whether the models for stroke and
coronary event tell us anything more than the
model for stroke, myocardial infarction or
vascular death will not be known until an
attempt has been made to validate the models
externally. Perhaps we may have exacerbated
the problem by forcing in terms which pre-
dicted vascular death.

Plausibility of the prediction model
Our prediction model is not only internally
valid statistically but it is also biologically and
clinically plausible. The prognostic factors we
have identified have also been suggested in
other studies: increasing age,”® *' *> male sex,>®
TIA of the brain compared to TIA of the eye
(amaurosis fugax) only,>* >' >** multiple T1As,>’
multiple T1As involving both the carotid and
vertebrobasilar territories at presentation,>’
and evidence of peripheral vascular dis-
37 42 37 39 42 and
residual neurological signs.>* Left ventricular
hypertrophy has been identified as an adverse
prognostic factor for stroke and other vascular
events in asymptomatic people’> ** and also in
the TIA patients in the Dutch TIA trial*” (P
Koudstaal, personal communication). The
degree of diameter stenosis of the origin of the
internal carotid artery on the symptomatic side
was also a strong prognostic factor but it was
not statistically significant (at the 0-05 level)
when added to the model; in other words,
much of the prognostic information of the
angiographic findings for the three major
outcome events can be obtained from the
clinical features already in the model. Of
course, it would have been interesting to
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examine the predictive power of carotid sten-
osis for ipsilateral ischaemic stroke, partic-
ularly in view of the findings of the randomised
trials of carotid endarterectomy.>* **

Some readers may be surprised that the
model did not select effective treatments, such
as aspirin or carotid endarterectomy, as impor-
tant prognostic factors. In the first instance,
however, treatment is really not a good variable
to examine because the decision to treat a
patient or not is often based on the clinician’s
assessment of who is at high risk and who is
not. Consequently, treatment may be seen as a
marker of risk (a possible confounding factor)
and not be selected by the model. Also, aspirin
and carotid endarterectomy are known to have
only modest overall effects on outcome and are
likely to be overshadowed by stronger influ-
ences on outcome, such as age.

As with any measurement instrument in
medicine, prediction equations will not always
be correct; the 95% confidence intervals of the
hazard ratio estimates have been included in
table 4 to give some idea of the likely range of
error arising from imperfections in the system
itself.

Simplicity of the model

The prediction equations produced are quite
simple to use because they contain only a few
key variables. From a knowledge of the preva-
lence and level of the adverse prognostic
factors possessed by any given patient, it is
possible to estimate the relative risk of an
outcome event by simply multiplying the haz-
ard ratios of the relevant factors, and the
absolute risk by exponentiating (with the aid of
a pocket calculator that can perform exponen-
tial functions) the sum of beta coefficients of
the relevant factors, as shown in tables 5¢ and
5d.

Implications of the clinical prediction system

The aim and implications of the results of the
clinical prediction models are that they are
likely to influence the management of TIA
patients; patients deemed at high risk are likely
to be more suitable candidates for higher (as
well as lower) risk investigations and treat-
ments and patients considered low risk should
be candidates for only lower risk interventions.
Also, it is possible that the identification of any
significant adverse prognostic factors that are
modifiable and might be causal should enable
further treatment to be targeted to reducing
the presence and level of the factor in these
high risk patients.

Although all of the prognostic factors selec-
ted by our models are merely markers of high
risk (for example, age, increasing number of
TIAs) and none are treatable factors (such as
high blood pressure), this does not mean that
treatable factors (such as high blood pressure)
should not be treated merely because they are
not selected by the model. The model should
be used to determine who is at high risk and
who needs treatment, not which treatment to
use.

Also, it cannot be assumed that the factors
which predict risk of stroke in asymptomatic
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populations are the same as those which
predict recurrent stroke. This is because expo-
sure to prognostic factors for stroke is likely to
be far more heterogeneous in stroke-free indi-
viduals than in people who have already
suffered a stroke. A hypothetical example may
be that high blood pressure in asymptomatic
people is a strong prognostic factor for stroke
but is not selected as a prognostic factor for
recurrent stroke because all stroke patients
have high blood pressure. Instead, factors not
common to all stroke patients but associated
with recurrent stroke, are likely to be selected
out.

Ewvaluation of clinical prediction systems

Before accepting and adopting a prediction
system, clinicians must evaluate its applicabil-
ity to their patients. If our prediction equations
are used prematurely and are not externally
valid then patients are likely to suffer.>®> We are
planning to test the model in the UK-TIA
aspirin trial,*® Oxfordshire Community Stroke
Project,* Dutch TIA trial>’ and European
Carotid Surgery Trial®> cohorts of TIA
patients. Whilst awaiting validation in other
populations of TIA patients, the proposed
prediction systems should initially be regarded
as “just another test” to be weighed against
more conventional pieces of clinical informa-
tion. Later, when the prediction system has
been validated in other data sets and it
pronounces an individual patient is at “high
risk” of stroke and other serious vascular
events, the implications are that an attempt
should be made to reduce the reversible
elements of that risk and to consider poten-
tially effective therapies, some of which may
also carry an associated intrinsic risk. The only
patients in whom potentially effective therapies
are likely to be excluded on the basis of the
results of the prediction equation should be
those who are deemed to be at low risk of
serious vascular events and they should only be
denied high risk treatments.

As any decision making in patient manage-
ment should involve the patient, it follows that
the doctor should share with the patient any
additional information derived from the pre-
diction model. The model should be used with
clinical commonsense; it is no substitute for an
accurate history and physical examination
which, in fact, provide most of the variables in
the model.
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