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PAPERS AND SHORT REPORTS

Clinical diagnosis of intracranial haemorrhage using Guy's
Hospital score

P A G SANDERCOCK, C M C ALLEN, R N CORSTON, M J G HARRISON,

Abstract

We tested the Guy's Hospital stroke diagnostic score using the
clinical data from two independent samples ofpatients with acute
stroke. These were 228 patients from the Oxfordshire community
stroke project and 130 referred to the National Hospital for
Nervous Diseases in London. The diagnosis was confirmed by
computed tomography or necropsy in each case. The optimum
cut off point on the clinical score for the differentiation of
intracranial haemorrhage from infarction was found to be the
same for both the patients in our study and those from whose data
the score was derived originally. Set at this level, the score
achieved a sensitivity for the diagnosis of haemorrhage of 81%
and 88% in the patients from Oxford and London, respectively.
In those from Oxford infarction was diagnosed with a sensitivity
of 78% with an overall predictive accuracy of 78%. In those from
London the sensitivity for infarction was also 78% with an overall
predictive accuracy of 82%.
When it is essential to exclude intracerebral blood before

starting treatment in the smali proportion of patients with stroke
who require anticoagulation the Guy's Hospital score is not
sufficiently accurate to replace computed tomography. The
score is, however, the most accurate clinical means of differen-
tiating haemorrhage from infarction as the cause of stroke. It
is suggested that it should be used as a screening test in epidemio-
logical studies and in large scale trials of low risk treatment for
the secondary prevention of stroke when computed tomography
in all cases is impracticable.
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Introduction

The rational management of a patient presenting with an acute
stroke should be based on a knowledge of its pathological type.
Computed tomography is safe and most accurate in distinguishing
cerebral haemorrhage from infarction in the acute stage after a
stroke. Unfortunately there are insufficient computed tomographic
scanners in the United Kingdom for computed tomography to be
performed in every new case of stroke. ' The diagnosis of the type of
stroke by analysis of the patients' clinical features has often been
shown to be unreliable.'2 This is because there is considerable
overlap in the clinical features of ischaemic and haemorrhagic
stroke.4 The most promising use of a test such as the Guy's Hospital
score would be to exclude intracranial haemorrhage in patients with
stroke who are being considered for some form of anticoagulant or
antiplatelet treatment to avoid the need for computed tomography.
To be useful such a clinical test should have a high sensitivity for
detecting haemorrhage. The cost of increasing the sensitivity of a
test is usually a reduction in its specificity. In testing a linear score
such as that of Guy's Hospital, therefore, we decided to determine a
"best" cut off point, which gave the highest sensitivity at minimum
cost to the specificity. Furthermore, any scoring system such as that
of Guy's Hospital, which has been derived by multivariate analysis
of the data from a particular group of patients, needs to be validated
in as many other groups of patients as possible.
We used data from two different series of patients to validate the

Guy's Hospital score and test its ability to diagnose intracranial
haemorrhage. The first set of data was collected prospectively on a
sample, representative of all new cases of first stroke in the
community, from the Oxfordshire community stroke project.' The
second set was obtained from a retrospective case note review of
patients with stroke admitted to the National Hospital for Nervous
Diseases in London. Using this set of data, one of us (MJGH) has
described the clinical differences between patients with haemor-
rhagic and ischaemic stroke.6

Patients and methods

The definitions of stroke, cerebral infarction, primary intracerebral
haemorrhage, and subarachnoid haemorrhage are given elsewhere.46 In
view of the difficulties of clearly distinguishing all patients with primary
intracerebral and subarachnoid haemorrhages these were classified together
as "intracranial haemorrhage."
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The Oxfordshire community stroke project is a prospective, community
based register of all new cases of first stroke in a defined population in
Oxfordshire. Full details of the methods of this study are described
elsewhere.5 Of the 323 consecutive patients with first stroke registered in the
first two years of the Oxford project, 32 had the pathological type of their
stroke confirmed at necropsy and 258 underwent computed-tomography. In
58 patients the scan was performed more than 21 days after the onset of
stroke. These patients were excluded from this study because after this
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calculated probability ofhaemorrhage or infarction were shown graphically.
In this way other patients could be compared with those in the series from
Guy's and the most likely diagnosis identified.
The scores for the patients from the Oxford community stroke project

were calculated directly from their data stored on an ICL 2988 computer at
the University of Oxford, using the statistical package for the social
sciences.7 The scores for the patients from the National Hospital in London
were calculated by one of us (RNC) from the patients' case notes.
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FIG 1-Guy's Hospital stroke diagnostic scores for
Number of infarcts (0) and haemorrhages (0) shown.

interval the radiological distinction between haemorrhage and infarction
may be unreliable. A further four patients were excluded because the clinical
data available were too scanty for the Guy's Hospital score to be calculated.
They had had intracranial haemorrhages and died at home soon after their
stroke or were dead on arrival at hospital. The analysis was therefore
confined to the 228 patients in whom the type of stroke was confirmed and in
whom sufficient clinical data were available to calculate the score. Of these
patients, 186 had cerebral infarction and 42 intracranial haemorrhage.
Twenty five of the intracranial haemorrhages were due to primary intra-
cranial haemorrhage and 17 to subarachnoid haemorrhage.
The characteristics of this sample of patients referred to the National

Hospital in London have been described elsewhere.6 The clinical data were
obtained retrospectively from the case records. The pathological type of the
stroke was confirmed in each case by computed tomography within 21 days
of the ictus. Seventy two patients had cerebral infarction and 58 had primary
intracranial haemorrhage. Cases of subarachnoid haemorrhages were not
included.
The Guy's Hospital stroke diagnostic score is a linear function derived

from the analysis of the data from 165 of 192 patients under the age of 76
admitted to the general wards of Guy's Hospital over 28 months. Full details
of this study have been reported.3 There were 136 patients with cerebral
infarction and 29 with intracranial haemorrhage, including three cases of
subarachnoid haemorrhage.
The score for each patient was obtained by adding or subtracting values

given for the presence of several clinical variables with a constant of
12 6 subtracted: level of consciousness 24 hours altcr admission +7-3
(drowsy) or + 146 (unrousable); bilateral extensor plantars + 7 1; apoplectic
onset (defined by the presence of any two of loss of consciousness at onset,
headache within two hours, or neck stiffness) + 21-9; diastolic blood
pressure after 24 hours +(blood pressurexO 17); aortic or mitral valve
disease -4-3; cardiac failure -4 3; cardiomyopathy -4-3; atrial fibrillation
-4 3; cardiothoracic ratio >0 5 on chest radiography -4 3; and myocardial
infarction within six months -4 3; angina, claudication, or diabetes -3 7;
previous transient ischaemic attack or stroke -6 7; and historv of hyper-
tension -4 1. In the original study the relation of the scores and the

three series of patients.

Results

Figure 1 shows the scores of the patients in the three series. Figure 2 shows
the "receiver operating characteristic curves" for each group of patients
using the Guy's Hospital score as a test for haemorrhage.8 On such a curve
the scores nearest the point when both the sensitivity and specificity are
100% will provide the optimum detection of haemorrhage. The selection of
the various cut off points tested was based on the calculated probabilities of
diagnosis in the study in which the Guy's Hospital score was first described.3
A score of + 14 was the point at which the probabilities ofboth infarction and
haemorrhage were 0-5. At a score of less than +4 the probability of
haemorrhage was calculated as less than 0 10. In the original study all
patients with infarction had scores of less than +25 and all those with
haemorrhage a score of greater than - . Figure 2 also shows that a score of
+4 is the cut offpoint at which sensitivity and specificity are optimum for the
diagnosis of intracranial haemorrhage.
Twenty nine patients had atrial fibrillation in the Oxford series. Four of

these had intracranial haemorrhage, of whom two had a Guy's score of less
than +4 and therefore would have been misdiagnosed as having cerebral
infarction. Three of the 25 patients with atrial fibrillation and proved
cerebral infarction had scores equal to or greater than +4 and would have
been misdiagnosed as having haemorrhagic stroke.

Discussion

Despite the evident inaccuracy of the clinical distinction between
intracerebral haemorrhage and cerebral infarction, in practice some
authors still claim that this is possible.9 In a Swedish stroke unit
clinicians correctly identified only 32% of patients with cerebral
haemorrhage.2 At Guy's Hospital general physicians admitting
patients with acute stroke correctly diagnosed only 48% of patients
with haemorrhagic stroke.3 The Guy's Hospital stroke diagnostic
score was presented originally as a guide to the relative likelihood of
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infarction or haemorrhage rather than as a means of making a
dogmatic distinction between these two types of stroke. To test the
score against other means of clinical diagnosis, however, a cut off
point was taken at which there was an even chance of haemorrhage
and infarction (score + 14). Although at this cut off point the overall
predictive accuracy of the score among the original patients was
90%, the sensitivity of the score to haemorrhage was low at 52%.

Figure 2 shows that the score of + 14 was not the most useful cut
off point when trying to obtain the best possible compromise
between maximum sensitivity and maximum specificity for haemor-
rhage. This was true not only for the original group of patients from
Guy's Hospital but also for both test samples. In all three series the
score at which the Guy's Hospital score performed best at
diagnosing haemorrhage was +4. With this dividing line the
sensitivity for haemorrhage was 93% for the Guy's patients, 88% for
the National Hospital group, and 81% in the series of patients from
Oxford (table). The cost of achieving this accuracy in the diagnosis
of haemorrhage was to misdiagnose 18%, 22%, and 22%, respect-
ively, of patients with infarction in each series.
The unavoidable overlap in clinical presentation between patients

with cerebral infarction and those with haemorrhage limits the
usefulness of the Guy's Hospital score. The score is, however, more
accurate than either traditional means of clinical diagnosis3 or an
alternative scoring system devised at Kyushu University'0 and since
used in epidemiological studies." When the Kyushu University
score was applied to the patients in von Arbin's study only halfofthe
patients with cerebral haemorrhage were correctly identified,
although the overall accuracy was 90%.2

Examination of cerebrospinal fluid has an undoubted role in
confirming the diagnosis of subarachnoid haemorrhage when a
patient has presented with acute headache and meningism without
noticeable focal signs. Lumbar puncture, however, has also been
advocated as a useful test to recognise intracerebral haemorrhage
after a stroke. It has been reported that primary intracerebral
haemorrhage can be detected by the presence of blood, xantho-
chromia, or a raised protein concentration with a sensitivity of98%
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FIG 2-Guy's Hospital stroke diagnostic score as test for intracranial haemor-
rhage. Receiver operating characteristic curves for patients from Guy's Hospital
(@-*), Oxford community stroke project (A---A ), and National
Hospital for Nervous Diseases (O- O) at different cut off points. Perfect test
when *= 100% sensitivity and specificity.

Results of Guy's score set at cut off +4for diagnosis of haemorrhage

Correct diagnosis Correct diagnosis % Of
of haemorrhage of infarct predictive

(%) (O/%) accuracy

Patients from:
Guy's Hospital 27/29 (93) 112/136 (82) 84
Oxford community stroke project 34/42 (81) 145/186 (78) 78
National Hospital for Nervous Diseases 51/58 (88) 56/72 (78) 82

and specificity of 95%. 2 Other studies, however, have reported that
the sensitivity of cerebrospinal fluid tests for haemorrhage is much
lower.3" The extent to which this invasive investigation would
improve on the accuracy of the diagnosis made by the Guy's
Hospital score has yet to be tested. When the diagnosis of the
pathological type of stroke is required for prognostic or epidemi-
ological purposes, however, a lumbar puncture would be hard to
justify. In these circumstances the Guy's score is the most accurate
alternative clinical method available.

Clinicians may think that neither the score nor the cerebrospinal
fluid examination are sufficient to exclude cerebral haemorrhage
when they propose to anticoagulate a patient with presumed
cerebral embolism or pulmonary embolism. Between 4% and 9% of
patients with intracranial haemorrhage have atrial fibrillation.' 14

Even with the Guy's score set at the optimum cut offpoint of +4 two
of the four patients in the Oxford community stroke project with
atrial fibrillation and intracranial haemorrhage would have been
misdiagnosed as having cerebral infarctions. In our view physicians
should not take the risk of anticoagulating a patient after a stroke
without the certain exclusion of intracerebral blood, which can be
obtained only by early computed tomography. '
The main practical value of the Guy's score is as a diagnostic

screening test in circumstances when the consequences of a
diagnostic error are less catastrophic than with anticoagulation.
Aspirin and other agents are likely to be relevant to the secondary
prevention of stroke in a much larger proportion of patients than are
anticoagulants. If aspirin is found to be of preventive value after
transient and minor ischaemic stroke large scale trials will be
needed of the value of this and other treatments in patients with
more serious deficits. The considerable number of patients needed
to show a useful effect from such agents would make it impractic-
able to pursue the ideal policy of performing computed tomography
in all patients before entry to the trial (particularly in the United
Kingdom). In the light of this study's results, therefore, we propose
the Guy's Hospital score as a simple, cheap, and practical method of
screening patients for intracranial haemorrhage before entry into a
therapeutic trial. The cut off level on the score that is used may be
chosen by the trialists according to their perception ofan acceptable
risk of misdiagnosis. When the Guy's score has been used in such
trials clinicians may in turn use it to apply the results of these studies
in their clinical practice.

We thank all the participants in the Oxfordshire community stroke
project, which was supported by funds from the Medical Research Council
and Chest, Heart and Stroke Association, Professor John Marshall and all
those physicians at Guy's Hospital and the National Hospital for Nervous
Diseases who allowed their patients to be studied, and Jane Miller for
secretarial help.
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