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Stroke topography and outcome in relation to

hyperglycaemia and diabetes

L Kiers, S M Davis, R Larkins, J Hopper, B Tress, S C Rossiter, J Carlin, S Ratnaike

Abstract
In a prospective study to analyse stroke
topography and outcome in diabetics and
to determine the prognostic value ofblood
glucose and glycosylated haemoglobin
estimation, we evaluated 176 patients with
acute stroke. The patients were classified
into four groups on the basis of history,
fasting glucose, and glycosylated haemo-
globin: euglycaemic patients with no his-
tory of diabetes, stress hyperglycaemia,
newly diagnosed diabetics, and known
diabetics. A high prevalence of undiag-
nosed diabetes was shown. No difference
was found in the type or site of stroke
between the four groups. No difference
was found in the site of symptomatic or
incidental lesions on computerised axial
tomography. Patients with stress hyper-
glycaemia and known diabetics had more
severe strokes. Mortality was higher in
patients with stress hyperglycaemia,
newly diagnosed diabetics, and the com-
bined diabetes groups. This increased
mortality was evident in the hypergly-
caemic and diabetic groups, even after
excluding patients with cerebral haemor-
rhage. Stroke severity and mortality also
increased independently with blood glu-
cose in the euglycaemic group. We con-
clude that there is a correlation between
admission glucose concentration, diabe-
tes, and poor stroke outcome, which may
not be attributed to stroke type or
location.

Epidemiological and necropsy studies show
that diabetic patients have a higher incidence
of ischaemic stroke than non-diabetic
patients.' 2 In the Framingham study the inci-
dence of thrombotic stroke was 2-5 times
higher in diabetic men and 3-6 times higher in
diabetic women than in those without diabe-
tes.3 Wolf and Kannell reported that even
when other risk factors such as hypertension
and ischaemic heart disease are taken into
account diabetes remains an independent risk
factor for stroke.4 Previous studies have found
a range of prevalence of undiagnosed diabetes
in acute stroke populations from 6%' to 42%6.
The type and topography of diabetes-related

cerebral infarction may differ from brain
infarcts in non-diabetics. In a necropsy survey
Kane and Aronson7 found that diabetics had
more lacunar lesions when compared with
non-diabetics, especially in the distribution of
the parasagittal perforating arteries. Peress et

al8 also reported a higher occurrence of
lacunar infarcts in diabetics compared with
non-diabetic patients. In the Harvard cooper-
ative stroke registry,9 hypertension and diabe-
tes were present respectively in 75% and 29%
of lacunar cases and 71% and 43% of cases in
the South Alabama population study.'o

Several animal studies of experimental cere-
bral ischaemia have shown that hyperglycaemia
increases the severity of ischaemic brain dam-
age.'"-'' Pulsinelli et al concluded that hyper-
glycaemia worsened the outcome of cerebral
ischaemia in humans.'4 Other investiga-
tors"-7 have also found a worse prognosis
after stroke in diabetic patients. Despite these
reports the relation between blood glucose,
diabetes, and stroke outcome remains unclear.
Mohr et al,8 based on data from the NINCDS
pilot study, found no evidence supporting an
adverse effect of blood glucose on the acute
course of stroke, including infarct size,
although there was a relation between the
admission glucose concentration and mortal-
ity. Only one other study'9 has analysed the
relation between blood glucose, diabetes, and
stroke type.Woo et al used glycosylated haemo-
globin (HbA1 c) concentrations to distinguish
previously undiagnosed diabetes and stress
hyperglycaemia groups and concluded that
stress hyperglycaemia, but not diabetes, was
associated with an increased mortality.
We studied the prevalence of undiagnosed

diabetes mellitus in an acute hospital stroke
unit and evaluated the neurological outcome in
non-diabetics, diabetics, and patients with
stress hyperglycaemia. In view of previous
reports of a worse prognosis after stroke in
hyperglycaemic and diabetic patients, we also
determined whether stroke type or site differed
between these groups and had any bearing on
clinical outcome.

Subjects and methods
We prospectively studied 176 sequential
patients admitted with acute stroke (excluding
subarachnoid haemorrhage) of which 152
patients had CT scan. Stroke was defined as a
sudden disturbance of focal neurological func-
tion with symptoms lasting more than 24 hours
and considered to be due to either cerebral
infarction or haemorrhage.20 Twenty four of
the 176 patients (14%) had a history of
previous stroke. Venous plasma was taken to
measure fasting plasma glucose, glycosylated
haemoglobin (HbAlc), cholesterol, triglycer-
ides, packed cell volume, urea, creatinine, and
fibrinogen within 24 hours after admission.
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The concentration of HbAlc reflects the aver-
age blood glucose concentration over the
preceding 2-3 months.

Quantitative determination of HbAlc, free
of labile adducts, was performed by electro-
phoresis with Corning "Glytrac" reagents.
Patients were divided into four groups: eugly-
caemic patients with no history of diabetes
(fasting venous plasma glucose < 7'8 mmol/l),
including euglycaemic patients with normal
HbAlc concentration (< 8 0%) and eugly-
caemic patients with a marginally elevated
HbAlc (> 8 0%); patients with stress hyper-
glycaemia (no history of diabetes, glucose >
7-8 mmol/l, HbAlc < 8 0%); newly diag-
nosed diabetics (no history of diabetes, glucose
> 7-8 mmol/l, HbAlc > 8 0%); and known
diabetics. Diagnosis of diabetes mellitus was
based on WHO criteria2' for fasting glucose.
Patients continued taking any drugs after
admission but no patient was treated with
corticosteroids.
CT was performed in 152 of the 176

patients with a GE 9800 scanner, with 10 mm
contiguous slices. The mean (SD) time from
the onset of symptoms to CT scan was 3-0
(3-0) days. Patients with stress hyperglycaemia
(1-0 (1 5) days) and known diabetics (1 9 (1-8)
days) had significantly earlier scans than the
euglycaemic, non-diabetic patients (3-2 (2 9)
days, p < 0-01). There was no significant
difference in the time from onset to CT scan
between the euglycaemic, non-diabetic
patients, and newly diagnosed diabetics (3.7
(4-4) days). Data related to stroke type, site,
and size were derived only from the 152 of 176
patients who had CT scans. Second CT scans
were performed in 10% of patients. Five
diagnostic stroke types were used: cortical
infarction; lacunar infarction; striatocapsular
infarction; brainstem or cerebellar haemor-
rhage; and haemorrhage.

Stroke types were diagnosed20 with accepted
clinical criteria and confirmed with CT scan-
ning, where possible, demonstrating an acute
infarct or haemorrhage at a site concordant
with the clinical stroke syndrome. A diagnosis
of cortical infarction required clinical evidence
of cortical involvement, such as aphasia,
apraxia, agnosia, or cortical sensory loss, with
or without evidence of acute cortical infarction
on CT scanning but with no evidence of acute
haemorrhage. A diagnosis of lacunar infarction
required the presence of a classical lacunar
syndrome,20 including pure motor hemipar-
esis, pure sensory stroke, sensorimotor stroke,
ataxic hemiparesis, or the dysarthria clumsy
hand syndrome, with no clinical or CT evi-
dence of cortical involvement or cerebral
haemorrhage and with or without confirma-
tory CT scan finding of lacunar infarction,
defined as a small deep infarct in the territory
of a single penetrating artery, maximal diam-
eter less than 1-5 cm. The diagnosis of striato-
capsular infarction relied on the CT scan
finding of a comma-shaped subcortical infarct
due to occlusion of multiple penetrating arter-
ies, diameter greater than 3 cm. The diagnosis
of brainstem or cerebellar infarction was based
on clinical evidence of acute infarction affect-

ing the vertebrobasilar arterial territory and on
the absence of posterior fossa haemorrhage on
CT scan. The diagnosis of cerebral haemor-
rhage required CT scan confirmation of an
acute haemorrhage relevant to the patient's
clinical presentation.
The CT scans were interpreted by a neuro-

radiologist (BT) who was blinded to the
clinical data. All lesions were documented,
including the presence or absence of ischaemic
white matter changes, so-called leukoaraio-
sis." Lesions were graded according to their
type and size as previously reported.23 With
this protocol23 ischaemic lesions were classified
into three groups according to size: not visual-
ised or small (no lesion or one with a max-
imum diameter of 5 mm visible in not more
than two adjacent slices); medium (inter-
mediate between small and large); and large
(involving at least one complete vascular terri-
tory). Cerebral haemorrhage was also sub-
divided into three groups: small (< 5 mm in
diameter in no more than two adjacent slices);
medium; and large (10 mm diameter in at least
two adjacent slices). Overall 31% of the
patients had carotid evaluation by digital sub-
traction angiography and 6% by duplex dop-
pler ultrasonography. The number of patients
in each group was too small to permit mean-
ingful analysis according to stroke pathogene-
sis, in particular thrombotic v embolic cortical
infarction.
To evaluate stroke severity and outcome we

assessed neurological deficits on admission
and documented the in hospital mortality.
Stroke severity was calculated for each patient
with a neurological index (see appendix 1)
based on the Toronto stroke scoring system.24
This is a clinical stroke disability scale whereby
neurological deficits are weighted so as not to
equate neurological abnormalities of differing
severity. A good correlation has been found
between clinical grades ofglobal stroke severity
(mild, moderate, or severe) and this weighted
scoring system.24 A weighted numerical score
(0-3 or 0-5) is assigned to each type of
neurological deficit (conscious level, higher
cortical function, visual system, bulbar func-
tion, motor function, sensory system, coor-
dination), the scores are summed, and the total
score is expressed as a percentage of the
possible maximum score. An item is left blank
when by virtue of the patient's condition it
cannot be evaluated. In this situation the index
is a percentage of the possible maximum score,
including only those items evaluated. With this
system a higher neurological index implies a
more severe neurological deficit.

STATISTICAL ANALYSIS

Patients with stress hyperglycaemia, newly
diagnosed diabetes, and non-diabetics were
compared with the euglycaemic, non-diabetic
patients on a number of measures. For binary
outcomes (that is, presence or absence of a
characteristic) comparisons were made by 2 x
2 contingency table analyses with the x2
statistic or Fisher's exact test (if any expected
cell count was less than 5). Continuous meas-
ures were compared by t tests and for measures
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with skewed distributions confirmed by a t test
of the log transformed measure. Multivariate
analyses were carried out by multiple regres-
sion (admission neurological index) or logistic
regression (mortality) with the generalised
linear interactive modelling (GLIM) statistical
package.25 Nominal p values are quoted. These
must be interpreted with caution due to the
multiple comparison nature of the analysis.
A one-tailed t test was used to examine the

hypothesis that there is an increase in adverse
outcomes with increasing blood glucose in the
euglycaemic group because there is a priori
evidence to suggest the directional aspect of
this non-null hypothesis. Odds ratios with 95%
confidence intervals were used to examine
associations in stroke type, lesion site, lesion
size, and stroke outcome between the com-
bined hyperglycaemic and diabetic groups
(stress hyperglycaemia, newly diagnosed dia-
betes, and known diabetics) and the eugly-
caemic, non-diabetic patients. The pattern of
survival in each of the four patient groups was
assessed with Kaplan-Meier estimates of sur-
vival probability, with the Mantel-Cox (log-
rank) test used to examine possible differences
between the four groups.

Results
The study included 176 patients, ofwhich 116
were euglycaemic with no history of diabetes,
including 79 patients with a normal HbAlc
and 37 patients with a marginally elevated
HbAlc (8-1-9-8%). There were 10 patients
with stress hyperglycaemia, 20 new diabetics,
and 30 known diabetics. There was no differ-
ence in the proportion of patients who had had
previous strokes in the four groups (eugly-
caemic, non-diabetic patients 16/116; stress
hyperglycaemia two of 10; newly diagnosed
diabetics three of 20; known diabetics four of

30 patients).
The demographic characteristics, risk factor

distribution, and biochemical data for patients
in each group are shown in table 1. Of the
known diabetics, 10 had been treated with diet
alone and 14 with oral hypoglycaemics, four
were insulin dependent, and in two patients,
treatment was unknown. All baseline data and
results for the diabetic and hyperglycaemic
patients were compared with the euglycaemic,
non-diabetic patients by univariate and multi-
variate analysis. Any statistical difference
between the groups in terms of stroke outcome
could therefore be reliably attributed to their
classification according to criteria relating to
diabetic state.
Mean (SD) admission glucose concentration

was not significantly different between patients
with stress hyperglycaemia (9 7 (2-5) mmol/l),
newly diagnosed diabetics (10 4 (2 8) mmol/l),
and known diabetics (11 2 (5-8) mmol/l) but
was significantly higher in each group when
compared with the euglycaemic, non-diabetic
patients (5 7 (1-0) mmol/l, p < 0-001). The
euglycaemic, non-diabetic patients with a nor-
mal HbAlc concentration had a mean (SD)
glucose concentration of 5-6 (0 9) mmol/l, not
significantly different from euglycaemic, non-
diabetic patients with a mildly elevated HbA1 c

concentration and mean glucose concentration
of 5 9 (1 1) mmol/l.

STROKE TYPE
There was a marginally greater proportion of
patients with a diagnosis of cortical infarction
in newly diagnosed diabetics when compared
with the euglycaemic, non-diabetic patients (X2
= 4-19, p < 0-05). Otherwise, no difference
was found in the type of stroke between the
four groups (table 2). By using odds ratios, the
combined hyperglycaemic and diabetic groups
were compared with the euglycaemic, non-

Table 1 Demographic characteristics and data on risk factors for 176 patients presenting with stroke

Euglycaemic
no history Stress New Known
of diabetes hyperglycaemia diabetics diabetics
(n = 116) (n =10) (n = 20) (n = 30)

Mean (2SD) age (years) 68 (27) 67 (19) 76 (19) 69 (27)
Men, women 63,53 8,2 10,10 14,16
No with hypertension 64 7 7 23
No who smoked 61 1 5 9
Mean (2SD) cholesterol (mmol/l) 6-4 (3-1) 6-1 (2 5) 6-2 (2-9) 6-4 (2 7)
Mean (2SD) triglyceride (mmolIl) 1-4 (1-8) 0 9 (0 8) 1-3 (1 1) 1-8 (2 7)
Mean (2SD) packed cell volume (%) 42 (12) 44 (9) 41 (13) 41 (14)
Mean (2SD) creatinine (mmol/l) 0-11 (0 05) 0-11 (0 04) 0-14 (0-12) 0-11 (0-06)
Mean (2SD) urea (mmol/l) 70 (59) 6-6 (48) 9-8 (11-1) 7-2 (0-1)
Mean (2SD) fibrinogen (g/l) 3-6 (1-9) 3-4 (1-8) 4-1 (2-4) 4-1 (2 5)

Table 2 Types of stroke in 152 patients who had CT scans

Euglycaemic
no history Stress New Known Odds
of diabetes hyperglycaemia diabetics diabetics ratio

Pathology (n = 100) (n = 7) (n = 18) (n = 27) (confidence interval)*

Cortical 46 (46%) 2 (29%) 13 (72%)t 16 (59%) 0-58 (0-29 to 1-15)
Lacunar 15 (15%) 1 (13%) 2 (11%) 1 (4%) 2 12 (0-65 to 6-9)
Striatocapsular 5 (5%) 0 0 3 (11%) 0-86 (0-19 to 3 9)
Brainstem/cerebellar 13 (13%) 2 (29%) 2 (11%) 2 (7%) 1-15 (0 40 to 3 3)
Haemorrhage 21 (21%) 2 (29%) 1 (6%) 5 (19%) 1-46 (0-59 to 3-6)

*No significant differences in stroke type found in combined hyperglycaemic and diabetic groups compared with the euglycaemic,
non-diabetic patients. Odds ratio > 1 indicates stroke type more common in combined hyperglycaemic and diabetic groups; odds
ratio < 1 indicates stroke type less common in combined hyperglycaemic and diabetic groups; odds ratio = 1 means equals
common. If confidence interval does not include 1-00 the effect is significant at the 95% condidence interval.
tx2 = 4-19, p < 0 05 (new diabetics compared with euglycaemic, non-diabetic patients).
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Table 3 Site of lesion in 152 patients with stroke who had CT scan

Euglycaemic
no history Stress New Known Odds

Site of lesion of diabetes hyperglycaemia diabetics diabetics ratio
by CT scan (n = 100) (n = 7) (n = 18) (n = 27) (confidence interval)*

Relevant lacunes 11 (11%) 0 1 (6%) 1 (4%) 3 09 (0-64 to 15-0)
Incidental lacunes 28 (28%) 1 (14%) 6 (33%) 5 (19%) 1-30 (0 59 to 2 9)
White matter ischaemia 29 (29%) 1 (14%) 9 (50%) 6 (22%) 0-92 (0 44 to 1-9)
Relevant cortical 33 (33%) 2 (29%) 5 (28%) 8 (30%) 1-22 (0-58 to 2-6)
Incidental cortical 10 (10%) 1 (14%) 1 (5%) 0 2-78 (0 57 to 13-6)
Striatocapsular 6 (6%) 0 0 3 (11%) 1-04 (0 24 to 4-5)
Haemorrhage 21 (21%) 2 (29%) 1 (6%) 5 (19%) 1-46 (0 59 to 3-6)
Brainstem/cerebellar 4 (4%) 1 (14%) 1 (6%) 0 1-04 (0-18 to 6-1)

*No significant differences in lesion site (both symptomatic and incidental) found in combined hyperglycaemic and diabetic groups
compared with euglycaemic, non-diabetic patients.

Table 4 Size of lesion in 152 patients with stroke who had CT scan

Euglycaemic
no history Stress New Known Odds

Site of lesion of diabetes hyperglycaemia diabetics diabetics ratio
by CT scan (n = 100) (n = 7) (n = 18) (n = 27) (confidence interval)*

Absent or small 38 (38%) 2 (29%) 12 (67%)t 10 (37%) 0 72 (0-36 to 1-4)
Medium 40 (40%) 1 (14%) 2 (11%) 11 (41%) 1-81 (0-86 to 3 8)
Large 22 (22%) 4 (57%)4 4 (22%) 6 (22%) 0 77 (0 35 to 1-7)

*No significant differences in lesion size found in combined hyperglycaemic and diabetic groups compared with euglycaemic, non-
diabetic patients..
tX2= 5-13, p < 0-05.
tX2= 439, p < 005.

diabetic patients and no difference was found
in the proportion of stroke types between these
two groups.

CT SCAN FINDINGS

Lesion site-No significant difference was

found between the four groups with regard to
site of symptomatic and asymptomatic lesions
on CT scan. In particular, there was no

difference in the incidence of asymptomatic
lacunes or leukoaraiosis (table 3).

Lesion size-Compared with euglycaemic, non-

diabetic patients there was a marginally greater
number of large lesions (infarction or haemor-
rhage) in patients with stress hyperglycaemia
(x2 = 4.39, p < 0-05). In the newly diagnosed
diabetics there was a larger number of patients
with either a small lesion or normal CT scan

@2 = 5-13, p < 0-05; table 4). By using odds
ratios to compare lesion size in the combined
hyperglycaemic and diabetic groups with the
euglycaemic, non-diabetic patients, however,
no significant differences were found between
these groups.

NEUROLOGICAL OUTCOME (TABLE 5)

Stroke severity-Compared with the eugly-
caemic, non-diabetic patients stroke severity,

as measured by the admission neurological
index, was significantly worse in patients with
stress hyperglycaemia (p < 0 001) and known
diabetics (p < 0 05). In known diabetics
stroke outcome did not correlate with diabetic
control, assessed by the concentration of
HbAlc.

Mortality-Was significantly higher in patients
with stress hyperglycaemia (p < 0 001) and
newly-diagnosed diabetics (p < 0 001) when
compared with the euglycaemic, non-diabetic
patients. A trend to higher mortality was seen
in patients with known diabetes, but this did
not reach significance (0 05 < p < 010).
Combining the newly and previously diag-
nosed diabetic groups, the mortality was sig-
nificantly greater than for the euglycaemic,
non-diabetic subjects (p < 0 05). When
patients from each of the four groups were
pooled the mean (SD) admission glucose
concentration was significantly higher in
patients who died (8A4 (5 1) mmol/l) when
compared with survivors (6&3 (3 6) mmol/l; p
< 0-05). Within the hyperglycaemic and dia-
betic patients, however, there was no relation
between glucose concentration and mortality.
By using odds ratios, the proportion ofpatients
who died in the combined hyperglycaemic and

Table 5 Neurological outcome and mortality in 176 patients with stroke

Euglycaemic patients

Normal Elevated Stress New Knowon
HbAlc HbAlc hyperglycaemia diabetics diabetics
(n=79) (n=37) (n=10) (n=20) (n=30)

Mean (SD) neurological index
on admission 24 (20) 25 (20) 53 (50)* 29 (43) 33 (40)t

Mortality % 11% 16% 80%* 45%* 25%t

*p < 0-001.
fp < 0-05.
t005 < p < 010.
p values refer to admission neurological index and mortality for the combined hyperglycaemic and diabetic patients, compared with
the euglycaemic patients.
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caemic, non-diabetic patients mortality in the
I ~ ~ ~ ~ - Euglycaemic A

-11 =------- aem 40 patients with glucose > 6 mmol/l was

----- New Diab. 27-8%, higher than the 5-6% in the 76 patients
Known Diab. with glucose < 6 mmol/l (p < 0 01). By

multiple linear logistic regression mortality
increased independently with glucose (p <
0-05) and age (p < 0 05), 1 mmol/l of glucose

-------- being equivalent to 10 years of age. The
observed mortality in the subset of eugly-

l__---------- . caemic patients with glucose in the range
6 0-7-8 mmol/l did not exceed the mortality in

. the other three groups. There was also an
association between mortality and HbAlc con-
centration in this group after adjusting for age

II (p = 0-05), but this did not confound the
0 20 40 60 80 100 significant relation between blood glucose and

mortality. The mean admission neurological
TIME (days) index was also strongly dependent on glucose,

rising by 8 (SD 2) units for every mmol/l (p <
Kaplan-Meier estimates of survival according to 0-001) and independent of age and HbAlc.
vpe. AU survival times were censored at time of When we compared the euglycaemic, non-
if this preceded death. One patient in the new
?roup was discharged at 18 days (point not diabetic patients with normal and mildly ele-
the graph). Log-Rank test for group differences: vated HbAlc there was no difference in either

7, 3 d.f (p < 0 001). the admission neurological index (24 (20) v 25

(20)) or mortality (8/76, 1 1% v 6/37, 16%).
diabetic groups was significantly higher than in
the euglycaemic, non-diabetic patients (odds
ratio (95% confidence interval) 4-5 (2 1 to
10-0). Patients with cerebral haemorrhage
were then excluded from this mortality analysis
and a significant difference was still evident,
with higher mortality in the hyperglycaemic
and diabetic patients (3'8 (1 6 to 8 8). Analysis
of survival time after the stroke with Kaplan-
Meier curves (figure) suggested that survival
among the new diabetics was intermediate
between that of the stress hyperglycaemia cases
(high mortality) and the euglycaemic and
known diabetic groups (lower mortality). The
significantly greater mortality in patients with
stress hyperglycaemia compared with non-
diabetics was due to an increase in early
mortality, all deaths in this group occurring
within one week after stroke. Although mortal-
ity increased with age (p < 0 05) the statistical
inferences on the differences in mortality by
patient groups were not altered by adjustment
for age, stroke type, or stroke size in a multiple
linear logistic model. In patients who died it
was apparent that the excess mortality in the
group with stress hyperglycaemia was due to
the neurological effects of the large stroke
(table 6).
Glucose, stroke severity, and mortality in eugly-
caemic, non-diabetic patients-In the 1 16 eugly-

Discussion
We have shown a high prevalence of both
known diabetes (17-0%) and newly diagnosed
diabetes (11 4%) in patients presenting with
stroke to an acute hospital stroke unit. These
figures are significantly higher than the preva-
lence figures in the comparable age group in
the general population of Busselton (Western
Australia) with a prevalence of 3-4% known
diabetics and 3 1% newly diagnosed dia-
betics.26 Previous reports of the prevalence of
diabetes in acute stroke have provided widely
varying results, which may reflect different
methods of measurement of HbAlc.56 Riddle
and Hart6 measured HbAlc in patients with
recent stroke or transient ischaemic attacks
and found that 42% of such patients had
abnormal concentrations. A colorimetric assay
method was used, however, which does not
remove labile adducts, and therefore the con-

centrations of HbAlc may have been artefac-
tually high. In a study by Oppenheimer et al,5
the concentration of HbAlc free of labile
adducts was determined with an isoelectric
focussing technique. They found only a 6%
prevalence of undiagnosed diabetes in patients
with acute stroke.

Table 6 Cause of death in 38 patients with stroke who died

Euglycaemic
no history Stress New Known
of diabetes hyperglycaemia diabetics diabetics

Neurological
Mass effect cerebral oedema 4 2 1 3
Mass effect haematoma 3 4 1 1
Primary destruction vital medullary centres 2 2 1
Other 1 1 I

Systemic factors
Sepsis 2 3 l
AMI/cardiac 1 1
Pulmonary embolism
Other

Sudden death of unknown cause 1 I
Unrelated to stroke I

0

0
0

0 o

0
09

> co

co

c

0

0

0q

Figure
patient ty
discharge
diabetic g
shown on
2 = 58-
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We used two criteria for the diagnosis of
diabetes; an elevated fasting plasma glucose >
7-8 mmolI and HbAlc > 8&0%. Some
patients who had a normal fasting plasma
glucose and no known history of diabetes had
a marginally raised HbAlc (8*1-9*8%). The
mean blood glucose concentration for this
subgroup was not significantly different to the
subjects with a normal HbAlc, and no sig-
nificant difference in mortality was detected
between the two subgroups. They were there-
fore treated as a combined group (eugly-
caemic, non-diabetic patients for the other
analyses).
Our finding of 11-4% prevalence of newly

diagnosed diabetes is probably an accurate
reflection of the prevalence of undiagnosed
diabetes in an acute hospital stroke population,
although geographical differences may occur.
For example, Woo et al '9 reported a lower
5-3% prevalence in a regional general hospital
in Hong Kong. Davis et al27 reported that
there is a short median time between the onset
of diabetes and stroke and therefore a high
incidence of newly-diagnosed diabetes in acute
stroke could be expected.Although the number
of patients in the hyperglycaemic groups were
fairly small, statistical analysis indicated that
stroke severity was significantly worse in
patients with either stress hyperglycaemia or
known diabetes when compared with con-
current non-diabetic patients with similar
demographic characteristics and risk factors.
In addition, there was a higher mortality in
patients with stress hyperglycaemia and in the
combined diabetic groups. Even in the eugly-
caemic, non-diabetic group there was an inde-
pendent effect of glucose on mortality with a
substantial difference in outcome between
patients with a glucose concentration above or
below 6 mmol/l. This finding supports that of
Mohr et al,'8 who analysed the relation
between admission glucose concentration and
stroke mortality, based on the NINCDS data
bank, and found that the additional effect of
hyperglycaemia was small compared with the
increased mortality observed in patients in the
upper euglycaemic range.
Our laboratory uses the WHO criterion for

fasting glucose (> 7-8 mmol/l), and this glu-
cose concentration was also used by Gray et
al'7 and Woo et al'9 to distinguish non-
diabetic subjects with euglycaemia or stress
hyperglycaemia. A proportion of the patients
with fasting blood glucose concentrations in
the range 6 1-7-8 mmolIl, however, would
probably have impaired glucose tolerance on
formal testing and may be regarded as having a
pre-diabetic state. Several studies have shown a
greater mortality for intracerebral haemor-
rhage v cerebral infarction,28 and the greater
proportion of the former in patients with stress
hyperglycaemia may account form some of the
mortality differences. An increased mortality in
the hyperglycaemic and diabetic patients, how-
ever, was evident even after patients with
cerebral haemorrhage had been excluded from
the analysis. Stress hyperglycaemia is also
reported to be more common and more severe
in patients with intracerebral haemorrhage

compared with ischaemic stroke,29 and there is
a correlation between hyperglycaemia in haem-
orrhagic stroke and poor prognosis.'8 29
As indicated in the methods, statistical tests

were applied to multiple analyses and therefore
a proportion of nominally significant p values
would be anticipated by chance alone. Rather
than quoting only highly significant values (for
example, p < 0-001) we have instead indicated
associations which in themselves are unlikely to
be attributed to chance and can therefore be
the subject of assessment by independent
studies. The numbers in the groups are small,
however, and hence may be subject to type 2
error. Because of the small numbers we com-
bined the hyperglycaemic and diabetic groups
and used odds ratios with 95% confidence
intervals to compare stroke type, site, size, and
outcome with the euglycaemic, non-diabetic
patients.
Animal experiments with controlled degrees

of cerebral ischaemia have shown that elevated
blood-brain glucose concentrations greatly
enhance the extent and degree of subsequent
brain damage.'11-3 30 3 A retrospective study
by Pulsinelli et al" confirmed that patients
with diabetes and hyperglycaemia had a worse
neurological outcome after ischaemic stroke
than non-diabetic patients. Cox and Lorains32
measured blood glucose and HbAlc in 81
patients presenting with acute hemiplegic
stroke. They concluded that stress hyper-
glycaemia was associated with a worse prog-
nosis than pre-existing diabetes. Oppenheimer
and Hoffbrand5 found a greater early mortality
in diabetic compared with non-diabetic
patients.
Our findings support the conclusions of

Gray et al,7 who also used both blood glucose
and HbAlc measurements to differentiate
previously unrecognised diabetes and hyper-
glycaemia in acute stroke patients. They found
a raised mortality at four weeks in patients with
elevated blood glucose, irrespective of HbAlc
values, but did not examine the proportion of
infarcts and haemorrhages or distinguish the
proportion of cortical versus lacunar infarcts.
Woo et al '9 used the same four glucose
tolerance categories as we did to analyse the
effects of hyperglycaemia and diabetes on
stroke outcome and concluded that the asso-
ciation between glucose concentration and
outcome was related to stress and stroke
severity rather than a direct harmful effect of
glucose on damaged neurons. In contrast to
their findings, we found a worse outcome in
both diabetic patients and those with stress
hyperglycaemia.
Although we mainly performed early CT

scans in our study, we found a marginally
greater number of large lesions (infarction or
haemorrhage) in patients with stress hyper-
glycaemia compared with the euglycaemic,
non-diabetic patients, but no difference in
lesion size was found when the hyperglycaemic
and diabetic patients were combined and then
compared with the euglycaemic, non-diabetic
subjects. In acute cerebral infarction, CT scans
are often normal, and measurement of lesion
size by CT scan should ideally be performed at
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7-10 days.33 Patients in our study with large
infarcts on clinical criteria might therefore
have shown no abnormality or only a small
lesion on an early CT scan. None the less, the
poor outcome stress hyperglycaemic group in
fact had significantly earlier CT scans than the
euglycaemic, non-diabetic patients.
The significance of hyperglycaemia in the

context of acute stroke and its relation to
stroke outcome remains complex. No conclu-
sions about cause can be made at this stage.
Considerable evidence indicates that hyper-
glycaemia intensifies brain injury secondary to
experimental cerebral ischaemia.1 '1314 On the
other hand, size and severity of cerebral injury
may be relevant in the causation of stress
hyperglycaemia and large strokes may lead to
hyperglycaemia and determine a worse prog-

nosis.9 29 32 34 Both fasting glucose and
HbAlc should be estimated in clinical studies
to enable differentiation between patients with
stress hyperglycaemia and those with unrecog-
nised diabetes.
We could not confirm the postulated asso-

ciation between diabetes and lacunar infarc-
tion.78 We found no significant differences in
the type or site of stroke between the four
groups, although our numbers were small and
might be subject to type 2 error. Independent
analysis of the CT scans, looking for evidence
of asymptomatic small vessel disease, revealed
no difference between diabetics and non-

diabetics. We therefore concluded that the
worse neurological outcome in patients with
either stress hyperglycaemia or diabetes could
not be related to lesion site, specifically cortical
versus lacunar infarction.

Various mechanisms have been implicated to
explain the higher incidence of stroke and
worse prognosis in diabetic and hypergly-
caemic patients. These include an alteration of
post-ischaemic cerebral blood flow related to
impaired cerebral autoregulation,35 a hyper-
osmolar effect of blood glucose," and inter-
ference with collateral blood flow in the peri-
ischaemic zone due to proliferative angiopathy
of small cerebral blood vessels.36 Other factors
identified in diabetic patients that might
exacerbate ongoing cerebral ischaemia are an
increase in whole blood or plasma viscosity,37
reduced deformability of erythrocytes,38 and
increased adhesion of erythrocytes to endothe-
lial cells.39

Pulsinelli et al," using a four vessel occlu-
sion rat model, showed that glucose given
before the onset of cerebral ischaemia was

followed by severe brain injury, suggesting that
the level of pre-ischaemic brain carbohydrate
stores influences both the severity and histol-
ogy of subsequent brain damage. The concen-
tration of brain carbohydrate is a major factor
in determining whether an ischaemic insult
causes cerebral infarction with a greater threat
to tissue or results in a more restricted injury
limited to ischaemic neuronal damage. Equal
degrees of ischaemia accompanied by lower
tissue lactate values produce only selective
neuronal damage in predictably vulnerable
areas; astrocytes and endothelia are spared and
extracellular or progressive post-ischaemic cer-

ebral oedema fails to develop.40 Pulsinelli et
al " concluded that excessive accumulation of
lactic acid resulting from anaerobic glycolysis
by an ischaemic brain is the most likely
explanation of the enhanced brain damage in
hyperglycaemic animals.
Our study indicates that either pre-existing

diabetes, known or newly diagnosed, or stress
hyperglycaemia are conditions associated with
a worse prognosis after stroke. This may be due
to biochemical factors40 rather than stroke type
or site and the mechanisms may be different in
these two situations.4" Even in euglycaemic
patients without known diabetes the admission
glucose concentration correlates strongly with
stroke outcome. While there is no proof of a
causal relation between hyperglycaemia and
adverse stroke prognosis, Mohr"8 and other
investigators424 have suggested that hypogly-
caemia might indeed confer some protection
against ischaemia. Animal studies424 have
shown a beneficial effect of insulin in acute
cerebral and spinal cord ischaemia, partic-
ularly with reduction of glucose concentrations
to the low euglycaemic to mildly hypogly-
caemic range. There have, however, been no
reported human studies to date. A randomised
controlled trial is needed to study glucose
management in acute stroke. Such a trial could
involve randomisation of patients with elevated
blood glucose to either a treatment protocol
(for example, standard treatment plus glucose
reduction to achieve a target of 6 mmol/l) v
standard treatment alone.
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Appendix
Stroke severity score
A Conscious level

0 Normal
1 Drowsy, responding to verbal command
2 Purposeful response to painful stimulus
3 Semi-purposeful response to painful stimulus

4 Decerebrate/decorticate response to pain
5 Unresponsive to painful stimulus

B Higher cortical function
a) Dysphasia, dyslexia or dysgraphia
0 Normal
1 Mild communication dysfunction
2 Moderate communication dysfunction
3 Severe communication dysfunction
b) Other cortical signs (including, dyspraxia,

hemispatial neglect, agnosia)
0 Absent
1 Minor signs of dysfunction
2 Moderate evidence of dysfunction
3 Marked evidence of dysfunction

C Visual system
a) Visual Fields
0 Normal
1 Incomplete hemianopia/Partial monocular loss
2 Complete hemianopia/Monocular blindness
3 Functional blindness
b) Eye movement abnormality
Hemisphere
0 Normal
1 Gaze palsy
2 Forced deviation
Brainstem
0 Normal

Partial defect
2 Complete defect

Nystagmus
0 Absent

Eccentric, gaze evoked
2 Primary position

D Bulbar function
0 Normal
1 Mild dysfunction with dysarthria and/or
dysphagia

2 Moderate dysfunction with dysarthria and/or
dysphagia

3 Severe dysfunction with anarthria and/or
aphagia

E Motor function (bilateral signs - score each side)
Face
0 Normal
1 Mild weakness occurring on testing
2 Moderate weakness with resting facial
asymmetry

3 Severe weakness-paralysis
Arm
0 Normal
1 Mild reduction from normal
2 Movement against gravity
3 Movement gravity eliminated
4 Minimal movement at rest
5 Paralysis
Leg
0 Normal
1 Mild reduction from normal
2 Movement against gravity
3 Movement gravity eliminated
4 Minimal movement at rest
5 Paralysis

F Sensory system
0 Normal
1 Mildly impaired or subjective alteration
2 Moderate sensory loss
3 Marked sensory loss all modalities

G Coordinationlata.ia (score only if exceeds degree
weakness)

0 Signs absent
1 Mildly impaired with limb ataxia only, gain
normal

2 Moderate impairment with gait ataxia, walks
unsupported

3 Severe impairment, mobile only with support
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