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Abstract

Although the adverse effect of admission hyper-
glycemia in cerebral infarction on prognosis is well
known, studies generally have not questioned the effect
of hyperglycemia in the early subacute period on prog-
nosis after a stroke.

Forty-six patients with acute ischemic stroke were
seperated into 3 groups : Group 1) Known diabetes or
admission blood glucose (ABG) � 140 mg/dl and
HbA1c � 8,0%) ; Group 2) ABG � 140 mg/dl and
HbA1c < 8,0% ; and Group 3) ABG < 140 mg/dl and
HbA1c < 8,0%. Blood glucose was followed-up 4 times
a day for 10 days after the stroke and the mean of these
measurements was calculated as the mean of glycemic
regulation (MGR). Neurological evaluation was done at
presentation and on day 10 and 30 with the National
Institute of Health (NIH) scale. Oedema, lesion size and
presence of hemorrhagic transformation were evaluated
using CT.

The MGR was significantly higher in group 1 com-
pared to the other two groups (p < 0,001 and p < 0,01)
and in group 2 compared to group 3 (p < 0,001).
Patients with clinical worsening had a significantly
higher MGR (p < 0,05). Patients with marked cerebral
edema had a significantly higher MGR (p < 0,01) com-
pared to patients with lesser edema. No correlation was
found between MGR and lesion size or hemorrhagic
transformation. 

Our results show that hyperglycemia in the early sub-
acute period after cerebral infarction is associated with
more pronounced cerebral edema and has an adverse
effect on short term prognosis. We suggest that studies
investigating the effect of insulin infusion on stroke prog-
nosis should also consider infusions for a longer period
than 24 hours.
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Introduction

Diabetic patients have a worse prognosis and
higher mortality rate compared to non-diabetics
after acute stroke (Pulsinelli et al., 1983 ;
Weinberger et al., 1983). In the past 10-15 years it

has been shown that this is not only true for diabet-
ics but that patients with high blood glucose levels
prior to or shortly after a stroke have a worse prog-
nosis independent from the presence of diabetes
(Pulsinelli et al., 1983 ; Candelise et al., 1985 ;
Weir et al., 1987 ; Woo et al., 1988 ; O’Neill et al.,
1991 ; Capes et al., 2001 ; Bruno et al., 2002 ;
Williams et al., 2002). Experimental studies have
shown that high blood glucose levels prior to an
occlusion of the middle cerebral artery lead to a
greater infarct size and it has been suggested that
this is caused by enhanced intra- and extracellular
acidosis due to anaerobic glicolysis (de Courten
Myers et al., 1988 ; Vasquez Cruz et al., 1990).
Hyperglycemia at the time of ischemia also con-
tributes to clinical worsening by increasing cere-
bral edema (Berger and Hakim, 1986 ; Chen et al.,
1986) or increasing the probability of hemorrhagic
transformation (Bruno et al., 2002). Although the
reason for the high blood glucose concentrations
which are frequently encountered after stroke even
in non-diabetics is still a matter of debate it is gen-
erally thought that this is due to a stress response
(Candelise et al., 1985 ; Woo et al., 1988 ; Power et
al., 1988 ; O’Neill et al., 1991).

Even though the main damage occurs within the
first 24 hours it is known that infarct volume can
still expand beyond 24 hours (Bryan et al., 1991 ;
Heiss et al., 1992). In a proton MR spectroscopic
study, loss of cerebral metabolites in an infarcted
region continued up to 10 days after the acute
event, suggesting that damage is ongoing for an
extended period (Saunders et al., 1995). In an
experimental study on permanent middle cerebral
artery occlusion in cats, de Courten-Myers showed
that hyperglycemia at the time of occlusion
increased infarct volume while hyperglycemia after
the occlusion increased mortality secondary to
cerebral edema (de Courten Myers et al., 1987).

Although it is now generally accepted that high
blood glucose levels prior to or shortly after cere-
bral infarction have an adverse effect on prognosis
studies generally have not questioned the effect of
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hyperglycemia in the early subacute period on
prognosis after a stroke. In this study we aimed to
assess whether high blood glucose levels in the first
10 days after a stroke had an additional effect on
prognosis.

Subjects and Methods

Forty-six patients (19 women and 27 men) with
acute ischemic stroke who presented to the emer-
gency unit of the Akdeniz University Hospital
within 24 hours of onset were included into the
study. Their mean age was 63,9 ± 13,5 years. All
patients informed consented to participate in the
study.

All patients had a CT scan done to exclude other
causes than ischemic stroke in the acute period. A
second CT scan was done in the first week to assess
lesion size, cerebral edema and development of
hemorrhagic transformation. Lesion size was
assessed in three cathegories : 1) Small infarct :
Lesion not visible on CT scan or smaller than
10 mm, being visible on no more than 2 slices ;
2) Medium size infarct : Lesions lying between
small and large infarct ; 3) Large infarct : Lesions
involving at least one vascular territory. Ischemic
edema was graded by modifying the scale suggest-
ed by Wardlaw and Sellar (Wardlaw and Sellar,
1994) : 0) No edema ; 1) Effacement of cortical
sulci ; 2) 1+ compression of the ipsilateral ventri-
cle ; 3) 1+ complete effacement of the ipsilateral
ventricle or midline shift or effacement of the basal
cysternae. Hemorrhagic transformation was evalu-
ated as 0 = absent or 1 = present.

In all patients a random admission blood glucose
(ABG) level was measured as soon as they entered
the emergency unit and HbA1c was determined
within the first 24 hours. According to these two
parameters patients were cathegorized into one of
three groups : Group 1) Previously known diabetes
or ABG � 140 mg/dl and HbA1c � 8,0%) ; Group
2) ABG � 140 mg/dl and HbA1c < 8,0% ; and
Group 3) ABG < 140 mg/dl and HbA1c < 8,0%.

Neurological status evaluation was done within
24 hours and at the 10th and 30th day following the
event using the National Institute of Health (NIH)
scale (Brott et al., 1989). 

All patients had blood glucose determinations
done 4 times daily (at 06, 12, 18 and 24 o’Clock)
for 10 days following the insult. The admission
blood glucose determination was not included into
this analysis. Blood glucose measurements were
always done by one of our three collaborators (AE,
EM or CO) using a Medisense Precision-G, Abbot
Laboratories glucometer. The mean of these 40
measurements was calculated as the mean of
glycemic regulation (MGR). Analyses were based
on the MGR. Blood glucose levels were aimed to
be kept below 250 mg/dl by appropriate doses of
insulin. Five patients received subcutaneous insulin

treatment adjusted to the blood glucose level.
These patients were not excluded because it was
our aim to assess the effect of blood glucose levels
on prognosis.

Statistical analysis was done by the SPSS for
Windows 10,0 software program. Students’ t-test
was used for equally distributed variables and
Mann Whitney U and Kruskall Wallis tests were
used for not equally distributed variables. Correla-
tion analysis was done using the Spearman’s rho
test. Statistical significance level was set at p <
0,05.

Results

The distibution of patients and mean MGR
values within patient groups are given in Table 1. In
group 1 the MGR was significantly higher com-
pared to the other two groups (p < 0,001 and p <
0,01). In group 2 the MGR also was higher than
group 3 (p < 0,001).

MGR values in the patients who showed
improvement on the NIH scale or who deteriorated
or died on assessment at day 10 and 30 are given in
Table 2. MGR values were significantly higher in
the patients who showed deterioration or died, both
on day 10 and on day 30 (p < 0,05). 

The distribution of CT features and the mean
MGR’s according to lesion size, edema and hemor-
rhagic transformation are given in Table 3. Neither
admission blood glucose levels nor blood glucose
levels in the first 10 days after the event were asso-
ciated with lesion size. MGR’s were significantly
higher in the patients with pronounced cerebral
edema. The MGR in the patients with massive
edema (edema cathegory 3) was significantly high-
er compared to the patients with no edema (p <
0,01) and the other two edema cathegories (edema
cathegories 1 and 2) (p < 0,05). When edema cathe-
gories 0, 1 and 2 were compared with each other no
significant difference could be found. The MGR
was higher in the patients with hemorrhagic

Table-1

Mean of glycemic regulation (MGR) in the admission
glycemia groups

Admission glycemia group N MGR

Group 1 7 176,9 ± 22,1a,b

Group 2 13 131,5 ± 18,4 c

Group 3 26 113,8 ± 18,8

a p < 0,01 (Group 1 compared to Group 2).
b p < 0,001 (Group 1 compared to Group 3).
c p < 0,001 (Group 2 compared to Group 3).
Group 1 (Known DM or Admission blood glucose

� 140 mg/dl and HbA1c � 8,0%).
Group 2 (Admission blood glucose � 140 mg/dl and HbA1c

< 8,0%).
Group 3 (Admission blood glucose < 140 mg/dl and HbA1c

< 8,0%).
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transformation but this difference was not signifi-
cant.

Discussion

The results of this study show that the admission
blood glucose level after an acute stroke is conclu-
sive about the degree of glycemic regulation in the
following 10 days and that high glucose concentra-
tions in the early subacute period after a stroke
have an adverse effect on cerebral edema and a
negative effect on short-term prognosis.

The adverse effect of elevated blood glucose lev-
els in the acute period on the ischemic brain have
been well documentated (Pulsinelli et al., 1983 ;
Weinberger et al., 1983 ; Candelise et al., 1985 ;
Weir et al., 1987 ; Woo et al., 1988 ; O’Neill et al.,
1991 ; Kawai et al., 1997 ; Bruno et al., 1999 ;
Capes et al., 2001 ; Williams et al., 2002). This
acute hyperglycemia can be seen not only in
diabetic patients but also in patients who were pre-
viously normoglycemic and who are not diagnosed
as diabetic afterwards, due to the stress caused by
the acute event (Candelise et al., 1985 ; Woo et al.,

1988 ; Power et al., 1988 ; O’Neill et al., 1991). It
has been suggested that the negative prognostic
effect of hyperglycemia in the acute period is inde-
pendent from the presence of diabetes (Candelise et
al., 1985 ; Weir et al., 1987). But it has not been
questioned how the course of glycemia in patients
with hyperglycemia after an acute stroke is and
whether the blood glucose concentrations in the
early subacute period affect outcome.

In this study admission hyperglycemia after a
stroke was associated with high blood glucose con-
centrations in the first 10 days following the event
and this hyperglycemic course was more profound
in patients with high ABG and high HbA1c but also
significant in the patients with only high ABG. The
hyperglycemia in the early subacute period in the
patients with high HbA1c is probably due to the
already impaired glycemic regulation which
becomes more compromised due to the acute
stressfull event because this group also included
patients with diabetes. The persisting hyper-
glycemia in the patients with high ABG and normal
HbA1c could be explained by a prolonged adverse
effect of the acute stressor event on glycemic regu-
lation. 

It has also been suggested that the hyper-
glycemia in the acute phase is related to stroke
severity, independent from the presence of diabetes
(Candelise et al., 1985 ; Woo et al., 1988 ; Power et
al., 1988). It has been shown that acute phase
hyperglycemia is associated with an increased
infarct size and that in large infarcts the hyper-
glycemia is more profound (Candelise et al., 1985 ;
de Courten Myers et al., 1987 ; Prado et al., 1988 ;
de Falco et al., 1993 ; Kawai et al., 1997 ; Bruno et
al., 1999). But whether hyperglycemia is the cause
or the result of a large infarct remains unclear. We
could not demonstrate an association between
infarct size and neither acute hyperglycemia nor
blood glucose levels in the first 10 days after the
stroke. The reason for this could be the small num-
ber of small and medium sized infarcts in our study.

Several studies have shown that hyperglycemia
in the acute phase of a stroke enhances cerebral
edema (Berger and Hakim, 1986 ; Chen et al.,
1986). We also showed that blood glucose levels in
the early subacute period in patients with marked
cerebral edema were significantly higher than
patients with less pronounced edema or no edema. 

In the GIST study, which was a randomized,
controlled trial investigating the effect of insulin
infusion in the acute phase on prognosis, it was
shown that glucose-potassium insulin infusion did
not have an effect on mortality and neurological
scores on the 30th day but caused a slight improve-
ment in neurological scores measured at the
48th hour after the stroke (Scott et al., 1999). In this
study insulin infusion was only given during the
first 24 hours. Taking the results of our study into
regard we would suggest that studies investigating

Table 2

Mean of glycemic regulation (MGR) according to clinical
improvement and survival 

N MGR

10th day

Improved 24 119,5 ± 21,6 a

Deteriorated or dead 22 138,2 ± 33,2 a

30th day

Improved 26 119,2 ± 22,2 a

Deteriorated or dead 20 140,5 ± 32,8 a

a p < 0,05 (Improved vs Deteriorated or dead).

Table 3

Mean of glycemic regulation (MGR)
according to CT characteristics 

N MGR

CT lesion size

Small infarct 9 124,9 ± 17,5
Medium infarct 10 117,0 ± 26,0
Large infarct 27 133,8 ± 32,3

Cerebral edema cathegory

0 17 117,0 ± 23,7 a

1 12 127,9 ± 24,5 b

2 10 123,7 ± 20,2 c

3 7 163,9 ± 35,0

Hemorrhagic transformation

Present 6 141,9 ± 21,8
Absent 40 126,4 ± 29,6

a p < 0.01 (Cathegory 3 vs 0) 
b p < 0.05 (Cathegory 3 vs 1)
c p < 0.05 (Cathegory 3 vs 2).
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the effect of insulin infusion on stroke prognosis
should also consider infusions for a longer period
than 24 hours.

The results of this study show that in acute
stroke patients with hyperglycemia the blood glu-
cose levels continue to be high during the first
10 days after the stroke and that this hyperglycemia
in the early subacute period has an adverse effect
on cerebral edema and on short term prognosis.
Larger scale studies involving treatment with
insulin infusion are needed to confirm our results.

REFERENCES

BERGER L., HAKIM A. M. The association of hyper-
glycemia with cerebral edema in stroke. Stroke,
1986, 17 : 865-871.

BROTT T., ADAMS H. P., OLINGER C. P., MARLER J. R.,
BARSAN W. G., BILLER J., SPILKER J., HOLLERAN R.,
EBERLE R., HERTZBERG V., RORICK M.,
MOOMAW C. J., WALKER M. Measurement of acute
cerebral infarction : A clinical examination scale.
Stroke, 1989, 20 : 864-870.

BRUNO A., BILLER J., ADAMS Jr H. P., CLARKE W. R.,
WOOLSON R. F., WILLIAMS L. S., HANSEN M. D. for
the Trial of ORG 10172 in Acute Stroke
Treatment (TOAST) Investigators. Acute blood
glucose level and outcome from ischemic stroke.
Neurology, 1999, 52 : 280-284.

BRUNO A., LEVINE S. R., FRANKEL M. R., BROTT T. G.,
LIN Y., TILLEY B. C., LYDEN P. D., BRODERICK J. P.,
KWIATOWSKI T. G., FINEBERG S. E. Admission glu-
cose level and clinical outcomes in the NINDS rt-
PA Stroke Trial. Neurology, 2002, 59 : 669-674.

BRYAN R. N., LEVY L. M., WHITLOW W. D. et al..
Diagnosis of acute cerebral infarction : compari-
son of CT and MR imaging. AJNR, 1991, 12 :
611-620.

CANDELISE L., LANDI G., ORAZIO E. N., BOCCARDI E.
Prognostic significance of hyperglycemia in acute
stroke. Arch. Neurol., 1985, 42 : 661-663.

CAPES A. E., HUNT D., MALMBERG K., PATHAK P.,
GERSTEIN H. C. Stress hyperglycemia and progno-
sis of stroke in nondiabetic and diabetic patients :
A systematic overview. Stroke, 2001, 32 : 2426-
2432.

CHEN S. T. , HSU C. Y., HOGAN E. L., MARICQ H.,
BALENTINE J. D. A model of focal ischemic stroke
in the rat : reproducible extensive cortical infarc-
tion. Stroke, 1986, 17 : 738-743.

DE COURTEN-MYERS G., MYERS R. E., SCHOOLFIELD L.
Hyperglycemia enlarges infarct size in cerebro-
vascular occlusion in cats. Stroke, 1988, 19 : 623-
630.

DE COURTEN-MYERS G. M., MYERS R. E., SCHOOLFIELD L.
Effects of serum glucose concentration at and fol-
lowing middle cerebral artery occlusion on infarct
size in cats. Neurology, 1987, 37 (Suppl. 1) : 130.

DE FALCO F. A., VISCONTI O. S., FUCCI G., CARUSO G.
Correlation between hyperglycemia and cerebral
infarct size in patients with stroke. A clinical
and X-Ray computed tomography study in
104 patients. Schweizer Arch. Neurol. Psychiatr.,
1993 ; 144 : 233-239.

HEISS W. D., HAYAKAWA T., FINK G. R., HERHOLZ K.,
PIETRZYK U., WAGNER R., WIENHARD K.
Progressive derangement of periinfarkt viable tis-

sue in ischemic stroke. J. Cereb. Blood Flow
Metab., 1992, 12 : 193-203.

KAWAI N., KEEP R. F., BETZ A. L. Hyperglycemia and the
vascular effects of cerebral ischemia. Acta
Neurochir. [Suppl.], 1997, 70 : 27-29.

O’NEILL P. A., DAVIES I., FULLERTON K. J., BENNETT D.
Stress hormone and blood glucose response fol-
lowing acute stroke in the elderly. Stroke, 1991,
22 : 842-847.

POWER M. J., FULLERTON K. J., STOUT R. J. Blood glucose
and prognosis of acute stroke. Age Aging, 1988,
17 : 164-170.

PRADO R., GINSBERG M. D., DIETRICH W. D.,
WATSON B. D., BUSTO R. Hyperglycemia increases
infarct size in collaterally perfused but not end-
arterial vascular territories. J. Cereb. Blood Flow
Metab., 1988, 8 : 186-192.

PULSINELLI W. A., LEVY D. E., SIGSBEE B., SCHERER P.,
PLUM F. Increased damage after ischemic stroke in
patients with hyperglycemia with or without
established diabetes mellitus. Am. J. Med., 1983,
74 : 540-544.

SAUNDERS D. E., HOWE F. A., VAN DEN BOOGAART A.,
MCCLEAN M. A., GRIFFITHS J. R., BROWN M. M .
Continuing ischemic damage after acute middle
cerebral artery infarction in humans demonstrated
by short echo proton spectroscopy. Stroke, 1995,
26 : 1007-1013.

SCOTT J. F., ROBINSON G. M., FRENCH J. M.,
O’CONNELL J. E., ALBERTI K. G. M. M., GRAY C. S.
Glucose potassium insulin infusions in the treat-
ment of acute stroke patients with mild to
moderate hyperglycemia : The Glucose Insulin in
Stroke Trial (GIST). Stroke, 1999, 30 : 793-799.

VAZQUEZ-CRUZ J., MARTI-VILALTA J. L., FERRER I., PEREZ-
GALLOFRE A., FOLCH J. Progressing cerebral
infarction in relation to plasma glucose in gerbils.
Stroke, 1990, 21 : 1621-1624.

WARDLAW J. M., SELLAR R. A simple practical classifica-
tion of cerebral infarcts on CT and it’s inter-
observer reliability. AJNR Am. J. Neuroradiol.,
1994 ; 15 : 1933-1939.

WEINBERGER J., BISCARRA V., WEISBERG M. K.,
JACOBSON J. H. Factors contributing to strokes in
patients with atherosclerotic disease of the great
vessels : the role of diabetes. Stroke, 1983, 14 :
709-712.

WEIR C. J., MURRAY G. D., DYKER A. G., LEES K. R. Is
hyperglycemia an independent predictor of poor
outcome after stroke ? Results of a long term fol-
low up study. BMJ, 1987, 314 : 1303-1306.

WILLIAMS L. S., ROTICH J., QI R., FINEBERG N., ESPAY A.,
BRUNO A., FINEBERG S. E., TIERNEY W. R. Effects
of admission hyperglycemia on mortality and
costs in acute ischemic stroke. Neurology, 2002,
59 : 67-71.

WOO E., CHAN Y. W., YU Y. L., HUANG C. Y. Admission
glucose level in relation to mortality and mor-
bidity outcome in 252 stroke patients. Stroke,
1988, 19 : 185-191.

B. DORA, M.D.
Akdeniz Üniversitesi Tip Fakültesi Hastanesi,

Nöroloji Anabilim Dali,
Dumlupinar Bulvari,

07070 Antalya, Turkey.
E-mail : bdora@akdeniz.edu.tr.


