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Introduction
The ictus or acute cerebrovascular attack corresponds to the 

group of vascular diseases, as the ischemic cardiopathy and the 

peripheral arteriopathy. The ictus is a disease of very high prev-

alence and impact in the society. It might appear at any age, but 

it is more frequent in advanced ages. Taking into account the 

increase of life expectation that is foreseen for future years, it 

is estimated that its fi gures shall increase progressively. Ap-

proximately 85% of the ictus are ischemic and 15% are hemor-

rhagic. Prevalence is of 2-5% and shows an incidence of 500 

per each 100,000 inhabitants. An ictus takes place each 6 min-

utes in Spain. It constitutes the fi rst cause of discapacity and it 

is the fi rst cause of death in women and the second in the glob-

al population.

In general, the ictus causes a serious disorder in the subject 

who suffers from it, and its abrupt onset conditions a radical 

change in the functional situation, which affects the social envi-

ronment in a parallel manner. Moreover, the onset of repeated ep-

isodes, sometimes sub-clinical, causes the onset of dementia in 

other percentage of patients, named in this case as vascular de-

mentia and constitutes the second cause of dementia after the 

Alzheimer disease. Only 15% of the ictus are preceded of a tran-

sient ischemic attack (TIA). The treatment and prevention cam-

paigns, the acknowledgement and consciousness-raising by the 

population regarding to this disease, and the increasing onset of 

several modalities of treatment in the acute phase (ictus units, in-

travenous thrombosis, neurovascular interventionism) are modi-
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Hyperglycemia in the acute phase of stroke is a common problem. When pre-

sent it’s associated with a poor outcome of patients with both ischemic and 
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Resumen
La hiperglucemia en la fase aguda del accidente vascular cerebral es un problema 

frecuente. Cuando está presente se asocia a una mala evolución de los pacientes, 

tanto en los ictus isquémicos como en los hemorrágicos, y del mismo modo en 

pacientes con diabetes como en los no diabéticos. Las cifras elevadas de glucemia 

plasmática se relacionan con el crecimiento del volumen del infarto, unas mayores 

tasas de discapacidad y un aumento de la mortalidad. Por otro lado, la hipergluce-

mia disminuye la efectividad de la fi brinolisis intravenosa, consiguiéndose menores 

tasas de recanalización arterial y aumentando su complicación más temida, la 

transformación hemorrágica. Hasta el momento, los estudios aleatorizados que han 

probado la disminución de las cifras de glucemia en la fase aguda del ictus no 

han demostrado benefi cios clínicos. Actualmente se recomienda la monitorización 

de la glucemia durante el ingreso hospitalario con el objetivo de conseguir cifras de 

normoglucemia, evitando ascensos por encima de 155 mg/dL, umbral a partir del 

cual pueden aparecer las complicaciones.
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fying its natural evolution, in a devastating mode in many occa-

sions if there is not an immediate intervention.1-3

It is essential to keep an adequate hemodynamic situation in 

the treatment of acute ictus in order to minimize the effects of the 

ischemia and to avoid that the areas with an unadequate oxygen-

ation increase. The glycemia is one of the parameters that shall 

be controlled in the ictus unit. The hyperglycemia in the ischem-

ic ictus is very usual and is present in the acute phase of the ictus 

in approximately 20-25% of the patients, affecting 100% of the 

diabetic patients during the fi rst 8 hours and up to 50% of the 

non-diabetic patients. These are normally moderate values of hy-

perglycemia. The relative risk of mortality in non-diabetic pa-

tients who show hyperglycemia in the acute phase of the ictus in-

creases three times.4

It is known that the presence of hyperglycemia at admission is 

associated to an incorrect evolution after the ictus, conferring a 

worse functional prognosis and higher rates of brain hemorrhag-

es, both in diabetic and non-diabetic patients. The history of dia-

betes mellitus is also associated per se to an inadequate progno-

sis. It was recommended to treat the glycemias over 200 mg/dl in 

the acute ictus long ago in order to avoid the harmful effects of 

the hyperglycemia. At present, the consensus guidelines of the 

American Heart Association (AHA) and the ictus recommend 

starting treatment with insulin as from values of 140-185 mg/dl 

(class II, C evidence level).5

Not only the hyperglycemia should be taken into account in 

the acute ictus, but also the hypoglycemia should be avoided re-

garding brain damages that might arise from this situation. In 

fact, considering any acute neurological defi cit, the fi rst thing 

that should be ruled out is the cause that it is an hypoglycemia 

that simulates an ischemic defi cit. Thus, a close monitoring of 

the glycemic values should be performed in order to avoid hypo-

glycemia situations as well. The administration of glucose and 

potassium supplement is considered in case they are necessary.5

Physiopathology
An important percentage of patients with hyperglycemia in the 

acute phase of the ischemic ictus are already diabetic, and in the 

rest this triggers by the release of the cortisol and noradrenalin 

secondary to the stress that goes along with the process. The hu-

man brain does not count, as other organs, with energetic depos-

its, therefore the cells of the central nervous system need a con-

tinuous blood fl ow to provide oxygen and the necessary glucose 

to keep the metabolic activity. This turns the brain into an espe-

cially vulnerable organ to ischemia.

In the ictus with great areas of penumbra, of feasible brain tis-

sue but in ischemic situation, the hyperglycemia increases the an-

aerobic metabolism. This generates a lactic acidosis, with mito-

chondrial dysfunction and production of free radicals. This 

promotes the onset of biological cascades that accelerate the cel-

lular death, which might trigger the alteration of the gene expres-

sion in the ischemic neurons. The lactic acidosis caused by the 

anaerobic metabolism of the glucose displaces the calcium in its 

binding to intracellular proteins, increasing the concentration of 

intracellular free calcium. The increase in the intracellular con-

centration of calcium demonstrated to be decisive in the process 

of cellular damage, as it induces the following phenomena: re-

lease of neurotransmitters as the glutamate, responsible in great 

part of the excitotoxicity phenomena; inhibition of the energy 

production (adenosine triphosphate [ATP] and activation of en-

zymes that intervene in the degradation of proteins, nucleic acids 

and phospholipids. 

The hyperglycemia can also produce the peroxidation of the li-

pids directly as well as cellular death in the metabolically dam-

aged tissue. On the other hand, the free fatty acids released in the 

presence of an insulin-resistance condition act jointly with the 

hyperglycemia, altering the vascular reactivity. Another poten-

tially derived damage of the hyperglycemia is that it might alter 

the hematoencephalic barrier, with the consequent onset of 

brain edema and increase of hemorrhagic transformation risk 

(fi gure 1).6

Studies of hyperglycemia 
in the ischemic ictus
In a study that evaluated the dynamics of the hyperglycemia in 

the acute ictus, taking a baseline control and another after 24 

hours, it could be observed that the non-diabetic patients with 

hyperglycemia kept both at admission and after 24 hours showed 

higher rates of dependence, mortality and brain hemorrhages. 

The different adaptation of the organism to the hyperglycemia in 

both groups of patients, with the starting of different mechanisms 

to face the hyperglycemia, with an already organized adaptation 

in the diabetic patients, might explain these differences.7 

The multicenter study GLIAS (Glycemia in Acute Stroke), 

performed in our country by the Study Group of Cerebrovascular 

Figure 1. Physiopathology of the effects of the hyperglycemia in the acute 
ischemic ictus

Acute ischemic ictus

(Stress)

Release of cortisol and noradrenaline

Hyperglycemia

Ischemic penumbra

Alteration of the haemoencephalic 
barrier

Increase of the anaerobic metabolism
Lactic acidosis

Release of free radicals
Increase of intracellular free calcium

Hemorrhagic disorder

Cellular death



Av Diabetol. 2010;26:408-13

410

Diseases, tried to determine the threshold of the glycemia on 

which the wrong evolution of the patients could be observed. The 

cut point was stated in 155 mg/dl. Any increase of the glycemia 

over this value during the fi rst 48 hours after the ictus conferred 

an inadequate prognosis as regards to higher rates of discapacity 

(score >2 in the modifi ed Rankin scale [MRS] and mortality (ta-

ble 1). This happened independently from the ictus seriousness, 

the size of the infarction, the age of the patient and the presence 

or not of previous diabetes.8 In a post hoc analysis of this same 

study, it could be observed that 40% of the patients with hyper-

glycemia kept values of >155 mg/dl in spite of the hypoglycemi-

ant treatment.9

Taking into account the multiple studies that stated the harm-

ful effects of the hyperglycemia in the acute ictus, a study was 

performed in the United Kingdom in order to observe if the cor-

rection of glycemia values improved the prognosis of the patients 

with acute ictus, in an analogous manner as demonstrated in the 

acute myocardial infarction.10 For such purpose, in the study 

GIST-UK (UK Glucose Insulin in Stroke Trial) a group of pa-

tients was randomized who received an intravenous solution of 

500 ml of glucose, insulin and potassium (dextrose 10%, 20 mEq 

of potassium chloride and 14 IU of insulin) with the aim of keep-

ing glycemias between 72 and 126 mg/dl, vs. a control group that 

received only physiological salt serum (2,400 ml/24 h). It was 

not demonstrated that the treated group improved its prognosis 

regarding to the controls, as there has not been relevant differenc-

es in the mortality or in the discapacity between both groups.

This study shows also a series of limitations that might have 

infl uenced on the results. First, most of the treated patients did 

not show hyperglycemias >150 mg/dl, since patients with glyce-

mias between 108 and 306 mg/dl were included. In fact, the 

mean of the initial glycemia was of 136 mg/dl and only 14% of 

the patients showed values of glycosylated hemoglobin of 

>7.5%. Second, the treated group associated a fall in the values 

of the systolic blood pressure that might have infl uenced nega-

tively on the damage of the penumbra areas, fact that was coun-

teracted in the control group by the infusion of saline serum, 

whose moisturizing and pressurizing effects have been benefi cial 

on this regard. Third, after including 933 patients, the study was 

stopped due to a slow recruitment, which hindered achieving the 

predetermined suffi cient sample size. Fourth, the treatment was 

only performed during 24 hours, a scarce duration for consider-

ing dynamic acute phase of the ictus, with the variations in the 

associated glycemia. On the contrary, in the DIGAMI study (Di-

abetes Mellitus, Insulin Glucose Infusion in Acute Myocardial 

Infarction),10 that demonstrated the benefi ts of the correction of 

glucose values in the acute myocardial infarction, the therapeutic 

intervention was extended during 12 weeks. Finally, the patients 

with insulin-dependent diabetes mellitus were excluded from the 

study GIST-UK, the patients with intra-brain hematomas were 

included (whose physiopathology differs from the ischemic ic-

tus) and a high score was stated (4-5) in the modifi ed Rankin 

scale in order to determine the residual discapacity.11

In this context of unsatisfactory results as regards to the effi -

cient therapeutic measures, in the extensive randomized, interna-

tional study NICE-SUGAR (Normoglycemia, in Intensive Care 

Evaluation-Survival Using Glucose Algorithm Regulation),12 

performed in intensive care units, it has been demonstrated that 

the treatment based on a close control of the glycemia values in-

crease the mortality regarding to the less energetic treatment. In 

the patients of the close control group, the objective of keeping 

glycemia values between 81 and 108 mg/dl was marked, being 

the mortality of 27.5% vs. the mortality of 24.9% in the patients 

submitted to a more lax control, with glycemia objectives of 

<180 mg/dl. These results might seem contradictory with other 

publications, which recommended an intensive treatment of hy-

perglycemia in order to improve the evolution. But, as we can 

see, a too adjusted control in critical patients with low thresholds 

to start treatment might result harmful. 

Anyway, the continuous intravenous infusions of glucose, po-

tassium and insulin in the acute ictus are considered safe at pre-

sent, as demonstrated in the GRASP study (Glucose Regulation 

in Acute Stroke Patients), in which three groups of patients were 

randomized: one with close monitoring, another with moderate 

monitoring and the other with standard glycemia controls. The 

asymptomatic hypoglycemia was more frequent in the close con-

trol group (40%) and only one patient showed a symptomatic 

glycemia, in the group of moderate control (4%).13 It has also 

been proved the safety of this treatment in the sub-arachnoids 

hemorrhage.14

Hyperglycemia and fi brinolysis
At present, the treatment of the acute ischemic ictus is based on 

the implementation of reperfusion therapy as soon as possible 

able to unblock the occluded artery. This treatment is mainly per-

formed with intravenous thrombolitics (rtPA or altheplase, which 

corresponds to the recombinant tissue plasminogen activator), 

but in screened patients it can be performed through procedures 

of local intra-artery catheterization.

As regards to the intravenous thrombosis, it has demonstrated 

its benefi ts if applied during the fi rst four and a half hours from 

the beginning of the ictus, due to the reduction of the discapacity 

rates, without increase of mortality in spite of a moderate in-

Table 1. Modified Rankin Scale (MRS)22

0 Asymtomatic

1  Without relevant discapacity. Able to perform his/her previous daily 

activities

2  Minimal discapacity. Unable to perform previous activities but able 

to take care of himself/herself without help

3  Moderate discapacity. Able to walk by himself/herself but needs help 

to perform some activities

4  Moderately severe discapacity. Unable to take care of himself/herself 

and walk without the help of a carer

5  Severe discapacity. Patient confined to bed and incontinent, who needs 

constant nursing care

6 Exitus
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crease of hemorrhagic complications in patients treated with this 

drug. The hyperglycemia at admission of >140 mg/dl is associ-

ated to a worse prognosis in patients who receive rtPA, specially 

if an early recanalization takes place, favoring the damage by 

reperfusion in this case. The hyperglycemia has been shown as 

an element that may distort the functioning of the intravenous fi -

brinolysis (fi gure 2).

In a work performed to evaluate if the high values of glycemia 

had an infl uence on the recanalization rates of the fi brinolysed 

patients, it could be observed that those patients with hypergly-

cemia at admission of >158 mg/dl showed a lower percentage of 

recanalizations (16 vs. 36.1%). However, no statistical correla-

tion was found with the high values of the glycosylated hemo-

globin, indicating that the acute hyperglycemia, and not the 

chronic hyperglycemia, conditioned these unfavorable effects. 

The physiopathology explanation is related to the capacity of the 

hyperglycemia to inhibit the fi brinolysis of the type 1 plasmino-

gen activator (TIA-1) and, in turn, cause the glycation of key pro-

teins for the food effectiveness of fi bronolytic, as is the case of 

the anexin II, a receptor of the cellular surface that facilitates the 

action of the plasmine.15

The hyperglycemia is associated to a bad prognosis, both in 

patients who undergo recanalization early and the patients who 

undergo it late, and also in the patients who do not undergo a re-

canalization, therefore it is set out that the very early treatment of 

the hyperglycemia might improve the prognosis of these patients 

(table 2).16

The most feared complication of the ictus with fi brinolytics is 

the symptomatic hemorrhagic transformation. The presence of 

hyperglycemia has proved that it favors the onset of this compli-

cation due to the damage that the haemoencephalic barrier gen-

erates and which causes in the microcirculation.17 Both the pres-

ence of hyperglycemia and the extended duration of the arterial 

occlusion period are associated to a worse prognosis, and the pa-

tients in which both factors coincide (an extended hyperglycemia 

condition during the occlusion period) show higher rates of dis-

capacity. This was observed in a study of 47 patients with is-

chemic ictus treated with fi brinolysis who showed basal hyper-

glycemia and in which the relation of the glycemic curve was 

studied with the duration of the arterial occlusion by means of a 

transcranial Doppler and with the growth of the infarction area 

through a magnetic resonance of diffusion/perfusion. For this 

purpose a continuous monitoring of subcutaneous glycemia sys-

tem was used that performed measurements each 5 minutes. 

Each hour of ischemia in the presence of hyperglycemia tripled 

the growth speed of the infarction in the resonance, promoting 

the own deleterious effect of the ischemia. The spaced measure-

ments of the glucose revealed to be insuffi cient for an adequate 

glycemic control that may allow the normalization of the glucose 

values in the earlier phase of the ictus. Its adequate control with 

more precise monitoring systems would allow favoring the neu-

roprotector effect of the normoglycemia and extend the time of 

the reversible ischemia in this way.18

Hyperglycemia in the hemorrhagic ictus
Though in most of the occasions it has been referred to the hy-

perglycemia in the ischemic ictus, the prejudicial effects of the 

hyperglycemia have also been stated in the hemorrhagic ictus 

(higher mortality and worse evolution), both in diabetic and non-

diabetic patients. It is also considered in this case that the exces-

sive correlation of glycemia values in the context of a very close 

control may result problematic; therefore the recommendations 

of the AHA as regards to the treatment of the hyperglycemia in 

the intracerebral hemorrhage is to control the glucose to keep a 

normoglycemia condition19 (class I, C evidence level). Another 

Table 2. Recommendations for the treatment 
of the glycemia in the acute ictus

•  The performance of a close control of the glycemia values is 

recommended in the acute and hemorrhagic phase of the ictus in order 

to keep a normoglycemia condition, both in diabetic and non-diabetic 

patients

•  The current consensus guidelines recommend starting the treatment 

with insulin as from values of 140-185 mg/dl

•  The cut point as from which the complications of the hyperglycemia in 

the ischemic ictus can increase is of 155 mg/dl 

Figure 2. Functional image in the acute ischemic ictus. Cranial computerized 
tomography (CT) with perfusion study in a patient aged 57 with diabetes, with 
an acute ischemic ictus in the left hemisphere treated with intravenous 
fibrinolysis, which showed glycemia at admission of 256 mg/dl. The basal 
cranial CT does not show relevant alterations (A), in the angio-CT an artery 
occlusion can be observed of a sub-division of the left middle cerebral artery 
(green arrow in image B), and the perfusion study shows an irreversible 
ischemic and penumbra area around the left parieto-occipital region (in red 
in image C). In the control cranial CT performed after 24 hours it can be 
observed an acute infarction in the previously altered region in the perfusion 
CT (arrow and black outline in D)

A

D

B
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of the hemorrhagic ictus sub-types in which the hyperglycemia is 

associated to a bad evolution of the subarachnoid hemorrhage. In 

this pathology, as in the rest of the ictus, the stress in which the 

organism gets into with the acute vascular event generates a re-

lease of catecholamines that promotes the hyperglycemia condi-

tion.20 Moreover, the tendency to high glucose values in this pro-

cess is extended during some days, and its presence increases the 

frequency of vasospasm or “differed brain ischemia”, which also 

shadows the patient’s prognosis.21

Conclusions
The works published up to now regarding the hyperglycemia in 

the acute phase of the ictus state repeatedly the multitude of 

prejudicial effects with which it is related , but it has not been 

demonstrated still that its correlation improves the evolution of 

the patients. This could be for not controlling another series of 

neurotoxic effects arisen from the hyperglycemia that might 

start in a very early prehospitalization phase, escaping to the ef-

fectiveness of the hypoglycemiant therapeutic intervention. 

These factors, potentially secondary to the deleterious cascades 

that generate the hyperglycemia, might correspond to the ex-

pression of certain genes in the ischemic neurons, the glycation 

of proteins or the release of free radicals. Once identifi ed, they 

might be constituted as therapeutic target that modifi es the 

damage associated to hyperglycemia in the acute ictus. Free 

radicals scavenger agents have been proved as tirilazad, defer-

oxamine or hypothermia, looking for the neutralizing neuropro-

tector effect.

In spite of the fact that to present no defi nitive recommenda-

tions can be stated for the adequate glycemic control, the need of 

the glycemia monitoring in the acute phase of the ictus in all the 

patients is stated, either diabetic or not, due to the variability in 

the glucose values during this period. It has to be taken into ac-

count that the variabilities are more susceptible of change after 

the oral feeding starting, which is usually stated at least after 24 

hours from the ictus starting. Moreover, it shall be done with nu-

tritional preparations in a variable percentage of patients through 

nasogastric probe. The scientifi c societies agree in performing a 

close monitoring of the glucose in the acute phase of the ictus 

that allows keeping normoglycemia values. The most precise 

threshold places the starting of the correction when the glycemia 

gets over 155 mg/dl. ■
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