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Background and Purpose—We sought to investigate the impact of hyperglycemia before reperfusion on long-term
outcome in patients treated with intravenous tissue plasminogen activator (tPA).

Methods—Of 268 consecutive patients with a nonlacunar middle cerebral artery (MCA) stroke evaluated at �3 hours after
onset, 73 (27.2%) received intravenous tPA. Serum glucose was determined at baseline before tPA administration.
Hyperglycemia was defined as a glucose level �140 mg/dL. National Institutes of Health Stroke Scale (NIHSS) scores
were obtained at baseline and 24 hours. Transcranial Doppler monitoring of recanalization and reocclusion was
conducted during the first 24 hours. Total infarct volume was measured on CT at day 5 to 7. Modified Rankin Scale
was used to assess outcome at 3 months.

Results—Median NIHSS score was 17. At baseline, 31 patients (42.5%) were hyperglycemic and 42 (57.5%)
normoglycemic. Early reperfusion (�6 hours) occurred in 43 patients (58.9%). Admission blood glucose correlated
negatively with the degree of neurological improvement at 24 hours in reperfused (r��0.43; P�0.019) but not in
nonreperfused (r��0.20; P�0.21) tPA-treated patients. Increased age (P�0.014), history of diabetes mellitus
(P�0.043), admission glucose �140 mg/dL (P�0.002), and early reocclusion (P�0.004) were factors associated with
poor outcome among reperfused patients. A logistic regression modeling revealed that only admission glucose value
�140 mg/dL (odds ratio, 8.4; 95% CI, 1.76 to 40.02; P�0.005) emerged as an independent predictor of poor outcome
despite tPA-induced recanalization. In patients with 6-hour persistent MCA occlusion, baseline NIHSS score �15 points
(P�0.011) and proximal MCA occlusion (P�0.039) were variables associated with poor outcome on univariate
analysis. In a logistic regression model, only NIHSS score �15 points (odds ratio, 11.9; 95% CI, 1.48 to 97.1; P�0.032)
remained as an independent predictor of poor outcome and functional dependence at 3 months in nonreperfused
tPA-treated patients.

Conclusions—Hyperglycemia before reperfusion may in part counterbalance the beneficial effect of early restoration of
blood flow, which translates into a worse outcome in hyperglycemic patients despite tPA-induced recanalization.
(Stroke. 2003;34:1235-1241.)
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Up to 20% to 50% of acute stroke patients have hyper-
glycemia at presentation.1–3 Several studies have dem-

onstrated a detrimental effect of acute hyperglycemia on
outcome from ischemic stroke.4–6 Increased admission glu-
cose levels in acute stroke have also been associated with
longer in-hospital stay, increased cost, and mortality.6

Hyperglycemia has been widely shown to exacerbate brain
injury in a variety of animal models of focal cerebral ischemia
by enhancement of intracellular acidosis in the ischemic
penumbra, which leads to loss of ion homeostasis, mitochon-
drial dysfunction, and bioenergetic failure. These deleterious
effects of hyperglycemia appear to depend on whether the
acutely ischemic brain tissue is reperfused. Hyperglycemia
has consistently increased infarct size in models of brief

See Editorial Comment, page 1240
transient cerebral ischemia, but it either had no effect or
decreased infarct size in models of severely prolonged or
persistent ischemia without reperfusion.7–10 In humans, hy-
perglycemia has been shown to be detrimental in nonlacunar
strokes, in which reperfusion may eventually occur, but not in
lacunar strokes with little or no reperfusion.4 However, the
relationship between increased blood glucose, reperfusion,
and outcome in human stroke has not been established.

The National Institute of Neurological Disorders and
Stroke (NINDS) trial clearly demonstrated a beneficial effect
of intravenous tissue plasminogen activator (tPA) when given
at �3 hours of symptom onset.11 In this setting, hyperglyce-
mia has been shown to increase the risk of symptomatic
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intracranial hemorrhage (ICH).12,13 Although a recent analy-
sis of the NINDS trial demonstrated that admission blood
glucose is associated with poor outcome and increased risk of
symptomatic ICH, this analysis did not indicate a need to
withhold tPA in stroke patients because of hyperglycemia.6

Furthermore, given that the aforementioned studies did not
systematically evaluate recanalization after thrombolysis,
whether the detrimental effects of hyperglycemia on out-
comes is linked to the occurrence of reperfusion remains
uncertain.

In the present study we sought to explore the effects of
admission hyperglycemia on early clinical course, infarct
size, and long-term outcome among reperfused and nonreper-
fused tPA-treated patients.

Subjects and Methods
Our target group consisted of patients with acute ischemic stroke
admitted within the first 3 hours after symptom onset. Stroke onset
was defined as the last time the patient was known to be without any
neurological deficit. A total of 268 consecutive patients with a
nonlacunar stroke involving the vascular territory of the middle
cerebral artery (MCA) were evaluated between March 2000 and June
2002. Of these, 152 (56.7%) underwent urgent carotid ultrasound
and transcranial Doppler (TCD) examinations. One hundred forty-
one patients (52.6%) with a documented MCA occlusion on TCD
were initially included in the study. We excluded patients who were
taking anticoagulants (n�15), were older than 88 years (n�17),
showed mild (National Institutes of Health Stroke Scale [NIHSS]
score �4) neurological deficit (n�11), experienced dramatic spon-
taneous neurological improvement (n�9), or showed early signs of
infarction �33% of the MCA territory on baseline CT (n�16).
Finally, 73 patients (27.2%) with an acute stroke due to MCA
occlusion received intravenous tPA in a standard 0.9-mg/kg dose at
�3 hours of symptom onset and were included in the study.

On arrival in the emergency department, patients underwent
standard neurological and cardiological examinations, ECG, blood
chemistry, and noncontrast CT before enrollment in the study. Serum
glucose was determined in all patients before tPA administration.
Hyperglycemia was defined as admission random blood glucose
value �140 mg/dL.5 Blood pressure, temperature, and glucose levels
were managed following the European Stroke Initiative recommen-
dations.14 In patients with suspected cardioembolic stroke, anticoag-
ulant therapy was started in the absence of hemorrhagic transforma-
tion on the second CT performed at 36 to 48 hours. Informed consent
was obtained from all patients or their next of kin. The study protocol
was approved by the local ethics committee.

TCD Assessment
A standard TCD examination was performed in the emergency
department on admission before tPA administration (�3 hours). To
assess recanalization, TCD was repeated at 6 hours of stroke onset.
To assess reocclusion, an additional TCD examination was per-
formed in case of neurological worsening after documented recana-
lization. Baseline and follow-up studies were conducted by the same
neurologist. Systolic blood pressure, diastolic blood pressure, and
heart rate were measured at the time of each TCD recording. The
TCD examination was performed with Multidopx4 equipment with a
hand-held probe in a range-gated, pulsed-wave mode at a frequency
of 2 MHz. Flow velocity of the MCAs, the anterior cerebral arteries,
and the posterior cerebral arteries was bilaterally recorded by the
transtemporal approach. The MCA was identified as a flow signal
directed toward the probe at an insonation depth of 55 mm and traced
up and down to 35 and 65 mm, respectively. The anterior cerebral
artery was identified as a flow signal directed away from the probe
at a depth of 65 mm and traced down to 80 mm. The flow signal from
the posterior cerebral artery was detected at 65 mm as a signal

directed toward the probe and traced from a 60- to 70-mm depth.
Doppler shifts from all arteries were recorded each 2-mm step.

Proximal MCA occlusion was defined as the absence of flow or
the presence of minimal flow signal throughout the MCA at an
insonation depth between 45 and 65 mm, accompanied by flow
diversion in the ipsilateral anterior cerebral arteries and posterior
cerebral arteries. Distal MCA occlusion was defined as a diffuse
dampening of the mean flow velocity in the affected MCA �21%
compared with the unaffected MCA.15 Recanalization was diagnosed
when a dampened flow appeared in a previously demonstrated
proximal MCA occlusion (partial recanalization) or when a previous
absent, minimal, or dampened flow came within the normal range
(complete recanalization).15,16 The appearance of a low-resistance
stenotic signal on follow-up was also considered complete recanali-
zation.16 No change in the abnormal waveforms indicated that no
recanalization had occurred. Reocclusion was defined as a worsening
in waveforms on TCD performed at the time of neurological
deterioration after documented recanalization.

CT Studies
On admission, all patients underwent a CT within the first 3 hours
after stroke onset, which was repeated after 36 to 48 hours (or earlier
when rapid neurological deterioration occurred) and again between
days 5 and 7. The presence of a hyperdense MCA sign, early focal
hypodensity, or swelling due to developing infarction on baseline CT
was assessed according to European Cooperative Acute Stroke Study
(ECASS) criteria.17,18 The extent of hypodensity or swelling due to
acute ischemic edema on baseline CT was categorized as normal,
�33% of the MCA territory, and �33% of the MCA territory.

The presence and type of hemorrhagic transformation were
defined according to previously published criteria.17,19,20 Hemor-
rhagic infarction was defined as a petechial infarction without
space-occupying effect, and parenchymal hematoma was defined as
hemorrhage with mass effect. Total infarct volume was measured on
CT at day 5 to 7. We measured the ischemic lesion with and without
hemorrhagic transformation using the formula for irregular volumes.
In patients who died before day 5 to 7, the last available CT was used
for the measurement of infarct volume. CT scans were reviewed by
a neuroradiologist with extensive experience in acute stroke who was
blinded to the clinical and TCD details.

Clinical Assessment
We assessed clinical status at baseline and 6 and 24 hours after
symptom onset by means of the NIHSS, which was conducted by a
neurologist or a senior neurology resident who was video-trained and
certified for application of the NIHSS.21 Early neurological deteri-
oration or improvement was defined as an increase or decrease of �4
points on the NIHSS score after 24 hours from baseline assess-
ment.11 An ICH was considered symptomatic if the patient had
clinical deterioration causing an increase of �4 points on the NIHSS
and if the hemorrhage was likely to be the cause of neurological
deterioration. The modified Rankin Scale22 (mRS) was used to
assess clinical outcome at 90 days. We defined poor outcome as
mRS score �3.

Statistical Analysis
The analysis was performed with the use of SPSS 9.0 software
(SPSS Inc). Statistical significance for intergroup differences was
assessed by 2-tailed Fisher exact test and Pearson �2 test for
categorical variables and Student t test and Mann-Whitney U test for
continuous variables. The Spearman coefficient was applied to verify
correlation between examined variables. A receiver operating char-
acteristic curve was applied to determine a cut-point of admission
blood glucose that better distinguishes between favorable and unfa-
vorable outcome. The probability of poor outcome, dependence, and
death at 3 months was assessed by forward stepwise logistic
regression analysis on the basis of the maximum likelihood ratio.
Variables with a value of P�0.1 on univariate testing were included.
A level of P�0.05 was accepted as statistically significant.
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Results
We studied a total of 73 patients (36 men and 37 women) with
an acute stroke due to MCA occlusion treated with intrave-
nous tPA at �3 hours of stroke onset. Demographic data, risk
factor profile, and baseline clinical findings are shown in
Table 1. Mean age was 70.4�9.8 years (range, 31 to 86
years). Median NIHSS score of the series on admission was
17 points, and interquartile range was 12.5 to 19 points. The
time elapsed between symptom onset and drug administration
was 143.2�34.2 minutes (range, 82 to 182 minutes). The
door-to-needle time was 67.6�24.7 minutes, ranging from 51
to 123 minutes. Mean admission glucose value was
154.1�59 mg/dL (range, 92 to 345 mg/dL). Fourteen patients
(19.1%) had glucose value �200 mg/dL. Thirty-one patients
(42.5%) were hyperglycemic and 42 (57.5%) normoglycemic
on admission. Hyperglycemic patients were more likely to
have a history of hypertension, diabetes mellitus, and hyper-
lipidemia than normoglycemic patients. Stroke severity was
unrelated to admission blood glucose levels.

On baseline TCD assessment, proximal MCA occlusion
was detected in 44 patients (60.3%) and distal occlusion in 29
(39.7%). In 5 patients, carotid ultrasound also revealed a
severe cervical carotid artery stenosis or carotid occlusion.
Early recanalization (�6 hours) was identified in 43 patients
(58.9%) (in 29 [69%] normoglycemic and 14 [45%] hyper-
glycemic patients). Recanalization was considered complete
in 28 and partial in 15 patients. In 30 patients (41.1%) the
MCA remained occluded at 6 hours. Reocclusion was seen in
6 patients (8.2%), of whom 4 were partial and 2 were
complete recanalizations. Baseline glucose was 148.3�48
mg/dL in reoccluded and 154.6�60 mg/dL in non-reoccluded
patients (P�0.75).

Symptomatic ICH within 48 hours of stroke onset occurred
in 7 patients (9.6%). There was a trend toward higher baseline
glucose level (P�0.076) in patients with symptomatic ICH
(169.3�28 mg/dL) than in those without symptomatic ICH
(152.2�61 mg/dL). Moreover, symptomatic ICH tended
(P�0.084) to be more frequent in nonreperfused (5 of 30;
17%) than in reperfused (2 of 43; 4.6%) tPA-treated patients.

Clinical assessment revealed that 20 patients (27.4%)
worsened, 38 (52.1%) improved, and 15 (20.5%) remained
stable during the first 24 hours of admission. Neurological
worsening was significantly (P�0.02) more frequent in
hyperglycemic (42%) than in normoglycemic (17%) patients.
As shown in the Figure, admission blood glucose correlated
negatively with the degree of neurological improvement at 24
hours in reperfused (r��0.43; P�0.019) but not in non-
reperfused (r��0.20; P�0.21) tPA-treated patients. The
strength of correlation between blood glucose and decreased
neurological improvement among reperfused patients per-
sisted after exclusion of those patients with symptomatic ICH
(r��0.35; P�0.031).

The median infarct volume as measured on CT at day 5 to
7 was 42.35 cm3 (interquartile range, 20 to 127 cm3). A trend

TABLE 1. Demographic Data, Risk Factor Profile, and Baseline
Clinical Findings of the Series

Variable
Normoglycemic

(n�42)
Hyperglycemic

(n�31) P

Sex: male 20 (48) 16 (52) 0.95

Age, y 69.1 (11) 72.4 (7.2) 0.14

Aspirin treatment 8 (19) 10 (32) 0.15

Hypertension 16 (38) 20 (65) 0.013

Diabetes 3 (7) 14 (45) �0.001

Hyperlipidemia 4 (10) 11 (35) 0.008

CHD 5 (12) 6 (19) 0.28

Stroke subtype 0.59

Cardioembolic 31 (73) 23 (74)

Atherothrombotic 3 (7) 4 (13)

Undetermined 8 (19) 4 (13)

Baseline NIHSS score 17 (12–18) 17 (11–20) 0.68

SBP, mm Hg 158.8 (17) 152.3 (28) 0.35

DBP, mm Hg 85.1 (11) 81.7 (10) 0.61

Body temperature 35.9 (0.53) 36.1 (0.12) 0.36

Blood glucose, mg/dL 118 (14) 201.7 (62) �0.001

Hematocrit, % 41.1 (3.2) 40.1 (5) 0.56

Platelet count 256.4 (124) 218.2 (71) 0.17

Prothrombin time, % 95.3 (12.1) 93.8 (15) 0.55

Onset-treatment interval, min 140.6 (31) 148.6 (36) 0.34

Proximal MCA occlusion 22 (52) 22 (71) 0.13

Recanalization �6 hours 29 (69) 14 (45) 0.051

Reocclusion 2 (5) 4 (13) 0.23

Early CT signs 20 (48) 18 (58) 0.57

Symptomatic ICH 5 (12) 2 (6.5) 0.078

Final infarct volume 32 (15–56) 96 (37–182) 0.015

Early deterioration 7 (17) 13 (42) 0.02

3-month mRS score 1 (1–3) 4 (3–6) �0.001

Values are mean (SD), median (interquartile range), or n (%) as appropriate.
DBP indicates diastolic blood pressure; SBP, systolic blood pressure; CHD,
coronary heart disease.

Point improvement in the NIHSS score at 24 hours according to
admission glucose levels in reperfused and nonreperfused tPA-
treated patients. Admission blood glucose correlated negatively
with the degree of neurological improvement at 24 hours in
reperfused (r��0.43; P�0.019) but not in nonreperfused
(r��0.20; P�0.21) tPA-treated patients.
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toward a positive correlation (r�0.275; P�0.092, Spearman
correlation coefficient) was found between admission blood
glucose and final infarct volume. Among reperfused tPA-
treated patients, the infarct volume was significantly
(P�0.015, Mann-Whitney U test) greater in hyperglycemic
(median, 96 cm3) than in normoglycemic (median, 32.2 cm3)
patients. In contrast, among patients who did not recanalize,
no difference was found (P�0.64, Mann-Whitney U test)
between normoglycemic and hyperglycemic patients with
regard to final infarct volume.

The median mRS score at 3 months was 3 points (inter-
quartile range, 1 to 4 points). The mRS score was signifi-
cantly lower in normoglycemic than in hyperglycemic pa-
tients (P�0.001, Mann-Whitney U test). Admission blood
glucose tended to be correlated with mRS score at 3 months
in reperfused (r�0.356; P�0.071) but not in nonreperfused
(r�0.21; P�0.18) tPA-treated patients. Among reperfused
patients, a receiver operating characteristic curve provided a
cut-point of 140.6 mg/dL (sensitivity, 68%; specificity, 78%)
as the admission blood glucose value that better distinguishes
between favorable and unfavorable outcome. Table 2 shows
the relative contribution of different variables for poor out-
come in both reperfused and nonreperfused tPA-treated

patients. Among patients who recanalized at �6 hours,
increased age (P�0.014), history of diabetes mellitus
(P�0.043), admission blood glucose value �140 mg/dL
(P�0.002), and early reocclusion on TCD (P�0.004) were
significantly associated with a poor outcome. A logistic
regression modeling revealed that only admission blood
glucose value �140 mg/dL (odds ratio, 8.4; 95% CI, 1.76 to
40.02; P�0.005) emerged as an independent predictor of
poor outcome in reperfused tPA-treated patients. These odds
remained materially unchanged after exclusion of the 2
patients with symptomatic ICH. In patients with a 6-hour
persistent MCA occlusion, baseline NIHSS score �15 points
(P�0.011) and proximal MCA occlusion (P�0.039) were
variables associated with poor outcome on univariate analy-
sis. In a logistic regression model, only NIHSS score �15
points (odds ratio, 11.9; 95% CI, 1.48 to 97.1; P�0.032)
remained as an independent predictor of poor outcome and
functional dependence at 3 months in nonreperfused tPA-
treated patients.

Discussion
The present study demonstrates that admission hyperglyce-
mia independently predicts poor outcome in reperfused but

TABLE 2. Relative Contribution of Different Variables for Poor (mRS 3–6) at 3
Months in Reperfused and Nonreperfused tPA-Treated Patients

Variable

Reperfused mRS 3–6 Nonreperfused mRS 3–6

Yes No Yes No

n�12 n�31 n�22 n�8

Sex: female 8 (68) 16 (53) 10 (46) 3 (38)

Age, y 76.1 (7) 67.2 (11)* 70.2 (8) 75.1 (10)

Hypertension 8 (68) 14 (46) 11 (50) 5 (63)

Diabetes mellitus 6 (50) 5 (17)* 4 (18) 1 (13)

Cigarette smoking 0 4 (14) 1 (16) 1 (13)

Hypercholesterolemia 3 (25) 3 (10) 9 (41) 1 (13)†

CHD 4 (33) 3 (10)† 4 (18) 0

Door-to-needle time, min 67.8 (21) 67 (27) 73.2 (22) 51.3 (22)†

Onset-treatment interval, min 149 (25) 147.9 (33) 141.6 (39) 120 (28)

NIHSS score �15 4 (33) 11 (37) 18 (81) 2 (26)*

Body temperature 35.8 (0.6) 35.9 (0.13) 36.3 (0.9) 36.2 (0.8)

Platelet count 234 (80) 267 (78) 232 (132) 204 (46)

Hematocrit, % 37 (2.9) 41.1 (2.1) 40.4 (3.8) 38.9 (3.9)

Fibrinogen, g/dL 3.6 (0.58) 3.6 (0.6) 3.2 (0.9) 3.7 (1)

Blood glucose �140 mg/dL 8 (66) 5 (17)* 12 (57) 4 (50)

SBP, mean 149 (22) 160.5 (19)† 153.7 (24) 165 (12)

DBP, mean 80.1 (17) 84 (15) 80.2 (13) 94.4 (10)

HDMCA sign 4 (33) 9 (30) 11 (50) 1 (13)†

Early CT signs 11 (44) 12 (46) 13 (59) 2 (26)

Proximal MCA occlusion 9 (75) 15 (50)† 16 (72) 2 (26)*

Partial recanalization 4 (33) 7 (23) � � � � � �

Early reocclusion 4 (33) 1 (3.3)* � � � � � �

*P�0.05; †P�0.1.
Values are mean (SD) or n (%) as appropriate. DBP indicates diastolic blood pressure; SBP, systolic

blood pressure; CHD, coronary heart disease; MCA, middle cerebral artery; HDMCA, hyperdense
middle cerebral artery.
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not in nonreperfused tPA-treated patients. Baseline blood
glucose �140 mg/dL is associated with a lesser degree of
neurological improvement, greater infarct size, and a worse
clinical outcome after tPA-induced recanalization. These
observations parallel findings in animal models of transient
cerebral ischemia, suggesting that the deleterious effect of
hyperglycemia on infarct growth is related to the occurrence
of reperfusion.

Previous studies have demonstrated that initial stroke
severity, older age, high blood pressure, early CT abnormal-
ities, history of diabetes mellitus, and serum glucose on
admission predict poor outcome and symptomatic ICH in
patients receiving tPA.6,13,23,24 However, these studies did not
evaluate the impact of different factors in predicting outcome
in relation to the status of recanalization.

In our study admission hyperglycemia emerged as a
powerful predictor of poor outcome in reperfused patients
independently of possible confounders such as age, stroke
severity, and diabetes mellitus. This observation suggests that
an elevated blood glucose before reperfusion may counter-
balance, in part, the beneficial effect of early restoration of
blood flow, which translates into a lesser degree of neurolog-
ical improvement, greater infarct size, and worse outcome in
hyperglycemic than in normoglycemic patients despite tPA-
induced recanalization. On the other hand, in patients with a
persistent arterial occlusion, stroke severity on admission
independently predicted poor outcome. This observation is in
consonance with previous MRI studies,25,26 which observed
an association between stroke severity, extent of brain hypo-
perfusion, and poor clinical outcome. This may indicate that
in the absence of recanalization, the extent of irreversible
brain injury grows progressively over time until it covers the
initial hypoperfused area. In this setting, we hypothesize that
blood glucose supply via collaterals may only accelerate this
process, but it has little or no impact on final infarct size and
long-term outcome in the absence of recanalization.

Hyperglycemia facilitates development of cortical acidosis
in the ischemic penumbra. Both moderate and severe hyper-
glycemia have been shown to be associated with worsening
of mitochondrial function in the ischemic penumbra.27 A
recent MRI study28 demonstrated that elevated blood glucose
levels are associated with an increased progression of hy-
poperfused at-risk tissue to infarction and poor stroke out-
come. Moreover, hyperglycemia-induced brain lactate pro-
duction, as measured by photon MR spectroscopy, was
correlated with reduced penumbra salvage in stroke pa-
tients.28 Recently, admission hyperglycemia has been dem-
onstrated to be associated with a greater degree of diffusion-
weighted imaging lesion growth and larger infarct volume in
patients receiving intravenous tPA.29 However, this study did
not allow any conclusion about whether the effects of
hyperglycemia on infarct size are linked to the occurrence of
recanalization.

Other pathophysiological mechanisms may explain the
adverse effect of hyperglycemia after arterial recanalization.
Hyperglycemia has been demonstrated to impair cerebrovas-
cular reactivity in the microvasculature, which may hamper
reperfusion after recanalization by contributing to the no-
reflow phenomenon.30,31 Moreover, acute hyperglycemia has

been shown to facilitate excitatory amino acid release. Extra-
cellular glutamate concentrations after forebrain ischemia in
rats have been observed to be higher in hyperglycemic than in
normoglycemic animals.32 Furthermore, hyperglycemia af-
fects cortical spreading depression–induced gene expression,
which may trigger massive Ca2� influx and initiate cell death
cascade.33 In addition, hyperglycemia may alter blood-barrier
permeability and promote blood-barrier disruption, which, in
turn, exacerbates brain edema formation and leads to hemor-
rhagic transformation, respectively.34,35

The present study has certain limitations. The analysis is
based on case series, and the possibility of bias cannot be
excluded; therefore, the present study does not allow the
efficacy of tPA based on admission glucose levels to be
determined. Moreover, the relatively small sample size lim-
ited the power for multivariate analysis, which calls for larger
studies to confirm our observations. Furthermore, given that
glycosylated hemoglobin was not determined in our patients,
we cannot rule out that the negative effect observed in
reperfused patients may be related to both diagnosed and
undiagnosed diabetes rather than hyperglycemia per se. In the
present study blood glucose was measured on admission
before tPA administration. However, it may not accurately
indicate the glucose burden that reaches the ischemic tissue at
the time of reperfusion. A combined approach by continuous
glucose (subcutaneous device) and TCD monitoring in the
acute stroke setting may provide valuable information regard-
ing the effects of blood glucose at different times of recana-
lization on stroke outcomes.

In conclusion, admission hyperglycemia is associated with
a lesser degree of neurological improvement, greater infarct
size, and worse outcome after tPA-induced recanalization.
These findings underscore the importance of increased oxi-
dative stress on reperfusion injury in humans. Further studies
are needed to elucidate whether aggressive glycemic control
before reperfusion may counteract the deleterious effects of
hyperglycemia in patients receiving thrombolytic therapy.
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Editorial Comment

Hyperglycemia and Early Reperfusion Therapy

Clinical studies of acute ischemic stroke support the conclusions of
most experimental studies of focal cerebral ischemia in suggesting
that admission hyperglycemia is associated with a worse clinical
outcome.1 This association is more consistent in nonlacunar strokes2

and in experimental models of reversible focal cerebral ischemia.3

The acute ischemic penumbra might be preferentially susceptible to
injury in hyperglycemic ischemia. Indeed, by use of MR methods,
hyperglycemia in acute ischemic stroke was shown to promote the
evolution of hypoperfused tissue to infarction and to do so by
increased brain lactate production.4

This role of hyperglycemia may be of particular importance in
patients treated with early reperfusion therapy. Elevated admis-

sion blood glucose has emerged as a probable risk factor for
thrombolysis-related ICH and for poor outcome in patients with
acute ischemic stroke.5–7 A recent post hoc analysis from the
NINDS rtPA Stroke Trial has shown that in patients with acute
ischemic stroke, higher admission glucose levels are associated
with significantly lower odds for desirable clinical outcomes and
significantly higher odds for symptomatic ICH, regardless of
whether recombinant tPA (rtPA) treatment is given.8

In the accompanying article, Alvarez-Sabín et al demon-
strate, in a case series of patients with acute ischemic stroke
treated with rtPA and assessed serially by TCD, that admis-
sion hyperglycemia independently predicts poor outcome in
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reperfused but not in nonreperfused rtPA-treated patients.
These intriguing findings suggest that the deleterious effect of
hyperglycemia on infarct growth may be related to whether or
not reperfusion occurs. While the study provides useful data
that extend previous observations, there are also apparent
inherent caveats from the retrospective and uncontrolled
nature of these analyses, which are based on a relatively small
series of patients from a single center.

Hyperglycemia can be rapidly and relatively easily cor-
rected and controlled. Better glycemic control by intravenous
insulin and glucose infusion has been shown to improve
clinical outcomes from acute myocardial infarction, in par-
ticular when it was added to acute reperfusion therapy.9,10

Randomized controlled trials are currently under way, de-
signed to determine whether insulin-induced and -maintained
euglycemia in acute stroke patients is effective.11 On the basis
of the current state of knowledge, including the accompany-
ing article, it is reasonable to hypothesize that metabolic
support may be of particular value, in combination with
reperfusion therapy for acute ischemic stroke, in minimizing
reperfusion injury related to hyperglycemia. This possibility
is especially important in light of the growing use of new
strategies for early reperfusion therapy in acute ischemic
stroke. Aggressive insulin treatment may exert important
metabolic effects beyond maintaining euglycemia, but such
treatment is not without potential risks.12 Therefore, the
optimal and safe protocol of administering insulin should be
sought and rigorously tested in carefully designed prospective
clinical trials utilizing reperfusion therapy.
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