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ABSTRACT: Background: Intravenous tissue-type plasminogen activator (IVtPA) is a proven treatment for acute ischemic stroke;
however, diabetes mellitus (DM) and previous cerebral infarction (PCI) were considered relative contraindications for thrombolysis
within the 3–4.5 h period. Objective: The study aimed to determine the safety and efficacy of IVtPA among diabetic patients with PCI
presenting with acute ischemic stroke. Methods: Studies which evaluated the outcome of IVtPA in terms of symptomatic intracerebral
hemorrhage (sICH), functional outcome in modified Rankin scale, and death among diabetic patients with PCI presenting with acute
ischemic stroke within the 3–4.5 h period were systematically searched until July 2019. Screening and eligibility criteria were applied.
Risk of bias was evaluated using the Newcastle–Ottawa Scale. Odds ratios (ORs) with 95% confidence interval (CI) were used to compare
measures of treatment effect. Mantel–Haenszel method and random-effects model were also employed. Results: Four registry-based
studies with a total of 44,572 patients were included for quantitative synthesis. Giving IVtPA among DM+/PCI+ patients did not result in
significantly increased rate of sICH (OR, 1.09; 95% CI, 0.88, 1.36) compared to No DM+/PCI+ patients. However, there was
significantly higher mortality (OR, 1.81; 95% CI, 1.60, 2.06) in the DM+/PCI+ group. Conversely, among those who survived, the
DM+/PCI+ patients were more functionally independent at 3 months (OR, 0.76; 95% CI, 0.61, 0.94). Conclusion: Limited evidence
suggests that thrombolysis in DM+/PCI+ patients does not result in significantly higher incidence of sICH and may improve functional
independence. However, the significantly higher mortality in this group warrants an assessment of the individualized risk–benefit ratio in
the use of IVtPA.

RÉSUMÉ: Méta-analyse des résultats d’un traitement thrombolytique administré à des patients diabétiques ayant des
antécédents d’infarctus cérébraux. Contexte : L’altéplase par voie intraveineuse (tPA-IV) est un traitement pour les AVC ischémiques
aigus qui a fait ses preuves. Cela dit, le fait de souffrir de diabète sucré (DS) et d’avoir été victime dans le passé d’un infarctus cérébral
continuent, dans des délais allant de 3 à 4,5 heures, à être considérés comme des contre-indications relatives pour un traitement
thrombolytique. Objectif : Cette étude a cherché à démontrer la sécurité et l’efficacité du tPA-IV chez des patients diabétiques avec des
antécédents d’infarctus cérébraux victimes d’un AVC ischémique aigu. Méthodes : Pour les patients décrits précédemment et tenant
compte de délais de 3 à 4,5 heures, nous avons effectué une recherche systématique au sujet d’études évaluant l’efficacité du tPA-IV en
lien avec de potentielles manifestations d’hémorragie intracérébrale symptomatique, des résultats fonctionnels à l’échelle modifiée de
Rankin et des taux de mortalité. En plus de nous limiter à des études parues avant juillet 2019, nous avons mis de l’avant des critères de
filtrage et d’admissibilité. Les risques de biais ont été évalués au moyen de l’échelle de Newcastle-Ottawa. Les rapports des cotes (RC)
avec un intervalle de confiance (IC) de 95 % ont été par ailleurs utilisés pour comparer entre elles les mesures de l’effet du traitement.
Finalement, la méthode de Mantel-Haenszel ainsi qu’un modèle à effets aléatoires ont été également appelés en renfort. Résultats : Au
total, 4 études portant sur 44 572 dossiers de patients ont été inclues en vue d’une synthèse quantitative. Le fait d’administrer du tPA-IV
aux patients décrits ci-dessus n’a pas entraîné une augmentation significative du taux d’hémorragie intracérébrale symptomatique (RC
1,09 ; IC 95 % : 0,88 - 1,36) en comparaison avec des patients non-diabétiques n’ayant pas d’antécédents d’infarctus cérébraux. Toutefois,
les taux de mortalité se sont avérés nettement plus élevés (RC 1,81 ; IC 95 % : 1,60 - 2,06) parmi les patients qui nous intéressent ici. À
l’inverse, parmi les patients ayant survécu, ceux qui avaient des antécédents d’infarctus cérébraux et qui étaient diabétiques se sont révélés
au bout de 3 mois plus autonomes sur le plan fonctionnel (RC 0,76 ; IC 95 % : 0,61- 0,94). Conclusion : Pour l’instant, des preuves
limitées suggèrent qu’un traitement thrombolytique chez des patients diabétiques ayant des antécédents d’infarctus cérébraux n’entraîne
pas une fréquence significativement plus élevée d’hémorragie intracérébrale symptomatique et pourrait améliorer en bout de ligne
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l’autonomie fonctionnelle des patients. Cela dit, le taux de mortalité nettement plus élevé au sein de ce groupe de patients justifie une
évaluation du rapport risque-bénéfice individualisé rattaché au tPA-IV.

Keywords: Diabetes mellitus, Previous stroke, Previous cerebral infarction, IV thrombolysis, IVtPA, Outcome
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INTRODUCTION

Worldwide, stroke is the second leading cause of death and
a major cause of disability.1 Since the National Institute of
Neurological Disorders and Stroke (NINDS) Intravenous alte-
plase to Intravenous tissue-type plasminogen activator (IVtPA)
trial in 1995, a paradigm shift was initiated in the management of
ischemic stroke.2,3 Timely administration of the drug effected
better 90-day outcomes in carefully selected acute ischemic
stroke patients.4 However, not all potentially eligible patients
benefited from this form of treatment.5 Globally, only about 2%–

10% of stroke patients received IVtPA.5,6 Many patients failed to
receive IVtPA on account of rigid guidelines that accompany the
administration of the drug.7 Because of the criteria set by the
landmark trial of the third European Cooperative Acute Stroke
Study (ECASS III), patients with previous cerebral infarction
(PCI) and diabetes mellitus (DM) were excluded in the 3–4.5 h
extended time window.8 The exclusion is based on the poorer
outcomes observed in patients with DM and PCI compared with
those patients who have neither comorbidities.6,9-16 Recently
published systematic review on early recurrent stroke and
IVtPA, however, has shown similar findings in terms of
functional outcome and symptomatic intracerebral hemorrhage
(sICH) to that of published data on thrombolyzed patients
without a recent stroke.17,18 Independently, secondary analyses
of trial data and observational studies have identified hyperglyce-
mia or DM as a risk factor for sICH after thrombolytic therapy, as
well as in untreated stroke.19 Poorer response to IVtPA in these
patients is considered to be a result of increased plasminogen
activator inhibitor-1 activity, resistance to antithrombotic
agents, and higher prevalence of atherosclerosis.11,20,21 More-
over, hyperglycemia has repeatedly shown a deleterious effect of
exacerbating ischemic brain injury, accelerating the molecular
processes leading to cell death, and resulting finally in larger
infarct volumes and poorer outcomes, including higher mortality,
poorer neurological and functional outcomes, longer hospital
stay, higher readmission rates, and stroke recurrence.9,22 This
can be explained from a pathophysiologic perspective, wherein
excess perfusion after recanalization of local vascular occlusion
as well as various mechanisms and factors involved in ischemic/
reperfusion cascade leads to the damage of the blood–brain
barrier and dysfunction of the vascular basal lamina, which may
cause intracerebral hemorrhage (ICH).23 Therefore, the exclusion
criteria in previous studies and clinical practice may infer that the
damage of blood–brain barrier and vascular basal lamina caused
by previous infarction have not yet fully recovered; hence,
intravenous thrombolysis with IVtPA may increase the risk for
hemorrhage in these areas.23

Regardless, contraindications to IVtPA vary among guide-
lines such as the American Heart Association (AHA) guidelines24

and the European Stroke Initiative recommendations.13 The latest
AHA/American Stroke Association (ASA) guidelines state that

IVtPA in patients with a combined history of DM and PCI pre-
senting in the 3–4.5 h time window, IVtPA may be as effective as
treatment in the 0- to 3 h window.24 Despite increasing data
supporting the benefit of IVtPA in these patients, the European
restriction of IVtPA in patients with previous stroke and DM is
still enforced.13,25

This review aims to determine the safety and efficacy of
IVtPA among diabetic patients with a history of stroke presenting
in the 3–4.5 h time window using meta-analysis of relevant
studies in terms of the following outcome measures: mortality,
symptomatic intracranial hemorrhage (sICH), and functional
outcomes using modified Rankin scale (mRS).

METHODS

The Preferred Reporting Items for Systematic Reviews and
Meta-analysis (PRISMA) and the Meta-analysis of Observational
Studies in Epidemiology (MOOSE) Consensus Statements guide-
lines were followed in this review.26,27

Criteria for Inclusion of Studies

Types of Studies. We considered studies that employed ran-
domized controlled trials and prospective or retrospective cohort
studies. Studies that were designed with no comparator group were
excluded. Only studies that reported primary data, expressed in the
English language and available in full-text, were considered.

Types of Participants. Studies whose participants were
selected according to the NINDS trial criteria in the administra-
tion of IVtPA were considered in this review.3 We included in the
analyses the following patients who presented with a new acute
ischemic stroke within 3–4.5 h time window and underwent
IVtPA: (1) diabetic patients with PCI (DM+/PCI+) and (2)
patients with no diabetes and PCI (No DM+/PCI+). PCI is defined
as having a history of previous ischemic stroke in the last 3 months.
The No DM+/PCI+ group includes patients with neither DM nor
PCI, patients with DM only, and patients with PCI only.

Types of Interventions. We included studies which employed
the standard 0.9 mg/kg dose of IVtPA within 3–4.5 h time
window of stroke onset.

Types of Outcome Measures. The primary outcomes consid-
ered in this review are the safety endpoints of IVtPA measured in
terms of mortality and sICH as defined by the Safe Implementa-
tion of Thrombolysis in Stroke-Monitoring Study (SITS-MOST)
criteria.9 The secondary endpoint considered in this review is the
efficacy outcome of IVtPA on functional outcomes as measured
by mRS at 3 months. A good functional outcome was variably
defined as mRS of 0–2 indicating functional independence, while
all others were considered poor outcome.

Search Methods for Identification of Studies

Literature search was done up to July 19, 2019, in the
following databases: Medline via PubMed, ClinicalTrials.gov
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website, Cochrane Central Register for Controlled Trials
(CENTRAL) by the Cochrane Library, and Scopus. The
following general search and corresponding MeSH terms were
used: “diabetes mellitus,” “previous stroke,” and “intravenous
thrombolysis.” Alternate keywords such as “DM,” “previous
cerebral infarction,” and “IV r-TPA” were also used. The
detailed search strategies are listed in Appendix A.

Selection of Studies

Titles and abstracts obtained in the systematic search were
evaluated using predefined screening criteria by two authors
(ATP, AIE). After deduplication, full-text of articles which passed
the screening criteria were obtained and evaluated by two authors
(JDD, AIE). Studies which fulfilled the eligibility criteria were
included in this review. Two authors (ATP, AIE) collected relevant
data from the included studies.

Methodological Quality Assessment

The methodological quality of the studies included was
conducted by two authors (ATP, JDBD). The risk of bias was
assessed using the Newcastle–Ottawa Scale.28

Data Collection and Analysis

Odds ratios (ORs) with 95% confidence interval (CI) were used
to compare measures of treatment effect. The data were analyzed
using Stata 15.1 software (StataCorp. 2017. Stata Statistical
Software: Release 15. College Station, TX: StataCorp LLC).
Dichotomous outcomes were pooled using the Mantel–Haenszel
method. Random-effects model was used in the meta-analyses.29

Statistical significance was considered if the 95% CI of the OR
between the intervention and the control arms did not include the
number one.

Statistical heterogeneity was detected using the chi-squared
test with a p-value < 0.10 to indicate statistically significant
heterogeneity.30 The I2 statistic was employed to determine
degree of heterogeneity, with an I2> 50% denoting substantial
heterogeneity.30

RESULTS

Systematic Literature Review

Using the search terms, we identified a total of 13 records with
only one duplicate removed (Figure 1). After applying the
eligibility criteria, four papers were included in this review.31,32

Characteristics of Studies and Patients

The studies’ and patients’ characteristics are summarized in
Appendix B and Table 1, respectively. All of the studies were
registry based. Of the 44,572 patients in the combined registries,
2841 of them had both DM and PCI (DM+/PCI+), while 41,731
had DM only, PCI only, and neither DM nor PCI (No DM+/PCI+
group). Most of the patients were males (n= 24,305; 54.5%). The
great majority of the patients were in the No DM+/PCI+ group
(n = 41,731; 93.6%). DM+/PCI+ patients were older than the
No DM+/PCI+ group. Baseline NIHSS scores were similar in
both groups except for the study by Filipov which showed
higher NIHSS on admission for the DM+/PCI+ group. Higher
admission blood glucose was recorded in DM+/PCI+ patients.

Figure 1: PRISMA flow diagram for study selection.
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Table 1: Patient demographic and clinical characteristics

Fuentes et al.30 Mishra et al.31 Ehrlich et al.18 Filipov et al.24

DM+/PCI
+(n = 34)

DM+/PCI-
(n = 257)

DM-/PCI
+(n = 118)

DM-/PCI-
(n=1063)

DM+/PCI
+(n = 602)

DM+/PCI-
(n = 3905)

DM-/PCI
+(n = 2972)

DM-/PCI-
(n = 16275)

DM+/PCI
+(n=2129)

DM+/PCI- DM-/PCI+
DM-/PCI-
(n=16690)

DM+/PCI
+(n = 76)

DM+/PCI- DM-/PCI+
DM-/PCI-
(n = 239)

Age, mean (SD), years 73.1 (7.1) 71.1 (10.7) 70.2 (12.1) 66.8 (13) 71 (9.4) 69.9 (9.5) 70.1 (10.5) 65.9 (13.1) 69 (12.23) N/A N/A 68 (15.76) 76.1 (11.3) N/A N/A 69.3 (15.2)

Gender (Female), n(%) 12 (35.3) 122 (47.3) 56 (47.1) 501 (47.1) 239 (39.7) 1550 (39.7) 1224 (41.2) 6865 (42.2) 1079 (50.7) N/A N/A 8352 (50.04) 38 (50) N/A N/A 117 (49)

Medical history, n(%)

Hypertension 30 (88.2) 216 (83.4) 93 (78.2) 573 (53.9) 538 (89.7) 3235 (83.4) 2247 (76.5) 8918 (55.7) 1868 (87.74) N/A N/A 10717 (64.21) 71 (93.4) N/A N/A 188 (78.7)

Atrial fibrillation 9 (26.5) 62 (23.9) 33 (27.7) 167 (15.7) 179 (30.3) 1130 (29.6) 799 (27.6) 3850 (24.1) 345 (16.2) N/A N/A 2761 (16.54) 30 (36.8) N/A N/A 62 (25.9)

Congestive heart failure 4 (11.8) 26 (10.0) 15 (12.6) 60 (5.6) 92 (15.8) 538 (14.2) 312 (10.8) 1108 (6.9) 14.51 N/A N/A 6.43 NA N/A N/A NA

Prior anti-platelet use 16 (47.1) 63 (24.3) 60 (50.4) 170 (16) 442 (77) 1920 (50.6) 2140 (74.7) 4888 (30.6) 1486 (69.82) N/A N/A 5816 (34.85) 54 (71.1) N/A N/A 84 (35.1)

Admission variables

Arrival blood glucose,
mean (mg/dL)

145.5 173.1 117.7 120.4 NA NA NA NA 160 N/A N/A 112 152 N/A N/A 116

Systolic BP (mmHg),
median (SD)

151.2 (24)* 153.7 (21.3) 149.4 (21.5) 146.4 (22.7)* 154 (20.5) 154.6 (20.7) 152.1 (20.4) 150.3 (21.2) 158 (138-80) N/A N/A 155 (137-176) 163 (28) N/A N/A 166 (32)

Baseline NIHSS (median) 13 (11) 13 (11) 12 (11) 13 (10) 12 13 12 12 8 N/A N/A 7 7 N/A N/A 5

NR means not reported. *Only the mean is reported by Fuentes for the systolic blood pressure on admission.
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Furthermore, hypertension and atrial fibrillation are more
common in the DM+/PCI+ group with note of higher number
of antiplatelet use.

Methodological Quality Assessment

The results were summarized in a risk of bias table (see
Appendix C).

Outcomes

Unadjusted rates of sICH were not increased significantly
among DM+/PCI+ patients who were given IVtPA (OR, 1.09;
95% CI, 0.88, 1.36) (see Figure 2).19,25,31 However, mortality
appears to be increased in the DM+/PCI+ group (OR, 1.81;
95% CI, 1.60, 2.06) (see Figure 3).25,31,32 In terms of functional
outcome, IVtPA in DM+/PCI+ patients was more likely to be
functionally independent at 3 months (mRS of 0–2) compared
with the No DM+/PCI+ group (OR, 0.76; 95% CI, 0.61, 0.94)
(Figure 4).31,32

DISCUSSION

Most of the contraindications to IVtPA were derived from
major stroke trials as expert consensus in the field for the NINDS

trial.7 The basis for the exclusion of DM, PCI, or both in the
administration of IVtPA was due to the findings that associate
these comorbidities to a higher risk of hemorrhagic transforma-
tion after IVtPA administration.13 Compared to patients who
were given IVtPA according to SITS-MOST criteria, a previous
report suggested that patients with DM and PCI showed signifi-
cantly less neurological improvement, more sICH, and higher
mortality at discharge.9

Contrary to these reports, using the 4 registries analyzed in this
review, thrombolysis within the 3–4.5 h period post-ictus in DM
+/PCI+ patients had no significant difference in terms of sICH
compared to the No DM+/PCI+ group. DM+/PCI+ patients
treated with IVtPA are more likely to be ambulatory at 3 months
compared to the No DM+/PCI+ patients. However, higher
mortality was observed after giving IVtPA in the DM+/PCI+
group compared to No DM+/PCI+ group. These results imply
that despite having a higher likelihood of dying DM+/PCI+
patients who actually survive are less disabled than the patients
in the No DM+/PCI+ group. However, we also note that the
meta-analysis done for 3-month functional outcomes showed
significant statistical heterogeneity at 51%. In addition, the study
of Filipov was not included in the meta-analysis for functional
outcomes but was included in the mortality meta-analysis.25

Figure 2: Forest plot showing odds ratios comparing the outcomes of diabetic patients with prior cerebral infarction (DM+/PCI+) versus patients
with no diabetes and with no previous cerebral infarction (No DM+/PCI+) in terms of the risk of symptomatic intracranial hemorrhage.

Figure 3: Forest plot showing odds ratios comparing the outcomes of diabetic patients with prior cerebral infarction (DM+/PCI+) versus patients
with no diabetes and with no previous cerebral infarction (No DM+/PCI+) in terms of the risk of mortality.
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We recall that this study had significantly higher baseline NIHSS
(7 vs 5) in the DM+/PCI+ group. Our pooled outcomes may be
significantly different if we had functional outcome data from this
study.

Several possible confounding factors may have contributed to
the higher mortality in the DM+/PCI+ group, namely, age,
presence of significant comorbidities at baseline, and raised blood
glucose on admission. As previously mentioned, patients in the
DM+/PCI+ group were older than their counterpart, and it has
been shown in studies that age can significantly affect outcome
resulting in higher ratio of unfavorable results.6,31,33 Moreover,
patients in the DM+/PCI+ group were more medically complex
than their counterparts with higher number of significant comor-
bidities at baseline which may have complicated their condition
further. Moreover, it has been known from the SITS-ISTR report
that admission hyperglycemia is an independent predictor of poor
outcome after stroke in IVtPA-treated patients.25,34,35 Noncausal
explanation posits that hyperglycemia may be merely an epiphe-
nomenon indicative of an acute response to stress apart from a
previous undiagnosed DM.35-37

Despite several studies supporting findings that DM+/PCI+
patients can be successfully treated with IVtPA with favorable
outcomes,6,38-40 we recommend assessment of risk–benefit
ratio and careful consideration of the characteristics of patients
with DM and PCI for thrombolysis in acute ischemic stroke
based on the results of the pooled analyses in this review.
Although IVtPA may significantly improve functional disabil-
ity and appear not to increase sICH events, this intervention
should not be routinely given to all patients with DM and PCI
due to possible increased mortality from yet undetermined,
established factors. Thus, based on the data provided in this
current study, limited evidence suggests that an individualized
management approach in this set of population is encouraged
considering all the confounding factors that could affect
patient outcomes.

This study has some inherent limitations. The results were
derived from looking into databases with previously collected
data; hence, validity of the results was dependent on accurate
documentation of clinical data and outcomes of patients in these
registries. Some relevant follow-up data were missing including
data in sICH in the study by Mishra.32 Finally, some results were
difficult to combine due to differences in the reported outcome
measures, e.g., variability in categorization of good and poor

functional outcome, differences regarding timing of assessment
of outcomes post-thrombolysis.

In line with this, performance of longitudinal, prospective,
controlled studies may be imperative to provide a more conclu-
sive evidence regarding the effectiveness and safety of IVtPA in
patients with DM and PCI in acute ischemic stroke. In order to
drive the performance of a sound and ethical clinical trial
involving this subgroup of patients, provisions to demonstrate
clinical equipoise, e.g., in terms of the characteristics of the
participants that must be involved that could potentially benefit
from this intervention, should be established. Based on the
baseline characteristics of patients included in this review, youn-
ger patients with no other significant comorbidities are speculated
to benefit from this intervention with no probable significant
increase in sICH, and more importantly, in mortality. Another
option to provide evidentiary support on the use of IVtPA in
this population would be to conduct studies which were
prospectively collected in countries wherein the presence of DM
and PCI is not among the exclusion criteria to thrombolyze.32

Finally, interaction of different confounding factors that could
possibly affect the outcome, such as stroke severity at onset as
well as other medical conditions, may be analyzed in the future
studies to evaluate predictors of outcomes in these patients.

CONCLUSION

In conclusion, limited evidence suggests that for patients who
had an acute ischemic stroke within the 3–4.5 h period, diabetic
patients with PCI showed no significant difference in terms of
sICH compared to patients with no diabetes and PCI. Signifi-
cantly more thrombolyzed diabetic patients with PCI were func-
tionally independent at 3 months but also had higher mortality
compared with patients with No DM and PCI. The decision to
thrombolyze this subpopulation should be individualized with
careful considerations on advanced age and significant comorbid-
ities as to hypertension and atrial fibrillation. Further prospective,
controlled studies may be necessary to substantiate the effectiveness
and safety of this intervention in this subgroup population.
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