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Abstract

Background and Purpose—Acute ischemic stroke (AIS) patients with history of prior 

ischemic stroke plus concomitant diabetes mellitus (DM) were excluded from the ECASS III trial 

due to safety concerns. However, there are few data on use of intravenous tissue plasminogen 

activator (tPA) and symptomatic intracranial hemorrhage (sICH) or outcomes in this population.

Methods—Using data from the Get With The Guidelines-Stroke Registry (GWTG-Stroke) 

between February 2009 and September 2017 (n=1619 hospitals), we examined characteristics and 

outcomes among AIS patients treated with tPA within the 3–4.5 hour window who had a history of 

prior stroke and DM (HxS+DM, n=2129) versus those without either history (n=16,690).

Results—Compared with patients without either history, those with both prior stroke and DM 

treated with tPA after an acute ischemic stroke had a higher prevalence of cardiovascular risk 

factors in addition to history of prior stroke, diabetes, and more severe stroke (NIHSS median 8 

[IQR 5–15] vs. 7 [4–13]). The unadjusted rates of sICH and in-hospital mortality were 4.3% (HxS

+DM) vs 3.8% (without either history) (p=0.31) and 6.2% vs 5.5% (p=0.20), respectively. These 

differences were not statistically significant after risk adjustment (sICH, adjusted odds ratio [OR] 

0.79[95% CI, 0.51–1.21], p=0.28; in-hospital mortality OR 0.77 [95% CI, 0.52–1.14], p=0.19). 

Unadjusted rate of functional independence (Modified Rankin Scale score [mRS] 0–2) at 

discharge was lower in those with history of prior stroke and DM (30.9% HxS+DM vs 44.8% 

Corresponding Author:Matthew E Ehrlich, MD MPH, Duke University Medical Center, Dept. of Neurology, Box 3824, Durham, NC 
27710, P: 919-684-3801, F: 919-613-3606, Matthew.ehrlich@duke.edu. 

Health Research Alliance
Member Organization Author Manuscript
Stroke. Author manuscript; available in PMC 2020 June 01.

Published in final edited form as:
Stroke. 2019 June ; 50(6): 1497–1503. doi:10.1161/STROKEAHA.118.024172.H

ealth R
esearch A

lliance A
uthor M

anuscript
H

ealth R
esearch A

lliance A
uthor M

anuscript



without either history, p=<0.0001), and this difference persisted after adjusting for baseline 

clinical factors (adjusted OR 0.76 [95% CI, 0.59–0.99], p=0.04).

Conclusion—Among AIS patients treated with intravenous tPA within the 3–4.5 hour window, 

history of prior stroke plus DM was not associated with statistically significant increased sICH or 

mortality risk.
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Background and Purpose

For acute ischemic stroke (AIS) patients, intravenous (IV) tissue plasminogen activator (tPA) 

remains the only effective medical treatment shown to improve outcomes1–3. However, 

many AIS patients do not receive this acute therapy due to the numerous exclusion criteria in 

the original pivotal trials of IV tPA, especially in the 3–4.5 hour window. History of prior 

stroke plus concomitant diabetes mellitus (HxS+DM), while no longer considered a 

contraindication in the most recent AHA/ASA guidelines3, is considered a contraindication 

in European licensing for the drug. Unlike other contraindications to tPA, where high risk of 

bleeding and symptomatic intracerebral hemorrhage (sICH) is the major concern, the 

European licensing documentation for tPA also lists the basis for excluding patients with 

HxS+DM as due to a perceived less favorable benefit/risk ratio4. While randomized clinical 

trials represent the highest quality data, patients with HxS+DM were excluded from the 

ECASS III trial for IV tPA in the 3–4.5 hour window.2 As of today, only 204 patients with 

HxS+DM were enrolled in all completed trials of tPA (NINDS A/B, ECASS I/II/III, 

ATLANTIS A/B, EPISTHET, IST-3).5,6 These patients were either not treated in the 3–4.5 

hours window or not evaluated for the effect of tPA in this specific subpopulation. Secondary 

analyses of trial data and observational studies have identified hyperglycemia or diabetes 

mellitus (DM) as a risk factor for sICH following thrombolytic therapy7–11 as well as in 

untreated stroke7,12,13. However other studies have reported favorable outcomes with off-

label IV tPA and have included patients with HxS+DM14–19. It has also been shown that 

these patients are being treated frequently in real-world practice, though limited to a 

relatively small sample20.

We analyzed data from the Get With The Guidelines (GWTG)-Stroke database to compare 

characteristics, safety, and in-hospital outcomes among AIS patients treated with IV tPA in 

the 3- to 4.5 hour window who had HxS+DM versus those without either history.

Methods

The GWTG-Stroke program characteristics have been previously published.21,22 This 

ongoing, voluntary national stroke registry and performance improvement program is 
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sponsored by the American Heart Association/American Stroke Association and was 

developed to improve the quality of care and outcomes for patients with acute ischemic 

stroke. Standardized data collection in the registry includes patient demographics, medical 

history (including history of prior stroke and DM), time of symptom onset and tPA 

administration, reasons for nontreatment with tPA, diagnostic testing and imaging, in-

hospital treatment and outcomes (including symptomatic intracerebral hemorrhage [sICH; 

defined as a computed tomography <36 hours that shows ICH and physician’s notes indicate 

clinical deterioration because of hemorrhage], hospital discharge destination, and 

ambulatory status at discharge). The validity and reliability of data collection in GWTG-

Stroke has been previously reported23. The GWTG-Stroke program is sponsored by the 

AHA. IQVIA (Durham, NC) serves as the data collection and registry coordination center 

for GWTG-Stroke and the DCRI serves as the data analytical center for the GWTG. 

Institutional review board approval was granted to analyze aggregate, deidentified data for 

research purposes. The data set from this study is held securely in coded form at the DCRI. 

While data sharing agreements prohibit the AHA from making the data set publicly 

available, researchers may submit proposals for statistical analysis of the confidential data 

by the Duke Clinical Research Institute, with approval from the AHA. Details of the 

application process are available at http://www.heart.org/en/professional/quality-

improvement/quality-research-and-publications/national-level-program-data-research-

opportunities.

We included patients from GWTG-Stroke from February 2009 to October 2017 who were 

treated with IV tPA between 3- to 4.5 hours from symptom onset or last known well time, 

giving a study population of 34557patients from 1641 sites (Figure 1). We excluded patients 

who were already admitted to the hospital at the time of their stroke, received experimental 

IV tPA or catheter-based treatments, were treated with IV tPA at another hospital, 

transferred in from another hospital, or had missing data in medical history. An additional 

10522 patients were excluded who had either prior stroke or DM but not both. After these 

exclusions, the study population included 29341 patients from 1619 hospitals. Among them, 

2129 had HxS+DM, while 16,690 had history of neither prior stroke nor DM.

Baseline characteristics, comorbidities, and treating-hospital characteristics were described 

overall and by the patient groups of interest using proportions for categorical variables and 

medians with 25th and 75th percentiles for continuous variables. The standardized 

differences were used to compare these characteristics between the two patient groups. 

Unlike t-tests or chi-square tests, the standardized difference is not influenced by sample 

size. A standardized difference greater than 10 indicates a significant imbalance between the 

groups.24

Multivariable logistic regression modeling was then performed to evaluate the association 

between HxS+DM and in-hospital outcomes including sICH, in-hospital mortality, serious 

and life-threatening hemorrhage, modified Rankin Scale score (mRS) at discharge, 

ambulatory status and discharge disposition. The adjusted model controlled for baseline 

patient demographics, clinical factors, and hospital characteristics that are expected to be 

predictive of outcomes and have been used in prior GWTG-Stroke analyses to estimate tPA 

complications and in-hospital outcomes after stroke.9,25 These variables included age, sex, 
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race (non-Hispanic white, non-Hispanic black, Hispanic, black, Asian, other), calendar year, 

medical history of atrial fibrillation/flutter, previous transient ischemic attack (TIA), 

coronary artery disease(CAD)/prior myocardial infarction (MI), carotid stenosis, peripheral 

vascular disease (PVD), hypertension, dyslipidemia, smoking, heart failure, arrival via 

emergency medical services (EMS), arrival during off hours (vs. regular hours, defined as 

7AM-6PM Monday-Friday), National Institutes of Health Stroke Scale score (NIHSS), 

medications prior to admission including antiplatelet, anticoagulant, antihypertensive, 

cholesterol reducing agents and DM medications, vital signs and labs including body mass 

index (BMI), systolic blood pressure (SBP), blood glucose, serum creatinine, and 

international normalized ratio (INR). Hospital characteristics included academic status, 

geographic region, number of beds, annual ischemic stroke volume, annual IV tPA volume, 

Joint Commission primary stroke center status (PSC), comprehensive stroke center (CSC) 

status, and rural location. Generalized estimating equations were used in all regression 

models to account for within-hospital clustering. Patient data were missing for ≤5% on sex, 

race, EMS, NIHSS, antiplatelet, anticoagulation and cholesterol reducing medications prior 

to admission; other variables had larger percentage missing data as follows: antihypertensive 

medication (16%), diabetic medication (19%), SBP (9%), blood glucose (11%), INR (29%), 

BMI (35%), and serum creatinine (29%). Hospital variables were complete on geographic 

region, PSC, CSC, annual stroke volume, IV tPA volume. Data missing for number of beds, 

teaching status and rural location were ≤2%. Missing data, when small in number, were 

managed using simple imputation methods (medical histories, sex, race), whereas multiple 

imputation was used for other covariates.

All statistical analyses were performed by the Duke Clinical Research Institute using SAS 

software, version 9.4 (SAS Institute, Cary, NC). All p-values are 2-sided, and p<0.05 was 

considered statistically significant.

Results

The baseline characteristics of our study population are shown in Table 1. The two 

populations were generally similar in age and sex, however the patients with HxS+DM had 

higher prevalence of cardiovascular risk factors and all other co-morbidities examined, aside 

from atrial fibrillation and smoking. Median arrival NIHSS was one point higher in the HxS

+DM group (8[5–15] vs 7[4–13]), and pre-admission independent ambulation was slightly 

less frequent in the HxS+DM group. As expected, antiplatelet use was more common in 

those with HxS+DM and arrival serum blood glucose was generally higher in those with 

HxS+DM compared to those with no history of DM or prior stroke.

The unadjusted rates of sICH and in-hospital mortality were 4.26% (HxS+DM) vs. 3.78% 

(without either history) (p=0.31) and 6.2% vs. 5.5% (p=0.20), respectively (Table 2). After 

multivariable logistic regression modeling adjusted for potential confounders, there was no 

statistically significant difference in the rates of sICH (OR 0.79, 95% CI [0.51–1.21], 

p=0.28), or in-hospital mortality (0.77, [0.52–1.14], p=0.19). The adjusted outcomes 

changed directionality, likely due to the higher cardiovascular risk profiles in those with HxS

+DM. The absolute rates of systemic hemorrhage were <1% in each group and, after 

adjustment, patients with HxS+DM were less likely to experience life-threatening systemic 
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hemorrhage (0.82% vs. 0.77%, OR 0.25, [0.10–0.59], p=0.002). There was no difference in 

serious tPA complication rates (7.88% HxS+DM vs. 7.13% without either history, OR 0.76 

[0.55, 1.05], p=0.099). There was a significant difference in discharge disposition, with 

patients with HxS+DM being slightly more likely to discharge to a skilled nursing facility 

(SNF), and less likely to discharge home, but no difference in discharge to inpatient acute 

rehabilitation facilities (IRF) after adjustment. In addition, those with HxS+DM were less 

likely to be able to ambulate independently at discharge (45.94% HxS+DM vs. 57.05% 

without either history, OR 0.77, [0.63–0.93], p=0.006) and less likely to be functionally 

independent, defined as mRS 0–2 (30.94% HxS+DM vs. 44.76% without either history, OR 

0.76, [0.59–0.99], p=0.04).

Discussion

Using a large, contemporary registry of AIS patients we found that a combined history of 

prior stroke and concomitant DM was not associated with increased risk of sICH or death 

when treated with IV tPA in the 3–4.5 hour window, compared with healthier controls being 

treated for ischemic stroke in the same time window. However, patients with HxS+DM were 

less likely to be able to ambulate and function independently at discharge. These results 

endured after risk-adjustment for numerous clinical co-factors and potential confounders.

In a previous study using GWTG-Stroke data, we showed that patients meeting additional 

ECASS-III exclusion criteria for 3–4.5 hour treatment were nonetheless frequently treated 

with tPA, and that tPA-treated patients in this window with HxS+DM had rates of poor 

outcome and sICH that were no different compared with HxS+DM patients treated at 0–3 

hours.20. However, in that paper we did not compare outcomes of patients with HxS+DM 

treated at 3–4.5 hours with other patients treated at 3–4.5 hours. Additionally, our prior 

paper reflected early experience with 3–4.5 treatment in routine clinical practice. This 

analysis, by contrast, compares patients who were treated within the 3–4.5 hour window 

with or without the ECASS-III exclusion of combined history of both prior stroke and DM, 

providing a comparison group with more similar treatment conditions, but more dissimilar 

patient characteristics. It also reflects more contemporary treatment practices and includes a 

much larger sample size.

In our study population, patients with HxS+DM had more severe strokes compared with the 

those without prior stroke and diabetes (median NIHSS 8 vs 7). Further, the HxS+DM group 

was more likely to have had higher presenting serum glucose measurements, which has a 

well established link to poor stroke outcomes12,13,26–28. The HxS+DM patients were also 

shown to have higher rates of almost all measured co-morbidities. In total, the HxS+DM 

group was far more medically complex than the relatively much healthier comparison group. 

Despite this, there was no difference in measured safety outcomes of sICH rates, in-hospital 

mortality, or serious tPA complications. The clinical outcome measure of functional 

independence, as defined by mRS of 0–2, was notably poorer in those with HxS+DM. While 

pre-index-stroke mRS scores were unavailable in the registry, this was not unexpected as 

patients in the HxS+DM group by definition have prior stroke which may have additional 

residual deficits and result in a higher mRS score at discharge.
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Our findings are consistent with several prior observational studies14,15,17–20,29. These 

studies are generally much smaller and several compared ‘on-label’ vs ‘off-label’ usage of 

IV tPA more broadly, not specifically in the 3–4.5h window and with only a small number of 

patients with HxS+DM. All of the referenced studies showed no increased risk of sICH 

amongst those treated off label. Mishra et al.16 specifically examined 1141 patients with 

HxS+DM, using the SITS-ISTR (Safe Implementation of Thrombolysis in Stroke – 

International Stroke Thrombolysis Register) registry for those treated with IV tPA and 

compared with a control group from a separate registry, VISTA (Virtual International Stroke 

Trials Archive). They found outcomes were in fact better in those with history of DM, 

history of stroke, and those with both histories when treated with IV tPA. Additionally, they 

found no interaction on outcome between prior stroke and DM with tPA treatment.

Further, patients with HxS+DM have not been specifically excluded in multiple prospective 

trials of thrombolysis in the 3–4.5 time frame. A 2009 meta-analysis30 of patients treated 

with IV tPA in the 3–4.5 hour window showed increased chance of favorable outcome and 

no significant difference in mortality compared to placebo treated patients in all-comers. No 

sub-population analysis was completed to evaluate specifically those with HxS+DM, though 

only the 821 patients included from ECASS-III (50% of total analysis population) were 

enrolled under the tighter exclusion criteria of that trial. Similarly, the IST3 Clinical Trial31 

in 2013 did not exclude patients with HxS+DM, and showed long-term reduction in 

disability in those treated with IV tPA up to 6 hours from symptom onset.

Our study has limitations. First, despite being the largest nationwide stroke registry in US, 

participation in GWTG-Stroke is voluntary, therefore participating hospitals may not be 

representative of all US hospitals. Second, this was a retrospective observational analysis. 

Though robust attempts were made to control for variables which may introduce 

confounding or bias, unmeasured confounding and treatment selection bias may still exist. 

However, among measured potential confounders, presenting NIHSS and presentation serum 

glucose were higher in the HxS+DM group, which as previously noted, is associated with 

higher rates of sICH. Thus, it could be argued that if selection bias occurred, it is more likely 

to be against the HxS+DM patients’ chance of favorable outcome. Further, sICH was not 

centrally adjudicated and was based on locally interpreted imaging findings for individual 

patients within the database. The images themselves are not available within the GWTG-

Stroke registry for review. Therefore, comparing rates of sICH with other studies is difficult, 

though our overall sICH rate (3.8%) is comparable to rates reported in other non-selected 

populations outside of randomized controlled trials9,32–35. Our data are not sufficient to 

show effectiveness of IV tPA in patients with HxS+DM, because this study is observational. 

Additionally, we were unable to evaluate or report long-term functional outcomes as those 

measures do not exist within the GWTG-Stroke registry. Our study was able to evaluate 

functional status (mRS) at discharge, discharge disposition, and ambulatory status at 

discharge, which have previously been shown to correlate with long-term functional 

outcomes at 90 days.36

In conclusion, among AIS patients treated with intravenous tPA within the 3–4.5 hour 

window, history of prior stroke plus DM was not associated with statistically significant 

increased sICH or mortality risk. These patients were excluded from ECASS-III based on 
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concern for increased risk of sICH or death and potential decreased benefit, therefore a 

reduced benefit/risk ratio. Given the long term benefit to treatment with IV tPA in stroke and 

no evidence of additional harm, it may be reasonable to consider thrombolytic treatment in 

the 3–4.5h window for patients with history of prior stroke and concomitant DM.

Supplementary Material
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Figure 1. 
IV tPA, intravenous tissue plasminogen activator; HxS+DM, History of stroke plus diabetes 

mellitus; DM, Diabetes mellitus. Dashed arrows indicate excluded patients; solid arrows 

indicate included patients.
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Table 1.

Patient Demographic and Clinical Characteristics, And Treating Hospital Characteristics

History of Stroke plus DMN=2129 No History of Stroke or 
DMN=16690 Std diff (%)

Age, median (SD) 69 (12.23) 68 (15.76) 8.63

Female sex, % 50.7 50.04 1.24

Race, %
 Non-Hispanic White
 Non-Hispanic Black
 Hispanic
 Asian
 Other

58.7
23.0
10.2
4.0
4.0

71.7
14.3
6.8
3.0
4.2

29.12

Medical history of:

 Atrial fibrillation, % 16.20 16.54 0.91

 Prior TIA, % 13.76 6.87 22.80

 CAD/MI, % 38.84 17.09 49.95

 Carotid stenosis, % 5.50 1.55 21.55

 PVD, % 7.37 2.52 22.51

 Hypertension, % 87.74 64.21 57.30

 Smoker, % 15.78 20.77 12.94

 Dyslipidemia, % 59.09 34.54 50.77

 Heart Failure, % 14.51 6.43 26.64

 Obesity/overweight, % 21.42 13.21 21.82

 Renal insufficiency, % 9.82 2.83 28.99

NIHSS, median (25–75%) 8 (5–15) 7 (4–13) 18.74

Ambulate independently prior to admission, % 87.13 95.65 34.0

Treatment Characteristics

Arrival via EMS, % 74.61 73.14 3.35

Arrival during ‘off hours’*, % 52.79 51.69 2.21

Onset to door, median (IQR) 131 (95–162) 136 (99–166) 8.10

Door to CT, minutes, median (IQR) 20 (12–32) 19 (11–32) 0.08

Onset to Needle, minutes, median (IQR) 211 (195–236) 214 (195–239) 7.50

Door to Needle, minutes, median (IQR) 80 (56–111) 75 (53–112) 4.72

Antiplatelet use, % 69.82 34.85 74.76

Anticoagulant use, % 7.44 4.15 14.10

Arrival SBP, mmHg, median (IQR) 158 (138–180) 155 (137–176) 9.51

Arrival DBP, mmHg, median (IQR) 84 (72–97) 86 (74–98) 9.04

Arrival Blood Glucose, mg/dL, median (IQR) 160 (121–225) 112 (99–131) 91.80

Hospital Characteristics

Academic/teaching hospital, % 77.40 79.34 4.71

Geographic region
 West
 South
 Midwest
 Northeast

19.49
42.56
18.32
19.63

21.23
37.51
18.83
22.42

10.32

Primary Stroke Center, % 68.06 68.74 1.45
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History of Stroke plus DMN=2129 No History of Stroke or 
DMN=16690 Std diff (%)

Comprehensive Stroke Center, % 6.43 6.18 1.06

Annual ischemic stroke volume, median 243.02 244.18 0.05

Annual IV tPA cases, median 25.56 26.17 3.29

*
Where normal hours defined as 7AM-6PM, Monday-Friday.

TIA, Transient ischemic attack; CAD, coronary artery disease; MI myocardial infarction; PVD, peripheral vascular disease; NIHSS, National 
Institutes of Health Stroke Scale; EMS, Emergency Medical Services; min, minutes; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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