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ABSTRACT

Objectives: 

The purpose of this project was to assess appropriateness of alteplase (tPA) 

administration in patients undergoing magnetic resonance imaging (MRI) at Banner-University 

Medical Center Tucson (BUMC-T) and identify interruptions in therapy that could have been 

prevented.

Methods: 

This descriptive quality improvement project evaluated retrospective data from the 

electronic health records at BUMC-T. Data was collected from patient charts using Epic. The 

data collection form included items based on demographics, tPA, symptoms and severity, 

utilization of computerized tomography, MRI, interventional radiology (IR), and complications. 

Wilcoxon Rank-sum test was used to compare the door-to-needle times if patients did or did not 

receive an MRI. Fisher’s exact test was used to compare the proportion of patients with 

interruption of infusion with or without emergent MRI (P<0.050).

Main Results: 

Ninety-six patients received tPA for acute ischemic stroke with 13 having an interruption 

in infusion. Reasons documented were placed into 4 categories: MRI related, blood pressure 

related, adverse reactions related to tPA, or other.  Four of 13 interruptions were related to an 

emergent MRI.  This was not statistically significant (p>0.050). The remainder were not 

preventable as tPA was discontinued because of an adverse event. Patients that received an MRI 

received tPA faster than those patients who did not receive an MRI (48 minutes versus 63 

minutes, respectively) (P=0.006). 
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Conclusions: 

Alteplase interruptions did not occur more frequently in patients who received MRI.  

However, all preventable interruptions were due to MRI. Alteplase administration logistics 

should be optimized to minimize any preventable interruptions in therapy.
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INTRODUCTION

Acute ischemic stroke (AIS) is an acute occlusion of an intracranial vessel that causes 

reduction in blood flow to the brain region it supplies.1 AIS claims an estimated 200,000 deaths 

in the United States and is the leading cause of disability among adults.2 Intravenous 

thrombolytic treatment with alteplase, initiated within 3-4.5 hours after the onset of symptoms is 

the only medication therapy available for AIS. The American Heart Association/American 

Stroke Association (AHA/ASA) recommends the delivery of thrombolytic therapy within 60 

minutes of arrival to the emergent department.3 Since early stroke treatment leads to better 

clinical outcomes in earlier studies, time-to-treatment has been recognized as an important factor 

in achieving good clinical results after thrombolysis.1,4

To exclude hemorrhagic stroke, brain imaging is vital and the necessary first step in the 

process of tPA delivery. Door-to-imaging with computerized tomography (CT) screening or MRI

are approved for AIS patients.3 The time from hospital arrival to brain imaging is thought to be a 

main driver of door-to-needle (DTN) time. Benefits of intravenous tPA in AIS are time 

dependent, however the extent to which hospitals are using strategies to improve a more rapid 

DTN have not been well studied.1 While there is improvement in door-to-imaging time (DIT), 

the DTN for intravenous administration varies widely in the United States and remain 

suboptimal.1,4,5

 At BUMC-T a head CT scan is required prior to tPA administration to exclude hemorrhagic 

stroke. An MRI may be conducted emergently to determine the need for neurological 

intervention in some circumstances. The purpose of this quality improvement project was to 

determine the extent to which an emergent MRI affects tPA administration in the emergency 

department at BUMC-T. 
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METHODS

Design This quality improvement project used a retrospective cohort design. This project 

was approved by Banner-University Medical Center Tucson. 

Subjects Patients included in the study must have been 18 years or older and received 

alteplase for AIS at BUMC-T from January 2014 to January 2017. Patients that did not receive 

tPA or used tPA for indications other than AIS, like pulmonary embolism or myocardial 

infarction were excluded. 

Measures A data collection form was created on REDCap which included the following 

items: 3 on demographics, 8 on tPA use and dosing, 1 on symptom onset, 1 on ED admission, 5 

on utilization of computerized tomography, MRI, or interventional radiology, 2 on complications

of tPA, 2 on scores of the severity of stroke, see appendices for data collection form. The 

dependent variables measured were the times of tPA infusion and the time the patient received 

the tPA from arrival to the ED. 

Data collection A list of patients that used tPA during the inclusion period was provided

by the advisor through a secured server through SharePoint.  Data was collected from patient

charts using the Epic electronic medical record system from BUMC-T. Patient names were de-

identified by assigning a record number for each patient and then entered into a secured online

data collection tool, REDCap. 

    Data analysis The Wilcoxon Rank-Sum test was used to compare median DTN times (in

minutes of interquartile ranges) in patients who did or did not receive an emergent MRI. Fisher’s

exact test was used to analyze patients with and without interruption in infusion and with or

without  emergent  MRI. Descriptive  data  such  as  National  Institutes  of  Health  Stroke  Scale

(NIHSS)  scores  pre-and  post-TPA  administration  was  analyzed  using  means  and  standard
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deviations. 

RESULTS

The summary of characteristics of the patients are shown in Table 1. A total of 96 

patients were included in this project, 51 males and 45 females. The patients had an average age 

of 67 years ± 18 with an average weight 82 kg ± 17. The average amount of tPA dosed for each 

patient was 72 mg ± 13. Eight patients received a partial dose of tPA. From the 8 patients that 

received a partial dose, 4 of those patients had documentation on Epic of how much was wasted. 

The recorded amount wasted ranged from 14 to 31.7 mg. 

The NIHSS score was evaluated for 95 patients prior to administration of tPA. At the 50th

percentile, the patients had a score of 9. Status post tPA administration, NIHSS at the 50th 

percentile dramatically decreased to 2. However, this data was based off 86 patients, as not all 

patients had records of their score post tPA due to either death, transport to another hospital, or 

other complications not tPA related. 

The median time from symptom onset was 59 minutes. The median time from emergency

department (ED) admit to computerized tomography (CT) was 10 minutes. The median time 

from admit to the emergency department to tPA infusion was 61.5 minutes. The median duration

of tPA infusion was 61 minutes. 

Nine percent of patients received an antihypertensive agent prior to tPA infusion. These 

included labetalol or nicardipine. Seven percent of patients required an antihypertensive agent 

during infusion. 
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 Fourteen percent of patients required an MRI scan, which was defined as having a 

recorded MRI time occurring before the documented tPA stop time in the electronic medical 

record on Epic. 

Twenty-two percent of patients received emergent IR. Emergent IR was defined as 

having a recorded IR time within 6 hours from admit time to the ED. Of the 96 patients, 13 

patients had their tPA infusions interrupted. From these patients, the reasons for interruption 

were documented and placed into the categories below:

1. MRI related

2. Blood pressure related

3. Adverse reactions related to tPA (eg, hematoma, headache, bleeding)

4. Other 

Of the 13 patients, most of the interruptions were due to adverse effects from tPA (4%). 

These were reported as headache, hematoma, bleeding, and pain. The 2 patients categorized as 

“other” as an explanation for tPA interruption was due to a change of reported symptom onset, 

disqualifying the patient from receiving tPA per the institution’s protocol, and the second patient 

was due to concern for sepsis with septic embolism and elevated risk of hemorrhage. 

The duration of infusion for the patients experiencing interrupted tPA infusion was 36 

minutes at 25th percentile, 61 minutes at 50th percentile, and 71 minutes at 75th percentile. The 

major differences in duration of infusion could be due to stopping the tPA because of ADE or 

discontinuing and then continuing the tPA infusion for an MRI.

Complications looked at using tPA for AIS were intracranial hemorrhage and death 

occurring in 15% and 9% of the patients, respectively.
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Four of 13 patients who had a documented tPA interruption had an emergent MRI (31%) 

and 9 of 13 patients who had a documented tPA interruption did not have an emergent MRI 

(69%), (P >0.050) using Fisher’s exact test. These proportions were not statistically significant.

Patients that received an MRI received tPA faster than those patients who did not receive 

an MRI. This result was statistically significant using Wilcoxon Rank-Sum (Mann-Whitney U) 

test. 

DISCUSSION

The primary finding of this quality improvement project was emergent MRI did not 

affect alteplase infusion, as the results were not statistically significant. However, there were still

four cases where there was an interruption due to infusion giving this project clinical 

significance. 

Other findings of this quality improvement project were patients receiving an MRI 

received tPA faster than those who received a CT alone prior to infusion. Patients receiving an 

MRI received thrombolytic therapy 15 minutes faster at the 50th percentile. This result was 

similar compared to a study by Yoo et al. that showed faster DTN times with patients receiving 

an MRI than those with an MRI and a CT. We concluded that our patients receiving an MRI may

have had more severe symptoms leading to rapid decision making by the medical team. 

There were several limitations to this quality improvement project. First, this project only

looked at a single site which resulted in a small sample of participants. Therefore, they are not 

generalizable to other institutions. The information collected was based on completeness and 

assumption of accuracy of the electronic health record. Thus, some of the data was not able to be 

extracted from the charts.  Further studies looking into the involvement of a pharmacist could be 
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beneficial to see how the presence or absence of a pharmacist could affect time-to-treatment and 

preventable interruptions. 

CONCLUSIONS

Overall, emergent MRI did not delay the administration of tPA. MRI patients received 

tPA faster, which may be related to the characteristics of the patients. However, all preventable 

interruptions of tPA were related to emergent MRI (4 of 13 patients). 

This quality improvement project suggests that there are preventable tPA administration 

interruptions when MRI is utilized.  Institutions should evaluate processes to minimize the 

potential for drug interruption when such imaging is used during drug infusion. 



Group Number 55; 1) Jonis Q. Munoz 2) Dana M. Reyes                  Page  10

REFERENCES

1. Ying Xian, Eric E. Smith, Xin Zhao, Eric D. Peterson, DaiWai M. Olson, Adrian F. 

Hernandez, Deepak L. Bhatt, Jeffrey L. Saver, Lee H. Schwamm, Gregg C. Fonarow. 

“Strategies used by Hospitals to improve Speed of Tissue-type Plasminogen Activator 

Treatment in Acute Ischemic Stroke.” Stroke 45 (2014): 1387-1395. Web. 

2. Smith WS, Johnston S, Hemphill J. Cerebrovascular Disease. In: Kasper D, Fauci A, 

Hauser S, Longo D, Jameson J, Loscalzo J. eds. Harrison’s Principles of Internal 

Medicine, 19e New York, NY: McGraw-Hill; 2014. 

http://accessmedicine.mhmedical.com.ezproxy2.library.arizona.edu/content.aspx?

bookid=1130&sectionid=79766261. Accessed March 28, 2017. 

3. American Heart Association/American Stroke Association. (2013). Guidelines for the 

early management of patients with acute ischemic stroke. Retrieved from 

http://stroke.ahajournals.org/content/strokeaha/44/3/870.full.pdf.  

4. Kori Sauser, Deborah A. Levine, Adrienne V. Nickles, et al. “Hospital variation in 

Thrombolysis Times Among Patients with Acute Ischemic Stroke- the contributions of 

Door-to-Imaging Time and Imaging-to-Needle Time.” Jama Neurol. (2014): 1144-1161. 

Web. 

5. Yoo, Sung-Hee, Sun U. Kwon, Deok-Hee Lee, Sang-Joon Kim, Jong S. Kim, and Dong-

Wha Kang. "Comparison between MRI Screening and CT-plus-MRI Screening for 

Thrombolysis within 3h of Ischemic Stroke." Journal of the Neurological Sciences 294.1-

2 (2010): 119-23. Web.

6. Lees KR, Bluhmki E, von Kummer R, Brott TG, Toni D, Grotta JC, Albers GW, Kaste 

M, Marler JR, Hamilton SA, Tilley BC, Davis SM, Donnan GA, Hacke W; ECASS, 

http://stroke.ahajournals.org/content/strokeaha/44/3/870.full.pdf
http://accessmedicine.mhmedical.com.ezproxy2.library.arizona.edu/content.aspx?bookid=1130&sectionid=79766261
http://accessmedicine.mhmedical.com.ezproxy2.library.arizona.edu/content.aspx?bookid=1130&sectionid=79766261


Group Number 55; 1) Jonis Q. Munoz 2) Dana M. Reyes                  Page  11

ATLANTIS NINDDS and EPITETH rt-PA Study Group, Allen K, Mau J, Meier D, del 

Zoppo G, De Silva DA, Butcher KS, Parsons MW, Barber PA, Levi C, Blandin C, 

Byrnes G. “Time to treatment with intravenous alteplase and outcome in stroke: an 

updated pooled analysis of ECASS, ATLANTIS, NINDS, and EPITHET trials.” The 

Lancet. 375.9727 (2010): 1695-1703. Web.

7. Nighoghossian, N., M. Hermier, P. Adeleine, L. Derex, J.f. Dugor, F. Philippeau, H. 

Ylmaz, J. Honnorat, P. Dardel, Y. Berthezene, J.c. Froment, and P. Trouillas. "Baseline 

Magnetic Resonance Imaging Parameters and Stroke Outcome in Patients Treated by 

Intravenous Tissue Plasminogen Activator." Stroke 34.2 (2003): 458-63. Web.

8. Fiebach, J.b., P.d. Schellinger, O. Jansen, M. Meyer, P. Wilde, J. Bender, P. Schramm, E.

Juttler, J. Oehler, M. Hartmann, S. Hahnel, M. Knauth, W. Hacke, and K. Sartor. "CT 

and Diffusion-Weighted MR Imaging in Randomized Order: Diffusion-Weighted 

Imaging Results in Higher Accuracy and Lower Interrater Variability in the Diagnosis of 

Hyperacute Ischemic Stroke." Stroke 33.9 (2002): 2206-210. Web.

9. National Hospital Ambulatory Medical Care Survey: 2013 Emergency Department 

Summary Tables. (2016). Retrieved March 30, 2017, from  

https://www.cdc.gov/nchs/data/ahcd/nhamcs_emergency/2013_ed_web_tables.pdf

https://www.cdc.gov/nchs/data/ahcd/nhamcs_emergency/2013_ed_web_tables.pdf
https://www.cdc.gov/nchs/data/ahcd/nhamcs_emergency/2013_ed_web_tables.pdf


Group Number 55; 1) Jonis Q. Munoz 2) Dana M. Reyes                  Page  12

Table 1. Summary Statistics
Variable Mean Standard deviation
Age (years) 67 18
Weight (kg) 82 17
Dose 72 13
 Mean Percent (%)
Sex (male) 51 53
Sex (female) 45 47
 Number Percent (%)
Patients with partial dose of alteplase (N=95) 8 8
Patients  that  received  antihypertensive  agent  prior  to
alteplase infusion, N=96

9 9

Patients  that  received  antihypertensive  agent  during
alteplase infusion, N=96

7 7

Patients  that  received  emergent  interventional
radiology, N=96

21 22

Number of patients with alteplase interrupted, N=96 13 14

Number of patients with reason for interruption, N=13

MRI related
Blood pressure related

ADE from alteplase
Other

 
 
4
1
6
2

 
 
30
7.7
46.2
15.4

Number of patients with complications due to alteplase,
N=96

Intracranial hemorrhage
Death

 
 
14
9

 
 
15
9

 Median IQR
NIHSS (prior to alteplase) 9 6-16
NIHSS (s/p alteplase) 2 0-6
Time from symptom onset to door 58 34.5-98.5
Time from door to computerized tomography (min) 10 4-16

Time from door to needle (min) 61.5 48-72.5
Duration of alteplase infusion (min) 61 60-62.5
Duration of alteplase infusion if interrupted (min) 61 36-71
 Range  
Amount of alteplase wasted (mg) 14-31.7  
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Table 2. Summary of patients with and without interruption in infusion and with and without
emergent MRI

 No emergent MRI Emergent MRI Totals
No interruption 74 9 83

Interruption 13 4 13
Totals 83 13 96

P-value: 0.073
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Table 3. Summary of door to needle times (min) in interquartile ranges if patient did or did not
receive an MRI for Wilcoxon Ran-Sum (Mann-Whitney U) test
 N 25th percentile 50th percentile 75th percentile
No MRI 83 52 min 63 min 77 min
MRI 13 36 min 48 min 56 min
Total 96 48 61.5 72.5

Z=2.742
Prob > |z| =0.006
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APPENDICES
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