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A B S T R A C T

Objective: Ischemic strokes cause significant morbidity and mortality. Treatment with tissue plasminogen acti-
vator (tPA) is an important step to achieve reperfusion and minimize neuronal loss for those patients that
qualify. Multiple studies have shown that there is a direct correlation between the timeliness of tPA adminis-
tration after infarction has begun and improved health outcomes. Hospital process related barriers to tPA ad-
ministration increase the time from the onset of stroke to treatment, leading to worse outcomes.
Patients and methods: This retrospective review from a single stroke center looked at stroke patients across three
years (July 2014–May 2017) and examined the temporal delay to treatment that potentially stemmed from the
fact that tPA was given after transfer from the radiology suite (post-CT scan) back to the emergency department.
This order of events is commonplace in stroke centers across the US.
Results: Our results indicate there is a significant 26minute delay with the commonly used protocol where tPA is
given, not in the CT scanner, but rather after the scan when patients return to the emergency room.
Conclusion: Our results imply that a change in the protocol (direct administration of tPA in the radiology suite)
could improve health outcomes by decreasing the delay in tPA administration.

1. Introduction

A mainstay in the treatment of ischemic strokes is administration of
intravenous alteplase (tissue plasminogen activator, tPA). In multiple
studies, the effect of tPA on long term outcomes (90 days) was found to
be dependent on the time between the onset of symptoms and tPA
administration or onset-to-treatment (OTT). According to multiple
clinical trials, tPA administered within 3 to 4.5 h of stroke symptoms
provides a significant benefit [1]. Furthermore, a multicenter retro-
spective stroke study involving 58,353 patients confirmed results of
previous clinical trials, revealing that faster OTT in 15min increments
was associated with reduced in-hospital mortality, reduced sympto-
matic intracerebral hemorrhage, and increased achievement of in-
dependent ambulation at discharge [2]. The time to treatment was the
single most important factor determining outcome when controlling for
other factors. Thus, decreasing the time from admission to treatment is
imperative as small differences in time can reduce patient morbidity

and mortality [2].
Currently, the standard of care at this hospital's center for patients

suffering from suspected stroke presenting in the ED is to get an initial
CT scan to rule contraindications to tPA administration. Following this,
eligible patients are transferred back to the ED from the radiology suite
for the administration of intravenous tPA. The geographic distance
between the radiology suite and ED serves as a structural barrier for the
timely administration of tPA. In this study, we performed a retro-
spective analysis to determine the temporal gap between head CT and
tPA administration and its potential significance. We hypothesize that
there is a significant temporal gap associated with this current standard
of care.

2. Materials and methods

A retrospective review of patient hospital records from a single
primary stroke center was conducted from July 2014 to May 2017. This
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review was a quality improvement project that did not require IRB
approval. Inclusion criteria for this study comprised of all patients that
presented with an acute ischemic stroke and received both a non-con-
trast head CT and IV tPA. This produced a pool of 71 patients. Exclusion
criteria included incomplete records or treatment with tPA without the
declaration of a stroke code. This reduced the patient number to 64. The
data was also examined for outliers, which were clinically defined as
data points that were abnormally large for a variety of reasons. This
included extended clinical decision making with family, aggressive
hypertension management, delays in procuring hospital records, un-
clear history, and concomitant medical diagnostics/treatment needed.
The removal of these outliers reduced the patient number to 41.

From this raw data, “Door to tPA Time,” “Door to CT Initiation
Time,” and “Door to CT Results Time” data was generated. These were
the initial variables from which the final variables would be calculated.
Descriptive statistics were performed on these variables.

A calculation of the difference between “Door to CT Initiation Time”
and “Door to tPA Time” produced the first metric: “Potential Time
Saved 1” (PTS1). A similar calculation of differences between “Door to
CT Results Time” and “Door to tPA Time” resulted in the second metric:
“Potential Time Saved 2” (PTS2). Descriptive statistics were performed
on each variable as well.

The ultimate question to ask was whether the two variables PTS1
and PTS2 were significantly different from zero, which is the value we
chose for our ideal time to be saved. To do this, we first performed the
D'Agostino and Pearson normality test to see if our data was normally
distributed. Both variables passed the test, indicating that they were
normally distributed. Therefore, to answer our question, a one sample t-
test was used on both variables utilizing a theoretical mean of zero.
GraphPad Prism 7 for Mac OS X Version 7.0b was used to perform all
quantitative analyses.

3. Results

Mean “Door to CT Initiation Time” was 13.66min. Mean “Door to
CT Results Time” was 25.20min. Mean “Door to tPA Time” was
51.27min.

The metric PTS1 had 41 unique data points with a median of
37min, mean of 37.61min, standard deviation of 11.77min, and a
range from 12 to 61min (Fig. 1). The variable PTS2 had 40 unique data
points (due to missing data from 1 patient) with a median of 24.5 min,
mean of 25.95min, standard deviation of 12.79min, and a range from 3
to 51min (Fig. 2).

Both PTS1 and PTS2 individually had mean values that were sig-
nificantly different from zero, and the corresponding two-tailed p-va-
lues were each<0.0001. Significance was set using an alpha value of
0.05.

4. Discussion

The consequences of cerebrovascular events are large, both on an
individual patient level as well as a financial burden on the health care
system [3–5]. There are over 1 million stroke survivors in the US alone,
60% of which are disabled on some level, requiring high levels of care
and an inability to work [3,4]. The costs associated with stroke are
immense – as many patients require intense medical care including
hospital visits, placement in skilled nursing facilities, and outpatient
visits. TPA remains the most effective treatment for acute strokes, the
benefits of tPA administration and its improvement on health outcomes
has been well documented [6–8]. However, there is a time limit asso-
ciated with the effectiveness of tPA. Research shows improved health
outcomes are directly correlated to faster administration of tPA, with
the benefits of therapy steeply declining after 270min [9,10].

The management of acute ischemic stroke involves multiple steps
which can delay administration of appropriate treatment. Great strides
have been implemented to streamline this process and provide faster
door-to-needle (DTN) time in an effort to improve clinical outcomes,
but there continues to be a number of barriers in administering treat-
ment in a timely manner.

One large multi-center study has shown that 50% of patients are
treated within 60min of arrival at the hospital. Thirty one percent of
patients received treatment after 60min of arrival had a documented
reason for delay. Two causes of delay included the inability to de-
termine eligibility and in-hospital delay which together made up 15%
of reasons for delay in treatment. These two causes produced the
longest delay in DTN time (approximately 35min) compared to the
patients who were treated within the first 60 min. The above two rea-
sons for delay in treatment were associated with a significant increase
in risk of symptomatic intracranial hemorrhage as well as a significant
decrease in independent ambulation at discharge [11]. Hospital-related
measures to decrease DTN would improve health outcomes and would
increase the percentage of stroke patients who are eligible to receive
tPA.

Other hospital barriers include stressful working conditions, limited
time, and delayed communications between the ED and other treating
departments [12,13]. Fassbender, K. et al. showed that approximately
5% of stroke patients are actually treated with tPA, and the average
time of administration exceeds 2 h, which has been shown to lead to
worse outcomes [14]. Once patients reach the hospital, the median DTN
time for tPA administration exceeds 60min within US EDs [15]. The
reason for this long delay before life-altering therapy can be adminis-
tered is multifocal, and includes the time it takes to register, evaluate,
and image potential stroke patients [12]. Previous attempts at lowering
the delay in tPA administration have shown some success, as proven by
a decrease in mortality. One such example made changes including EMS
notifying EDs in advance that a potential stroke victim was en route toFig. 1. Frequency distribution of potential time saved using the metric PTS1.

Fig. 2. Frequency distribution of potential time saved using the metric PTS2.
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their hospital and an emphasis on rapidly imaging and interpreting the
imaging tests ordered [16]. Data showed that with a decrease in the
DTN time, along with it came a decrease in mortality, improving health
outcomes.

Although the aforementioned barriers are likely to exist in any
hospital setting, at this study's particular hospital center, a particular
structural barrier was already identified: the geographical distance
between the ED and the CT scan room. The motivation of this study was
to look and see if this identified structural barrier was associated with a
temporal gap to tPA administration.

We found that there is a temporal gap for patients with ischemic
stroke patients who receive IV tPA at our institution and this temporal
gap is significant statistically. It is also important to stress that this gap
is significant using either measure PTS1 or PTS2, which highlights the
robustness of the results. Also, as expected, the gap is larger for PTS1
(mean of 38.02min) compared to PTS2 (mean of 26.56min) because of
how the variables are defined: PTS1 uses CT initiation while PTS2 uses
CT results.

Since we know that a temporal gap exists, the next step would be to
identify strategies to reduce it. An obvious solution would be to address
the identified structural barrier of geographic distance by administering
IV tPA directly in the CT room right after CT results. This would sig-
nificantly cut down the OTT thereby increasing the number of patients
eligible to receive tPA while improving the effectiveness of this life-
altering therapy.

The HASTE (Hurry Acute Stroke Treatment and Evaluation) project,
a prospective cohort study of stroke patients, developed a multiphase
DTN time quality improvement approach to provide faster stroke
treatment and improve patient outcomes. The project implemented a
STAT stroke protocol to pre-notify the stroke team of incoming stroke
patients, transport patients to the CT scanner on EMS stretchers, ad-
minister tPA at the CT scanner, and register patients as unknown to
allow for immediate order entry. Data from 350 patients was analyzed
via multivariable regression yielding a 32% decrease in DTN time when
tPA was administered in the CT scanner (95% confidence interval [CI]
38%–55%) [17].

The Administration of tPA while patients are getting head CT scans
has been suggested by numerous tPA stroke trials as it would decrease
the OTT time and improve health outcomes, thus advocating for this
adjustment to be made in EDs across the US would have a significant
positive impact on stroke-related health outcomes [18,19]. It should be
noted that the proposal to administer tPA in the CT suite does not ac-
count for diminished quality of care of other patients due to scanning
delays.

Studies have shown that administration of tPA within 60min of
stroke onset, or the “golden hour” significantly improves health out-
comes [14]. PTS1 and PTS2 support the statement that administering
tPA while patients are getting head CT scans would decrease OTT and
contribute towards initiating treatment within that golden hour time
frame. Only 1–8% of stroke patients actually receive tPA due to delays
in treatment, and this change is one of the largest ways hospitals can
directly decrease OTT times [14].

Other interventions included premixing of tPA for high-likelihood
candidates, a thrombolysis tackle box with necessary equipment and
medication for acute delivery, and a multidisciplinary stroke team-
based approach [17]. These interventions not only improved patient
outcomes overall, but also did not increase rates of complications due to
inappropriate patient selection [20]. It is important to acknowledge
that other structural changes outside of the hospital's control could also
be beneficial in lowering the OTT. Shortening the time between the
onset of a stroke and the administration of tPA may be effective through
pre-hospital measures (ie patient education, knowing the symptoms of
stroke, calling 911 quickly, EMS techniques) [21].

However, perhaps the best way hospitals and stroke centers can
directly decrease this time is by decreasing DTN through administration
of tPA in the CT scan room.

One of the limitations of this study is due to the way that PTS1 is
defined. PTS1 uses difference in time between CT initiation and tPA
administration, and a significant portion of this metric incorporates a
temporal delay inherent to the CT diagnostic process itself, which is
something that is difficult to reduce and not the focus of this study.
Therefore, setting a goal for this metric as zero for the test of sig-
nificance may not be the best strategy. Further studies will look into
doing a significance test for this metric using a clinically chosen target
time for how long the CT diagnostic process lasts. Despite this, the fact
that PTS2, the metric that uses CT results, is significant is the more
valuable result because the target time for it should truly be zero.
Lastly, the crucial piece of evidence that connects both the identified
structural barrier and the associated significant temporal gap will also
be provided with future studies when this barrier will be removed and
PTS2 will be measured again to see if the gap still exists and if it is
significant.

5. Summary/conclusion

To date, tPA has proven to be an effective treatment for ischemic
strokes that is extremely time sensitive. At our hospital, we found a
temporal gap resulting from a geographic barrier to timely tPA ad-
ministration, and the temporal gap proved to be significant. The tem-
poral gap will likely be reduced by removal of this geographic barrier
through administration of tPA in the radiology suite. Eliminating this
structural barrier could decrease the OTT and potentially improve
health outcomes.
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