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Abstract
Objectives: The National Quality Forum recently endorsed a performance measure for time to
intravenous thrombolytic therapy which allows exclusions for circumstances in which fast alteplase
treatment may not be possible. However, the frequency and impact of unavoidable patient reasons for
long door-to-needle time (DNT), such as need for medical stabilization, are largely unknown in clinical
practice. As part of the Hurry Acute Stroke Treatment and Evaluation-2 (HASTE-2) project, we sought to
identify patient and systems reasons associated with longer DNT.

Methods: From June 2012 to June 2013 we collected data on DNT and potential reasons for delays from
102 consecutive patients presenting directly to the emergency department who were treated with
alteplase within 4.5 hours of symptom onset.

Results: Mean age was 71 years, 56/113 (54%) were women, median NIH Stroke Scale score was 13, and
median DNT was 53 minutes. Potential delays were noted in 59/102 (58%), of which 31/102 (31%) were
unavoidable patient-related or eligibility reasons. Median DNT was longer when patient-related or
eligibility reasons for delay were present (60 minutes) than when absent (45 minutes, p = 0.005).
Multivariable modeling showed that need for urgent medical stabilization, presentation with seizure and
inability to confirm eligibility were associated with 35%–50% longer DNT times.

Conclusions: Up to 31% of patients have delays due to medical or eligibility-related causes that may be
legitimate reasons for providing alteplase later than the benchmark time of 60 minutes.
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The effectiveness of intravenous (IV) alteplase is
enhanced when given sooner after ischemic
stroke onset.1,2 To improve acute ischemic stroke

outcomes, there is growing interest in developing and
implementing strategies to reduce the time from emer-
gency department (ED) arrival to administration of alte-
plase (also called door-to-needle time [DNT]).3 American
Stroke Association guidelines and Canadian Stroke Best
Practice Recommendations both recommend rapid
treatment, with a benchmark time of less than 60 min-
utes.4,5 In 2012 the National Quality Forum (NQF)
endorsed a performance measure, time to initiation of
IV thrombolytic, based on the percentage of alteplase-
treated patients with DNTs less than the benchmark of
60 minutes.6 This measure has been implemented in the
American Heart Association (AHA) Get With The
Guidelines program. Accreditation Canada awards
Stroke Distinction for Canadian acute stroke services
based on multiple performance measures including that
more than half of their alteplase-treated patients have
DNT of <60 minutes.7

Previous studies have investigated the relationships
between DNTs and patient demographics, medical his-
tory, and hospital characteristics such as bed size and
acute ischemic stroke volume.8 However, it is likely that
individual patient, eligibility, and systems reasons
related to medical care in ED have a relatively larger
impact on DNT, but have not previously been compre-
hensively studied. For example, there are few data on
how frequently blood pressure must be lowered before
alteplase treatment and no data on the extent to which
blood pressure lowering delays treatment. This informa-
tion would have important implications for determining
the optimal proportion of alteplase-treated patients that
can be treated rapidly. For example, the NQF-endorsed
time to initiation of thrombolytic therapy performance
measure allows patients with patient- or eligibility-
related reasons for prolongation of DNT to >60 minutes
to be excluded from the measure denominator; how-
ever, the actual frequency of these denominator exclu-
sion in routine practice is not known.

We conducted a single center cohort study of consec-
utive ischemic stroke patients treated with alteplase to
determine the frequency and impact of potential rea-
sons for delays in DNT, dividing reasons for delays into
unavoidable factors (patient and eligibility reasons, simi-
lar to the NQF measure definitions) and potentially
avoidable systems factors.

METHODS

Study Design
This study was conducted as part of a local quality
improvement project, Hurry-up Acute Stroke TrEat-
ment-2 (HASTE-2). Overall the project followed the Six
Sigma approach, a quality improvement tool that
focuses on reducing variability of output, in this case
DNT, through a five-step process: defining, measuring,

analyzing, improving, and controlling.9 Here, we
describe a cohort study of consecutive patients treated
with alteplase, designed to identify reasons for avoid-
able and unavoidable delays in DNT. The study was per-
formed with the approval of our institutional review
board. Study subjects or their next of kin provided writ-
ten consent for use of their data as part of quality
improvement efforts.

Study Setting and Population
Eligible patients were those directly arriving to our ED,
at a single academic medical center, who were treated
with alteplase within 4.5 hours of symptom onset. Con-
secutive patients arriving from June 2012 to June 2013
were included; complete case ascertainment was veri-
fied by checking stroke unit admission logs. We
excluded patients transferred from other acute care
hospitals. In our acute stroke protocol, emergency med-
ical services provide prenotification of acute stroke
patients while en route. An ED physician and stroke
neurologist evaluate the patient, and the stroke neurolo-
gist accompanies the patient to CT and makes the final
decision on whether to give alteplase.

Measurements
We collected information on reasons for DTN delays
using a prospectively designed, standardized case
report form. Data sources included the medical record,
a case report form completed by the physicians admin-
istering the tissue plasminogen activator (tPA), and
interview of the treating stroke physician by a stroke
service nurse. During this time there was a focus on
reducing overall DNT as part of the HASTE-2 project,
but the study was conducted prior to publication of the
NQF-endorsed time to IV thrombolytic therapy mea-
sure. We categorized reasons for delay in a similar fash-
ion as in the NQF-endorsed time to initiation of
thrombolytic measure (Table 1), with the addition of a
text field for comments on other types of delays. The
study senior author (EES) adjudicated the delay
reasons.

Data Analysis
Reasons for delays are tabulated along with DNT. For
nonnormally distributed variables we reported median
[25th percentile, 75th percentile] and compared distribu-
tions in different groups using the nonparametric Wil-
coxon rank sum test. Comparisons of proportions were
by Fisher’s exact test. The relationships between DNT,
age, onset-to-arrival time, and NIHSS were tested by
Spearman correlation. Because DNT had a right-skewed
distribution, it was logarithmically transformed it to a
normal distribution before comparing means of the log-
transformed values using two-sample t-tests.10 To iden-
tify significant reasons for delays, we compared log-
transformed DNTs in patients with specific delay rea-
sons (n = 59) to the log-transformed DNTs in patients
with no delays recorded (n = 43). Exponentiation of the
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log-transformed mean gives the geometric mean for
that group, and exponentiation of the 95% confidence
limits for the log-transformed DNT mean difference
gives the 95% confidence limits for the ratios of the
geometric means.10 To show the difference in minutes
associated with each reason for delay, the difference in
geometric means was displayed along with the 95%
confidence limits, determined by applying the confi-
dence limits for the ratios of geometric means to the
geometric mean of the reference group with no DNT
delays recorded. Multivariable linear regression was
performed to identify reasons for delay that were inde-
pendently associated with DNT. Candidate variables
were those associated with DNT in univariate analysis
with p < 0.10. We considered whether age, onset-to-
arrival time, prehospital notification by emergency med-
ical services (EMS), or stroke severity (NIHSS) could
confound relationships between delay reasons and
DNT, but did not include these variables in the models
because they were not associated with DNT in this data
set. DNT was logarithmically transformed to a normal
distribution for modeling purposes, and the model beta
coefficients can be interpreted as the percent increase
in DNT associated with that variable. There was no evi-
dence of unacceptable collinearity in the final model, as
the variance inflation factors were <2.0 for each vari-
able. Statistical analyses were performed using SAS
version 9.3 (SAS Institute).

RESULTS

Characteristics of the 102 consecutive alteplase-treated
patients are shown in Table 2. The overall median DNT
was 53 minutes, and 63/102 (62%) were treated within
60 minutes. The distribution of DNTs is shown in Fig-
ure 1A. Overall, the distribution of DNT was right
skewed, with a minority of patients having a wide range
of long DNTs.

DNT was not related to age (r = 0.08, p = 0.41),
NIHSS (r = �0.001, p = 0.99), onset-to-arrival time

(r = 0.08, p = 0.44), presence versus absence of EMS
prenotification (median = 51 minutes [38, 68 minutes]
vs. 64.5 minutes [46, 86 minutes], p = 0.12), or female
versus male sex (median = 58 minutes [43, 71 minutes]
vs. 49 minutes [35, 73 minutes], p = 0.25).

Potential DNT delays were noted in 59/102 (58%)
patients: 32 had one reason, 16 had two reasons, nine
had three reasons, and two had more than three rea-
sons documented. The median DNT was higher in

Table 2
Cohort Characteristics

Characteristic
With Delays

Noted
Without Delays

Noted p-value

Age (y) 74.4 � 14.1 65.5 � 20.7 0.01
Female sex 37 (63%) 18 (42%) 0.04
NIHSS 14 [9, 18] 11 [8, 19] 0.34
DNT (min) 60 [45, 84] 45 [36, 63] 0.007
Treated within
60 min

31 (72%) 32 (54%) 0.10

Onset to
arrival (min)

71 [51, 105] 70 [51, 96] 0.83

Onset to
treatment (min)

149 [106, 184] 120 [93, 158] 0.04

EMS
prenotification

50 (85%) 36 (84%) 0.99

Continuous values are mean � SD or median [25th, 75th
percentile].
DNT = door-to-needle time; EMS = emergency medical
services.

Table 1
Prospective Categorization of Individual Reasons for Delay

Patient-related Reasons
Medical reasons Required antihypertensive

Seizure
Hypoglycemia
Emergent medical condition

Eligibility reasons Time of onset initially unclear
Initial patient refusal
Initially unable to determine eligibility—
reasons other than time of onset

Hospital and
systems reasons

Need to wait for laboratory values
Delay in obtaining CT
Delay in diagnosis
Delays for technical reasons
Reviewed advanced imaging
(CT angiogram, CT perfusion) prior
to alteplase decision
IV not placed before ED arrival
Delay due to investigational protocol
Delay in patient registration
Equipment delays

Figure 1. Distribution of door-to-needle times for alteplase
administration in all patients (A), patients without delays (B),
and patients with delays (C).
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patients with delays noted than whose without delays
noted and the percentage with DTN < 60 minutes was
nonsignificantly lower (absolute risk difference = 18%,
95% CI = –1% to 37%, p = 0.10; Table 2). DNT his-
tograms in patients with and without delays noted are
shown in Figure 1. After the patients with delays were
removed, DNTs were more normally distributed in the
remaining patients without delays noted, without outly-
ing high values (Figure 1B). By contrast, the patients
with delays noted had a wide range of DNT with some
high outliers (Figure 1C).

Patient-related delays were seen in 31. Compared to
patients with no delays (n = 43), patients with patient-
related delays (n = 31) had longer median DNT (median
61 [49, 100] minutes vs. 45 [36, 63] minutes, p < 0.001),
and fewer were treated within 60 minutes (15/31 vs. 31/
43, risk difference = 24%, 95% CI = 2% to 46%,
p = 0.05). Systems-related delays were noted in 41.
Compared to patients with no delays (n = 43), patients
with systems-related delays (n = 41) had longer median
DNT than patients without delays (n = 43; median = 60
[45, 77] minutes vs. 45 [36, 63] minutes, p = 0.03) but
there was no difference in the proportion of patients
treated within 60 minutes (22/41 vs. 31/43; risk differ-
ence = 18%, 95% CI = �2% to 39%, p = 0.11).

The frequency of individual reasons for delays, as
well as the number of minutes of delay associated with
individual reasons and their 95% confidence limits, are
shown in Table 3. Although most patients had at least
one delay noted (59/102, 58%), each individual delay
was infrequent (Table 3). The most common reason for
delay was the need to treat hypertension (15%), which
was associated with a nonsignificant 11-minute-longer

DNT (p = 0.07). The need for emergent medical stabiliza-
tion and difficulties determining eligibility for alteplase
accounted for long delays. Among systems-related fac-
tors, delay in stroke recognition and diagnosis and need
to review advanced imaging (CT angiogram and CT
perfusion) prior to alteplase decision were associated
with significantly longer DNT in univariate analysis.
However, many perceived delays in systems factors,
such as delays in placing IVs or registering the patient,
were not associated with much delay when compared
to patients without delays recorded.

A multivariable model of reasons for delays is shown
in Table 4. Need for urgent medical stabilization, pre-
sentation with seizure and inability to confirm eligibility
were independently associated with 35%–50% longer
DNT times.

DISCUSSION

In this study, unavoidable patient- and eligibility-related
delays were noted in 31% of acute ischemic stroke
patients treated with alteplase. The fastest DNTs may
not be possible in these patients. Indeed, in this study
these patients had 16-minute-longer DNT and fewer
were treated within the benchmark time of 60 minutes.
Therefore, it seems appropriate to exclude such patients
from the denominator of performance measures for
rapid alteplase treatment, as has been done in the NQF-
endorsed time to IV thrombolytic measure. However,
discriminating patient- and eligibility-related delays
from avoidable hospital-related delays requires clinical
judgment and may be vulnerable to biased interpreta-
tion, particularly when the determination influences

Table 3
Median DNT According to Different Reasons for Delays, With Comparison to Patients Without Delays

No. %
MedianDNT

(min)
Difference in Geometric

Means vs. No Delays(95% CI) (min) p-value

Patient-related reasons 31 30 61 22 (10 to 36) <0.001
Required antihypertensive 14 14 56 11 (�1 to 27) 0.07
Emergent medical condition 7 7 90 34 (14 to 60) <0.001
Unable to determine eligibility—
reasons other than time of onset

7 7 60 29 (10 to 55) 0.002

Seizure 4 4 100 52 (22 to 94) <0.001
Unclear time of onset 3 3 75 26 (2 to 61) 0.03
Initial patient refusal 0 0 — — —
Hypoglycemia 0 0 — — —

Hospital and systems factors 41 40 60 11 (2 to 21) 0.02
Need to wait for laboratory values 10 10 61 10 (�3 to 28) 0.14
Delay in obtaining CT 10 10 54 4 (�6 to 17) 0.48
Delay in diagnosis 9 9 60 21 (5 to 41) 0.007
Delays for technical reasons 8 8 54 5 (�7 to 20) 0.45
Reviewed advanced imaging
(CTA, CTP)prior to alteplase decision

7 7 64 17 (4 to 35) 0.02

IV not placed before ED arrival 7 7 54 8 (�5 to 26) 0.23
Delay due to investigational protocol 6 6 51 3 (�11 to 22) 0.71
Delay in patient registration 6 6 50 1 (�12 to 18) 0.89
Equipment delays 2 2 55 8 (�21 to 67) 0.53

Median DNT is shown for each delay reason, along with the difference in DNT compared to 42 patients with no delays, who had
median DNT of 45 minutes. Differences in geometric means are shown (see Methods for details); the geometric means better
approximate the central tendency of positively skewed data such as DNT. The totals do not add to 102 because some patients
had more than one reason for delays.
CTA = CT angiography; CTP = CT perfusion; DNT = door-to-needle time.
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performance measure eligibility. Our finding that 54%
of patients with unavoidable delays could still be treated
within 60 minutes suggests that good ED care pathways
might mitigate some of the effect of these delays and
still allow some patients to be treated within the bench-
mark 60-minute time.

Patient delays were not predominantly caused by any
specific reason. Instead, a variety of infrequent factors
contributed to delays. After the patients with any delays
were excluded, the distribution of DNT was more nor-
mal without the long right tail of high outlying values
(Figure 1A). In the large Get With The Guidelines reg-
istry, DNT was also nonnormally distributed with a long
right tail. These outlying values likely reflect a minority
of patients with both unavoidable and potentially avoid-
able reasons for delays. These results suggest that the
focus for further shortening DNT should be on improv-
ing multiple hospital and systemic processes that indi-
vidually and cumulatively may be responsible for delays
in alteplase administration.

In this study, we newly identified that a variety of
patient-related reasons account for the longest delays in
DNT, including most prominently the need for emergent
medical stabilization including intubation and ventila-
tion, evaluation and treatment of seizure, and difficulty
with determining eligibility. Previous studies have iden-
tified that older age, female sex, lower stroke severity,
history of diabetes or stroke, earlier arrival time, arrival
off hours, lack of prenotification by EMS of imminent
patient arrival, and hospital inexperience with alteplase
administration are associated with lower likelihood of
providing alteplase within the benchmark DNT
of 60 minutes or less.11,12 Conversely, the presence of
acute ischemic stroke protocols, single call activation
systems and point-of-care international normalized ratio
(INR) testing for patients on warfarin have been associ-
ated with shorter DNT.8,13,14 In this study we failed to
find relationships between DNT and higher stroke
severity, older age, and longer time to presentation,
possibly because our single center already has a single

call activation system, alteplase protocols, and extensive
experience with providing alteplase. These findings sug-
gest that features of the clinical presentation and acute
medical treatment account for larger variation in DNT
than patient age, demographic features, past medical
history, and stroke severity.

Our finding that 58% had patient-related or systems
delays is remarkably similar to a recently published
study from two Dutch hospitals which found that 63%
had delays.15 However, in contrast to that study we
additionally estimated the number of minutes of delay
associated with individual reasons. We found geometric
mean differences of 22 minutes when patient-related
reasons were noted, but only 11 minutes when systems-
related reasons were noted. The most frequent and
most impactful systems delays were seen when there
was a delay in diagnosis of stroke symptoms or the
need to review advanced imaging prior to alteplase
decision. However, neither of these delays remained
significant in multivariable-adjusted analysis.

Systems delays may be reduced or eliminated by
quality improvement. Any delays related to waiting for
laboratory values may be improved, or eliminated alto-
gether, by an effort to ensure regular servicing and
round the clock availability of point-of-care INR testing.
Delay in diagnosis of stroke symptoms and activation of
the stroke team may be multifactorial—ranging from
delay in recognition of stroke symptoms from the point
of first medical contact (EMS or triage nurse) to delay
in referral from the assessing physician. Regular, ongo-
ing education to increase awareness of stroke in the
field (EMS) and in ED would potentially shorten this
delay. Delays related to review of advanced imaging
such as CT angiogram or CT perfusion may be reduced
or eliminated by initiating treatment as soon as the non-
contrast CT scan confirms eligibility and by expediting
post-processing of advanced imaging so that it is more
rapidly available to the stroke team. At our center we
do not rely on interpretation of the images by a consul-
tant radiologist. Instead, the images are reviewed and
interpreted by the stroke neurologist on a console in the
CT control room. We have recently implemented a new
protocol where the alteplase bolus and infusion are
begun immediately after the noncontrast CT, while the
patient is still on the CT table, followed by CT angio-
gram and CT perfusion at the discretion of the treating
physician. In subsequent work we plan to analyze
whether this new protocol eliminates delays due to
advanced imaging. Finally, we note that in some cases
delays to obtain additional imaging may be clinically
appropriate when it is needed to confirm alteplase eligi-
bility—for example, to confirm vascular occlusion or
brain ischemia in clinical situations where the patient
presents with an alternate cause of acute neurological
symptoms such as a seizure.

The differences in DNT related to systems delays
(Table 2) are of similar magnitude to the differences in
DNT associated with best practices for rapid alteplase
administration in a survey of Target:Stroke hospitals.16

In that survey, a combination of 10 best practices would
translate to a 14-minute difference in mean DNT, a dif-
ference that was considered clinically meaningful.17 Our
hospital already incorporated 7 of 10 Target:Stroke best

Table 4
Multivariable-adjusted Model of Reasons for Longer DNT

Variable

Percent
Increase
in DNT 95% CI p-value

Required
antihypertensive

13% �10% to 36% 0.27

Emergent medical
condition

35% 2% to 68% 0.04

Unable to determine
eligibility—reasons
other than time of onset

38% 5% to 71% 0.02

Seizure 50% 8% to 93% 0.02
Unclear time of onset 36% �10% to 82% 0.12
Delay in diagnosis 11% �18% to 40% 0.46
Reviewed advanced
imaging
(CTA, CTP) prior
to alteplase decision

0% �26% to 27% 0.99

CTA = CT angiography; CTP = CT perfusion; DNT = door-
to-needle time.
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practices during the study period, with the exceptions
that point-of-care INR testing was not available at all
times, premixing of alteplase prior to eligibility was not
done, and a straight triage-to-CT protocol was not in
place. Implementing all best practices could have
reduced the systems delays observed in this study.

The AHA Target:Stroke initiative was launched in
2010 in an effort to decrease DNT times for alteplase-eli-
gible patients with a benchmark of 50% patients treated
within 1 hour of arrival to ED. This goal was attained in
2013 and was associated with reduced in-hospital mor-
tality, a higher proportion of patients discharged to
home and reduced symptomatic intracranial hemor-
rhage rate.18 The next question is: how low can we
go?3,19 Our results suggest that 70% of patients do not
have patient-related reasons for delays and certainly
should be treated within the benchmark time of 60 min-
utes or less. For patients without patient-related reasons
for delays, an even lower benchmark time of <45 min-
utes should be considered given that our DNT was
43 minutes in patients without any delays noted. How-
ever, the true floor for DNT is not yet established and
further improvements are possible. A single high-per-
forming center has achieved median DNT of only
20 minutes,20 and their approach has been replicated by
another center that was able to reduce their median
DNT to 25 minutes.21

LIMITATIONS

There were a few limitations to our study. First, the study
is based at a single, comprehensive stroke center where
baseline median DNT has been around 50–60 minutes
since the mid-2000s;22 our findings thus may not reflect
the types of delays or impact of delays in other centers.
Second, our relatively small sample size allows us to
detect only the delays with moderate to large effects,
because each individual reason for delay was infrequent,
and prevented detailed analysis of subgroups of patients
with multiple delay reasons. Larger, multicenter studies
of DNT delays in wide community practice are needed.
Third, prospective information on DNT delays was avail-
able in just less than half of the patients, and thus some
potentially important reasons for delay may have been
missed if they were not recorded in the clinical records.
This observation suggests a need for improved chart doc-
umentation of DNT processes and delays. Fourth, delay
reasons were recorded by physicians after giving tPA;
therefore, they may be subject to recall bias. Future stud-
ies should explore methods for unbiased, contemporane-
ous identification of delays, adding perspectives from
nursing and other hospital staff. Finally, as in other stud-
ies we analyzed variation in DNT in patients treated with
tPA and could not account for delays that excluded
patients from treatment because their time window had
closed; therefore, our study may underestimate the over-
all prevalence and severity of delays.

CONCLUSIONS

Up to 31% of alteplase-treated patients have delays due
to medical or eligibility-related causes that may be

legitimate reasons for providing alteplase later than the
benchmark time of 60 minutes. Stroke centers should
be able to treat at least 70% of alteplase eligible patients
within 1 hour of arrival to the ED. Results from several
single-center door-to-needle time improvement initia-
tives suggest faster median times are possible.20,21 Fur-
ther improvement in door-to-needle time rests on
identifying reasons for existing delays and streamlining
system processes beginning from the point of first med-
ical contact in the field to the time of alteplase adminis-
tration. Additional larger prospective multicenter
studies are needed to provide a more comprehensive
accounting of individual reasons for delays and their
impact on door-to-needle time.

References

1. Lees KR, Bluhmki E, von Kummer R, et al. Time to
treatment with intravenous alteplase and outcome in
stroke: an updated pooled analysis of ECASS,
ATLANTIS, NINDS, and EPITHET trials. Lancet
2010;375:1695–703.

2. Saver JL, Fonarow GC, Smith EE, et al. Time to
treatment with intravenous tissue plasminogen acti-
vator and outcome from acute ischemic stroke.
JAMA 2013;309:2480–8.

3. Smith EE, von Kummer R. Door-to-needle times in
acute ischemic stroke: how low can we go? Neurol-
ogy 2012;79:296–7.

4. Casaubon LK, Boulagner JM, Blacquiere D, et al.
Hyperacute Stroke Care Guidelines, Update 2015.
Int J Stroke 2015;10:924–40.

5. Jauch EC, Saver JL, Adams HP Jr, et al. Guidelines
for the early management of patients with acute
ischemic stroke: a guideline for healthcare profes-
sionals from the American Heart Association/
American Stroke Association. Stroke 2013;44:870–
947.

6. Time to Intravenous Thrombolytic Therapy. National
Quality Forum, 2014. Available at: http://www.quali-
tyforum.org/QPS/1952. Accessed May 23, 2014.

7. Aslanyan S, Fazekas F, Weir CJ, et al. Effect of
blood pressure during the acute period of ischemic
stroke on stroke outcome: a tertiary analysis of the
GAIN International Trial. Stroke 2003;34:2420–5.

8. Desai JA, Smith EE. Prenotification and other fac-
tors involved in rapid tPA administration. Curr
Atheroscler Rep 2013;15:337.

9. DelliFraine JL, Wang Z, McCaughey D, Langabeer
JR 2nd, Erwin CO. The use of six sigma in health
care management: are we using it to its full poten-
tial? Qual Manag Health Care 2013;22:210–23.

10. Bland JM, Altman DG. The use of transformation
when comparing two means. BMJ 1996;312:1153.

11. Fonarow GC, Smith EE, Saver JL, et al. Timeliness
of tissue-type plasminogen activator therapy in
acute ischemic stroke: patient characteristics,
hospital factors, and outcomes associated with
door-to-needle times within 60 minutes. Circulation
2011;123:750–8.

12. Ahmed N, Wahlgren N, Grond M, et al. Implemen-
tation and outcome of thrombolysis with alteplase

398 Choi et al. • STROKE TREATMENT DELAYS

http://www.qualityforum.org/QPS/1952
http://www.qualityforum.org/QPS/1952


3-4.5 h after an acute stroke: an updated analysis
from SITS-ISTR. Lancet Neurol 2010;9:866–74.

13. Tai YJ, Weir L, Hand P, Davis S, Yan B. Does a
‘code stroke’ rapid access protocol decrease door-
to-needle time for thrombolysis? Intern Med J
2012;42:1316–24.

14. Walter S, Kostopoulos P, Haass A, et al. Point-of-
care laboratory halves door-to-therapy-decision
time in acute stroke. Ann Neurol 2011;69:581–6.

15. Van Schaik SM, Scott S, de Lau LM, Van den
Berg-Vos RM, Kruyt ND. Short door-to-needle
times in acute ischemic stroke and prospective iden-
tification of its delaying factors. Cerebrovasc Dis
2015;2015:75–83.

16. Xian Y, Smith EE, Zhao X, et al. Strategies used by
hospitals to improve speed of tissue-type plasmino-
gen activator treatment in acute ischemic stroke.
Stroke 2014;45:1387–95.

17. Ozark SD, Jauch EC. Putting it all together for
best stroke practice, all the time. Stroke 2014;45:
1243–4.

18. Fonarow GC, Zhao X, Smith EE, et al. Door-to-nee-
dle times for tissue plasminogen activator adminis-
tration and clinical outcomes in acute ischemic
stroke before and after a quality improvement initia-
tive. JAMA 2014;311:1632–40.

19. Kamal N, Benavente O, Boyle K, et al. Good is not
good enough: the benchmark stroke door-to-needle
time should be 30 minutes. Can J Neurol Sci
2014;41:694–6.

20. Meretoja A, Strbian D, Mustanoja S, Tatlisumak T,
Lindsberg PJ, Kaste M. Reducing in-hospital delay
to 20 minutes in stroke thrombolysis. Neurology
2012;79:306–13.

21. Meretoja A, Weir L, Ugalde M, et al. Helsinki
model cut stroke thrombolysis delays to 25 minutes
in Melbourne in only 4 months. Neurology 2013;
81:1071–6.

22. Bal S, Menon BK, Demchuk AM, Hill MD. Routine
CT angiography in acute stroke does not delay
thrombolytic therapy. Can J Neurol Sci 2012;39:499–
501.

ACADEMIC EMERGENCY MEDICINE • April 2016, Vol. 23, No. 4 • www.aemj.org 399


