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Abstract In acute ischemic stroke, time is brain. Current
guidelines recommend that the time from arrival at hospital
to initiation of administration of tissue plasminogen activa-
tor, also known as the door-to-needle (DTN) time, should be
60 min or less. However, DTN times in practice usually
exceed this recommended time. The median DTN times
from the American Heart Association/American Stroke As-
sociation Get With The Guidelines-Stroke program and the
multinational Safe Implementation of Treatment in Stroke
International Stroke Thrombolysis Register are 75 min and
65 min, respectively. Prehospital factors associated with
delays include patient-related factors such as poor recogni-
tion of stroke symptoms, poor use of emergency medical
services, and complex psychosocial factors. Accurate rec-
ognition of stroke symptoms at a dispatcher and paramedic
level is associated with shorter onset-to-arrival times.
Prenotification of regional stroke centers by paramedics is
strongly associated with shorter DTN times. In-hospital de-
lays resulting in prolonged DTN times can be attenuated by
having well-defined rapid triage pathways, defined stroke
teams, single-call stroke team activation, established code
stroke protocols, rapid access to diagnostic imaging, and
laboratory services. In this review we summarize factors
associated with prolonged DTN times and processes that
allow faster onset-to-treatment times. Recent developments
in the field are highlighted.
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Introduction

In acute ischemic stroke (AIS), “time is brain” [1, 2]. The
seminal National Institute of Neurological Disorders and
Stroke Tissue Plasminogen Activator Stroke study established
that intravenously administered tissue plasminogen activator
(tPA) improves outcomes in AIS in a time-dependent manner
[3]. The relationship between shorter treatment time and in-
creased efficacy of intravenously administered tPA has been
further clarified in a recent meta-analysis of pooled data from
all the trials [4]. The number needed to treat (NNT) with
intravenously administered tPA to achieve no stroke-related
disability (modified Rankin score 0 or 1) is 4.5 when treatment
is within 1.5 h of the symptoms, 9 when treatment is within
1.5-3 h, and 14 when treatment is within 3—4.5 h [5]. There-
fore, in AIS a delay of 20 min to treatment initiation would
result in the number needed to treat increasing by one patient
[6°°]. The importance of rapid treatment is reflected in national
guidelines for treatment of AIS and the Brain Attack Coalition
recommendations that recommend that the time from arrival at
the emergency department to initiation of intravenous admin-
istration of tPA should be 60 min or less [7-9]. The Brain
Attack Coalition recommends that the goal in AIS is to notify
the stroke team within 15 min of the arrival of the patient at the
emergency department, begin brain imaging within 25 min of
arrival, interpret the CT scan within 45 min of arrival, and
begin administration of tPA within 60 min of arrival [10e°].
Currently, neither North American nor European hospitals
are meeting the recommended 60-min door-to-needle (DTN)
benchmark consistently [11]. The median DTN times from the
American Heart Association (AHA)/American Stroke Asso-
ciation (ASA) Get With The Guidelines-Stroke (GWTG-
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Stroke) program and the multinational Safe Implementation of
Treatment in Stroke International Stroke Thrombolysis Reg-
ister are 75 min and 65 min, respectively [12, 13<]. Despite a
significant increase in the use of tPA following the extension
of the treatment window to 4.5 h, less than a third of patients
receive tPA within 60 min of arrival at stroke centers [13ee, 14,
15]. There remains an urgent need to adopt better strategies to
optimize prehospital and in-hospital systems to achieve
shorter DTN and onset-to-treatment times.

The goals of this review are to highlight the factors that
result in prehospital and in-hospital delays in the treatment of
AIS with intravenously administered tPA (Table 1). Further-
more, we aim to highlight pertinent recent improvements in
processes involved in the systematic delivery of intravenously
administered tPA and enumerate potential future directions
that will allow rapid screening and treatment of AIS patients.

Prehospital Delays

The care of AIS patient begins in the prehospital phase. In a
comprehensive systematic review, Evenson et al. [16] suggest
that this phase accounts for the largest proportion of the delay
in receiving thrombolysis. The study of factors related to
onset-to-arrival (OTA) times has been impeded by the lack
of accurately recorded onset times in up to 50-60 % of cases.
Missing onset times in large stroke registries may reflect lack
of witnesses of the beginning of the event (e.g., the patient is
“found down”), inaccurate history, or incomplete recording of
data in the medical record. Additionally, OTA is defined and
measured differently across studies, making it difficult to
compare findings and to determine the relative importance
of predictors of longer OTA times.

Lack of recognition of stroke symptoms by patients or
eyewitnesses or failure to immediately call appropriate emer-
gency medical services (EMS) for help are frequently causes
of OTA delays. The factors governing help-seeking decisions
are complex. Patient factors such as fear, denial, reticence to
inconvenience EMS, and the desire to contact family members
or friends contribute to OTA delay [17]. Even though most
patients and eyewitness are aware of at least one symptom of
stroke, with unilateral weakness and speech disturbance most
commonly recognized [18¢], less than half of stroke patients
recognize their own symptoms as being caused by stroke,
often attributing their symptoms erroneously to alternative
conditions with consequent delays in activating EMS
[19-21]. When stroke is suspected, there is a tendency for
both patients and eyewitnesses to contact their general practi-
tioner rather than EMS, resulting in increases in OTA times
[18¢]. Education campaigns can be effective in increasing
knowledge of stroke warning signs and reducing OTA times
[22, 23]. However, knowledge of stroke symptoms in patients
and eyewitnesses is not by itself sufficient to influence
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appropriate responses in AIS [24], with there being no direct
correlation between people with the best stroke knowledge
and those with the shortest OTA times [23]. Thus, there exists
a discrepancy between theoretical stroke knowledge and
translating that knowledge into appropriate behavior in an
acute real-world situation. It appears that perceived severity
of symptoms is more associated with help-seeking behavior
than symptom knowledge [23].

Once the patient or family has called 911, accurate stroke
diagnosis by dispatcher services and paramedics at the scene
ensures rapid transport to a stroke center, which is vital to the
delivery of acute stroke therapy and minimization of OTA
delay. Existing dispatcher-level computer algorithms for
stroke diagnosis have varying degrees of sensitivity and pos-
itive predictive values [25, 26]. Newly developed dispatcher
algorithms for stroke emergencies result in improved diagnos-
tic accuracy of dispatchers in identifying strokes [27, 28].
Currently, there is an ongoing prospective study evaluating
the diagnostic accuracy of a new dispatcher-level stroke
screening tool adapted from the Cincinnati Prehospital Stroke
Scale [29]. However, the accuracy of dispatcher screening
tools is moderate at best, so paramedics need to be educated
to appropriately diagnose suspected stroke, otherwise missed
diagnoses will lead to OTA delays. Accurate paramedic stroke
recognition is associated with shorter OTA times [30]. The
HoPSTO study demonstrated that a multilevel education pro-
gram improved paramedic diagnostic accuracy, resulting in an
increase in the proportion of patients presenting for stroke
evaluation within a 3-h window [31]. Validated scales for
EMS diagnosis of stroke include the Los Angeles Prehospital
Stroke Screen [32] and the Cincinnati Prehospital Stroke Scale
[33]. In large urban centers, prehospital protocols for para-
medics that allow transport of suspected AIS patients directly
to designated stroke centers result in reduced OTA times and
significantly improve treatment rates with intravenously ad-
ministered tPA [34]. The AHA and ASA recommend the
establishment of regionalized stroke systems of care that
include rapid dispatch and EMS transport of suspected AIS
patients to capable hospitals for immediate treatment [35].

In the large nationwide GWTG-Stroke program, shorter
OTA times were seen in patients who were transported to
hospital by EMS [36+]. EMS-transported patients were
more likely to be Caucasian, older, and have a history of
coronary artery disease and atrial fibrillation. The South
London Stroke Register data identified black ethnicity, liv-
ing alone, and nighttime stroke onset as associated with
increased OTA times [37¢]. Furthermore, several studies
report that use of EMS [36°¢, 37+, 38—40], higher stroke
severity, and daytime onset are related to shorter OTA times
[36¢, 37+, 38]. Other factors associated with OTA less than
3 h include presentation to an academic hospital, weekday
onset during regular working hours, awakening with defi-
cits, and an altered level of consciousness [36°, 38, 39].
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Table 1 Strategies to reduce stroke onset to treatment times

Strategy

Explanation

References

Targeted education campaigns

Developing and effective use of
dispatcher and paramedic stroke
recognition algorithms

Transport to stroke center by EMS

Establishment of regionalized stroke
systems of care

Prenotification of hospitals by EMS

Rapid triage protocol and code stroke
systems

Single-call or all-points alarm
activation systems

Rapid acquisition and interpretation
of brain images (radiologist or
stroke physician)

Rapid laboratory testing (including
point-of-care testing if indicated)

Rapid access to intravenously
administered tPA

Novel strategies
Direct to imaging

Mobile stroke units

Lack of recognition of stroke symptoms by patients or eyewitnesses or failure
to immediately call appropriate EMS for help are frequently causes of onset
to hospital arrival delays. Education campaigns can be effective in increasing
knowledge of stroke warning signs and reducing symptom onset to EMS
activation and transport times

Accurate paramedic and dispatcher recognition of stroke symptoms is
associated with shorter onset to hospital arrival, and improved paramedic
diagnostic accuracy results in an increase in the proportion of patients
presenting for stroke evaluation within a 3-h window

Arrival by EMS (rather than by private transport) is associated with shorter
onset-to-arrival, door-to-imaging, and door-to-needle times. Education
campaigns should strongly emphasize calling EMS directly as opposed to
relatives or general practitioners when stroke is suspected

Prehospital protocols for paramedics that allow transport of suspected AIS
patients directly to designated stroke centers result in reduced onset to
hospital arrival times and significantly improve treatment rates with
intravenously administered tPA

Advance notice of the arrival of an acute stroke patient by EMS can shorten
the time needed to mobilize resources and acquire and interpret images, and
improve the timeliness of treatment with thrombolysis

Rapid triage protocols and code stroke systems lead to the timely recognition
of patients with acute stroke and reduce door-to-needle times. Designated
acute stroke teams enhance stroke care and should be activated as soon as
the acute stroke patient is identified and result in shorter door-to-imaging and
imaging-to-thrombolysis times

A single call should activate the entire stroke team. An all-points alarm is one
where a single call to the central page operator results in simultaneous
activation of pages of the entire stroke team, including notification of the
diagnostic imaging department

Brain imaging should be performed no later than 25 min after arrival of the
patient at the hospital, with interpretation completed no later than 45 min
after arrival. Interpretation of images by the stroke physician prior to
initiation of administration of tPA without confirmation by a radiologist
appears safe and reduces door-to-needle times

Only when indicated to confirm suspicion of underlying coagulopathy,
laboratory tests such as platelet count and INR/PTT should be available for
interpretation no later than 45 min after arrival of the patient at the hospital.
Waiting for the results of tests of platelet counts, PT, or PTT prior to
initiation of administration of tPA is not necessary unless the patient is
taking anticoagulants or there is a suspicion of a coagulopathy. Point-of-care
INR testing can result in substantial reductions in door-to-needle times

tPA should be readily available in the areas where acute stroke patients are
likely to be treated. Dosing charts, standardized order sets, and personnel
familiar with the administration of thrombolytics can minimize delays in
the timely and safe administration of intravenously administered tPA

Taking a history directly from EMS while the patient is en route and
bypassing the emergency department and transporting the patient directly
to the CT suite has resulted in dramatic reductions in door-to-needle times
in single-center studies

Mobile stroke units, with a CT scanner installed in the ambulance, are feasible
and have been deployed. The PHANTOMS-S pilot study reported that
prehospital care in a mobile stroke unit was feasible and safe with onset to
tPA administration times of less than 90 min achievable in 48 % of patients

[17, 18+, 19-23]

[27-31]

[18e, 34, 35, 36°e,

37e, 38, 63]

[32-34]

[7, 39-41, 42¢]

[49-55]

[56, 57]

[10, 59¢]

[58, 60e, 61, 62]

[33]

[65%, 66]

[70-73]

AIS acute ischemic stroke, EMS emergency medical services, PT prothrombin time, P77 partial thromboplastin time, P4 tissue

plasminogen activator

Despite our increasing understanding of factors that result in
protracted OTA times, the proportion of early-arriving pa-
tients with AIS has stagnated, with no overall change from

2003 to 2009 in the GWTG-Stroke registry [36+¢]. Renewed
efforts may be needed to better educate the public to imme-
diately call 911 when stroke symptoms occur.
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Prenotification of hospitals by EMS has been shown to
reduce in-hospital delays, the time to assemble the stroke
team, lengths of stay, and mortality. Prenotification also
increased the proportion of patients treated with intrave-
nously administered tPA, CT completion rates, and CT scan
interpretation rates [41, 42¢, 43¢¢]. The AHA/ASA, the
Brain Attack Coalition, the National Association of EMS
Physicians and the National Association of State EMS Di-
rectors, and European Stroke Organization guidelines all
endorse the practice of EMS prenotification in stroke centers
[7, 44-46]. However prenotification rates are suboptimal,
with prenotification in only 66 % of AIS patients in GWTG-
Stroke; there were wide disparities between hospitals and
geographic regions [47¢¢]. The same study identified black
race as being associated with lower prenotification rates.
Higher rates of prenotification were seen in patients
transported to hospitals that did not have an academic affil-
iation, hospitals with higher intravenously administered tPA
volume, and in geographic regions outside northeastern
USA. Hospital prenotification by EMS allows a smooth
transition between prehospital and in-hospital care of the
AIS patient and is essential for achieving reductions in onset
to tPA administration times.

In-Hospital Delays

A problem with early arrival, with longer time left within the
treatment window, is that there is a well-documented asso-
ciation between longer time remaining to treat and longer
DTN time. This inverse relationship between earlier arrival
of the patient with AIS at the emergency department and
longer DTN times was first reported in the STARS study
[48]. Since that report multiple studies have confirmed the
tendency of treating physicians to delay initiation of throm-
bolysis owing to the perception that there is sufficient time
prior to the expiration of the thrombolysis window [13ee, 49,
50]. In the GWTG-Stroke database, patients arriving in the
golden hour, within 1 h of onset of stroke symptoms, re-
ceived thrombolysis more frequently than those arriving
more than 60 min from the time when they were last seen
as normal; however, the recommended DTN time of less
than 60 min was only achieved in 18 % of eligible patients
[50]. Application of standardized and diligently monitored
thrombolysis protocols performed by specialized stroke
teams can mitigate this effect [51]. Other groups with
prolonged DTN times include older patients with particular-
ly high or low scores on the National Institutes of Health
Stoke Scale, possibly due to physician uncertainty regarding
the beneficial effects of tPA in this patient population [49],
Conversely, greater stroke severity in younger patients in-
creases the odds of receiving thrombolysis within the
recommended 60-min time window [49, 50].
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In-hospital logistics of imaging acquisition, obtaining
and processing blood, and the clinical history and examina-
tion components contribute to the DTN times. In addition to
the appropriate use of EMS as outlined already, the devel-
opment of stroke code systems and acute stroke teams that
can be activated by EMS, community hospitals, or emer-
gency departments of stroke centers has been shown to
reduce DTN times [52-56]. Implementation of stroke code
systems is associated with a 20 % relative reduction in DTN
times, 18 % relative reduction in door-to-imaging (DTI)
time, and increased tPA use without compromising safety
[57]. Activation of the stroke code is most effective at
reducing DTN times when the code activates not only neurol-
ogists or stroke specialists, but also other multidisciplinary
team members, including EMS, the emergency department,
the radiology department, and the nursing staff [55]. Single-
call systems or an all-points alarm to activate all stroke team
members and a formalized acute stroke triage pathway have
been shown to shorten DTN times [58, 59¢]. Additionally,
patients arriving directly at designated stroke centers as op-
posed to community hospitals and those centers with a greater
annual volume of tPA-treated stroke patients have shorter
DTN times [13ee, 54].

Inappropriate investigations, such as chest radiographs
and nonessential blood tests, performed during the
hyperacute management of AIS patients can adversely im-
pact DTN times. Waiting for results of platelet counts,
prothrombin time, or partial thromboplastin times prior to
initiation of administration of tPA is not necessary unless the
patient is taking anticoagulants or there is a suspicion of a
coagulopathy [60ee]. Interpretation of images by the stroke
physician prior to initiation of administration tPA without
confirmation from a radiologist appears safe and reduces
DTN times [61]. When international normalized ratio (INR)
testing is necessary, point-of-care laboratory testing has
been proposed to reduce DTN times [62, 63]. For patients
taking warfarin, reductions of up to 50 % in the time it takes
to make a decision to initiate thrombolysis are possible
when using point-of-care testing compared with routine
laboratory testing [64].

The processes surrounding image acquisition and inter-
pretation constitute a large proportion of the DTN time. In
GWTG-Stroke, age greater than 70 years, female gender,
nonwhite race, history of diabetes, peripheral vascular dis-
ease, prosthetic heart valve, arrival more than 60 min after
symptom onset, and arrival by private transport (rather than
by EMS) was associated with an increase in DTI times
[65¢¢]. For most patients hyperacute imaging is not
performed within the recommended 25-min DTI time win-
dow. Patients with severe neurologic deficits are more likely
to have shorter DTI times [65¢¢]. Interestingly, patients who
have longer OTA times also have longer DTI times,
compounding the delay to thrombolysis [66]. The addition
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of advanced imaging, i.e., angiography and perfusion imag-
ing prior to thrombolysis, may double the in-hospital delay
for patients when compared with patients who only receive
a noncontrast head CT scan [6°¢]. Once a decision to ad-
minister tPA has been made by excluding contraindications
such as intracranial hemorrhage, unavailability of a drug in
the treatment location or unavailability of personnel quali-
fied to administer it can result in further delays and should
be avoided [35].

Implementing Processes To Improve Door-to-Needle
Times

When Toyota’s lean manufacturing principles and value
stream analysis is applied to acute stroke care, significant
reductions in onset-to-treatment times have been noted
[67¢¢]. In one analysis, routing patients directly for a head
CT scan before they go to the patient room, using parallel
workflow processes, and implementing point-of-care testing
resulted in a 21-min reduction in DTN times and an absolute
increase of 26 % in the number of patients being treated
within the recommend 60-min window from arrival at hos-
pital [67¢¢]. The improved DTN times and concomitant in-
creases in the rates of patients treated early with
thrombolysis did not come at the expense of an increase in
hemorrhage rates. A strikingly low median DTN time of
20 min was achieved in Helsinki by implementing multiple
concurrent strategies, including education of dispatch per-
sonnel and EMS; effective hospital prenotification; taking a
history as the patient is en route; computerized order entry;
transport directly to the CT suite; relocating the stroke team
and intravenous administration of tPA while the patient is in
the CT scanner; and point-of care-testing [6e¢, 68]. Improve-
ment in DTN times in the aforementioned study did not
have an associated significant financial cost.

Most of the studies examining preintervention and
postintervention effects with OTA or DTN times as an
outcome are nonrandomized single-center prospective co-
hort studies with small sample sizes or large-registry-driven
retrospective analyses without a control arm [1, 6ee, 13ee,
14, 17, 27, 31, 34, 36¢°e, 37+, 41, 55, 57, 58, 59¢, 61, 67°].
Table 1 summarizes the interventions most commonly used
to reduce DTN times. Although these studies provide valu-
able insights into the factors that result in prolonged or
shortened onset-to-treatment times and strategies that im-
prove the timeliness of thrombolysis, they have several
limitations. Small sample sizes and lack of randomization
or control groups make it challenging to know if the
intervention-related improved process times translate to im-
proved patient outcomes or result in unintended deleterious
effects. Nonetheless, currently there are no data to suggest
that shorter DTN times are associated with increased risk of

tPA-related complications such as symptomatic intracranial
hemorrhage [13¢¢]. Many studies used historical controls;
however, in the absence of concurrent controls, secular
trends cannot be entirely separated from the intervention
applied and the protocol implemented. The Hawthorne ef-
fect [69], in which study participants change their behavior
because they are aware that they are being observed, must
be considered when interpreting such studies. In large reg-
istries and retrospective analyses, missing data often result
in exclusion of some proportion of patients, and it is unclear
how this impacts the interpretation of results.

The AHA/ASA Target: Stroke initiative is a national
quality improvement program designed to facilitate imple-
mentation of best practices for rapid, safe delivery of throm-
bolysis [10e]. The goal is to speed treatment so that at least
50 % of tPA-treated patients receive tPA within 60 min or
less of arrival at hospital. A detailed Target: Stroke tool
kit—including protocols, order sets, algorithms, time
trackers, and other materials to assist physicians and
hospitals—is freely available online at http://
www.targetstroke.org.

New Paradigms for Improving Stroke Onset
to tPA Administration Times: The Dawn
of Point-of-Emergency Thrombolysis

Prehospital and in-hospital delays in AIS care lead to delayed
treatment with intravenously administered tPA or an inability
to administer the therapy because time has run out. It is
estimated that in the USA only 1.8-3.0 % of all ischemic
stroke patients are treated with intravenously administered
tPA [70, 71]. To allow rapid screening and diagnosis of AIS
and reduce prehospital and in-hospital delays, mobile
telestroke units, with a CT scanner installed in the ambulance,
are feasible and have been deployed [72, 73]. The strategy of
diagnosis and treatment of AIS at the emergency site, rather
than after arrival at the hospital, is showing promise. Walter et
al. [74++] demonstrated that prehospital stroke treatment is safe
and results in a median difference of 41 min from alarm to
therapy decision. More recently, the PHANTOM-S pilot study
reported similar results suggesting that prehospital care in a
mobile stroke unit was feasible and safe with onset to tPA
administration times of less than 90 min achievable in 48 % of
patients [75¢¢]. This radical approach of taking the hospital to
the patient is in its infancy but shows promise to substantially
increase the rates of intravenous administration of tPA and
dramatically reduce prehospital and in-hospital delays. How-
ever, it remains to be seen if this approach is sustainable, cost-
effective, and feasible outside urban centers. Another chal-
lenge is the difficulty in accurately identifying thrombolysis-
eligible stroke at dispatch, leading to frequent false-positive
activations of the mobile stroke unit for acute stroke mimics.
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Conclusions

The exquisite sensitivity of the brain to ischemia necessi-
tates prompt diagnosis and rapid initiation of treatment in
AIS patients. Despite several education campaigns and in-
creasing general awareness of stroke, there has been no
overall national change in the proportion of patients arriving
in early tPA treatment windows. A combination of patient
and prehospital care factors is responsible for longer OTA
times. This highlights the need for reevaluating current
patient and EMS education models with a view to creating
interventions that not only improve knowledge but also
translate into meaningful changes in patient and provider
behaviors. Currently in the USA, Canada, and Europe less
that 30 % of eligible AIS patients are treated within the
recommended 60 min from arrival at hospital [13ee, 14, 15].
From 2003 to 2009 there was little change—Iless than 10 %
improvement—in the proportion of patients treated within
60 min of arrival at hospital [13+¢]. The AHA/ASA Target:
Stroke initiative (http:/www.targetstroke.org) provides guid-
ance on enacting strategies to reduce DTN times. Additional-
ly, several single-center studies have highlighted processes
that improve DTN times, most notably bypassing the emer-
gency department to transport patients directly to the CT suite,
application of Toyota's lean manufacturing principles and
value stream analysis to identify inefficiencies in patient flow
at an institutional level, and point-of-care INR testing. How-
ever, these data are largely from single-center studies, neces-
sitating a multicenter approach to understand factors
responsible for in-hospital delays and to study the effects of
newly implemented strategies on a system level.
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