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Introduction: Multimodal MRI may be an effective tool for selecting suitable acute ischaemic stroke patients
for thrombolysis, reducing the risk of haemorrhage. In this study, we demonstrated the usefulness of our
central alerting system to reduce door-to-needle time for thrombolysis following MRI. This system allowed
timely intervention and reduced the rate of symptomatic haemorrhage. Methods: We reviewed the records of
73 patients with hyperacute ischaemic stroke who received intravenous (IV) tissue plasminogen activator
(t-PA) between January 2006 and December 2007 following the adoption of a central stroke alerting system
in our hospital. Results: Of the 73 patients who received IV t-PA, 44 were based on CT and 29 on MRI
findings. The door-to-needle time was 10 minutes longer for the MRI group (49.9±23.2 min) compared to
the CT group (39.6±19.7 min) but it was still within the recommended 60 minutes time frame. On the
other hand, the rate of symptomatic haemorrhage was lower, though insignificantly, in the MRI group (0%)
compared to the CT group (13.6%) (p=0.08). Conclusions: In this study, we demonstrated that the
combination of diagnostic MRI and a central alerting system might reduce the rate of symptomatic
haemorrhage without compromising the door-to-needle time. (Hong Kong j.emerg.med. 2010;17:5-12)
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Introduction

The only widely-accepted way to open up an
obstructed vessel in acute ischaemic stroke patients
is to inject intravenous (IV) tissue plasminogen
activator (t-PA) within 3 hours of the onset of
s ymptoms . 1 , 2 By  r epe r fu s ing  th e  i s cha emi c
penumbra,  this  treatment reduces  neurologic
damage and produces better functional outcomes
at three months post-stroke.3 However, a major
limitation is that t-PA has to be injected within 3
hours of the onset of symptoms. If it is not given
within this time window, it may be ineffective or
the risk of adverse events may outweigh the benefits.

This  t ime restr ict ion means that  only  5% of
ischaemic stroke patients in the United States4-6 and
4% of patients in Korea7 could receive t-PA. There
are many reasons for the low utilisation rate of
t-PA despite its known effectiveness. One of the
major causes of delay is the time taken to exclude
other  d i f fe rent ia l  d iagnoses  us ing  computed
tomography (CT) or magnetic resonance imaging
(MRI).8 As CT is considered less time-consuming
than MRI, American ischaemic stroke guidelines
recommend using CT.8

As about 30 minutes are required to get an image
of MRI, it seems almost impossible to meet the 60
minute door-to-needle time as recommended by the
National Stroke Association (door-to-needle time
refers to the time interval between patient arrival
at the emergency room [ER] and the administration
o f  t -PA) .  A l though  MRI  may  requ i re  more
processing time than CT, it provides very specific
information about the extent of the damaged tissues
a n d  i t s  u s e  m a y  r e d u c e  t h e  f r e q u e n c y  o f

intracerebral haemorrhage (ICH) which is a known
complication of t-PA.9

In this study, we investigated whether it would be
possible to keep the door-to-needle time to less than
60 minutes when using MRI by adopting a simple
"central alerting system" to reduce the processing
time of acute ischaemic stroke patients presenting
to the ER.

Materials and methods

We retrospectively analysed acute ischaemic stroke
patients who presented to the Dong-A University
Hospital Emergency Center and received IV t-PA
between 1st January 2006 and 31st December 2007,
following the adoption of a basic form of central
alerting system called "code RED" (Rescue Emergency
stroke patients in Dong-A University Hospital).

We had two MRI machines in our hospital. When a
patient presented to the Emergency Center within 3
hours of the onset of symptoms suggestive of acute
ischaemic stroke, the patient would be assessed by a
medical practitioner followed by an immediate
broadcast to the entire hospital to notify the neurology
stroke specialist and the three resident medical officers
designated to the stroke service. The stroke team would
immediately gather in the Emergency Center. The
essential tasks of taking necessary blood tests,
organising CT or MRI, getting consent from the
patient or guardian, and injecting t-PA (Actylase®,
Behringer Ingelheim) would be performed rapidly and,
where possible, simultaneously. The patient would be
asked for a simple history and examined neurologically
by the neurology specialist, allowing a National
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Institutes of Health Stroke Scale (NIHSS) score and
modified Rankin Scale (mRS) to be calculated before
transferral for CT or MRI examination, depending on
which modality was available earlier.

The findings of CT or MRI were interpreted by the
neuroradiologist. During MRI examination, if the area
of ischaemic stroke was found to be less than half of
the territory of the middle cerebral artery shown on
diffusion weighted imaging (DWI) and there was no
haemorrhage on the T2 image, we would inject one-
tenth of the planned total dose of t-PA of 0.9 mg/kg
IV, before completing the MR angiogram (MRA).

Intravenous thrombolysis would be performed
≤3 hours according to the National Institute of
Neurological Disorders and Stroke criteria. Any patient
with signs of ICH on MRI and those with large DWI
lesion (more than 50% of the middle cerebral artery
territory) would not be given IV t-PA. Treatment would
be initiated either in the emergency room or in the
stroke unit. The patient would receive t-PA at a dose
of 0.9 mg/kg, 10% as a bolus and the rest by infusion
over one hour. The management after the t-PA infusion
would follow published guidelines.3

A brain CT would be performed immediately after
t-PA treatment to evaluate whether there was ICH or
not. Diffusion MRI and MRA would be used to
determine the size of the ischaemic stroke and whether
the obstructed vessel was reopened within 24 hours

after using t-PA. If there was haemorrhage and the
NIHSS score had increased by ≥4 points, the
haemorrhage would be considered as significant.

We would measure the mRS again 90 days after the
t-PA treatment and a mRS of ≤2 was defined as a
favourable outcome. We defined "time to needle" as
the time interval between the onset of stroke symptoms
and the commencement of t-PA. We defined "door-
to-needle" time as the time interval between the
patient's arrival at the Emergency Center and the start
of t-PA. Both measurements were recorded in minutes.

For statistical analysis, we performed t-test for
continuous variables and Chi square or Fisher's exact
test for categorical variables with p<0.05 considered
as statistically significant.

Results

Between 1st January 2006 and 31st December 2007,
a total of 806 patients presented to the Emergency
Center with the diagnosis of acute ischaemic stroke,
of which 73 patients received IV t-PA. The average
age of these patients was 63.6±11.2 years and the
average time of arrival after the start of symptoms was
85.2±42.4 min. Among the 73 patients, 44 (60.3%)
patients received IV t-PA after CT and 29 (39.7%)
after MRI. The average NIHSS score on arrival was
13.5±4.9 (Table 1).

Table 1. Comparisons of clinical findings between CT and MRI based thrombolysis in acute ischaemic stroke

CT based MRI based P
N=44 N=29

Age (years) 63.7±11.1 63.3±11.6 0.89

Male 30 (68.2%) 18 (62.1%) 0.59

Door-to-needle time (min) 39.6±19.7 49.9±23.2 0.04

Door-to-needle time >60 min 6 (13.6%) 6 (20.7%) 0.43

NIHSS 14.2±5.1 12.4±4.4 0.14

Large artery atherosclerotic infarction 24 (54.5%) 14 (48.3%) 0.60

Recanalization 26 (59.1%) 21 (72.4%) 0.25

Favourable outcome (mRS≤2) 23 (53.3%) 18 (62.1%) 0.41

Symptomatic intracerebral haemorrhage 6 (13.6%) 0 (0%) 0.08
Serum glucose (mmol/dL) 9.3±5.9 7.9±2.4 0.24

mRS=modified Rankin Score; NIHSS=National Institutes of Health Stroke Scale
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Thirty-eight patients had an ischaemic stroke
secondary to atherosclerosis, 27 secondary to cardiac
embolism, 5 patients had a lacunar infarct, and the
reason for the stroke was unknown for 3 patients. The
site of vessel obstruction was the M1 in 34 patients
and M2 in 10 patients. Nine patients had a T-shape
obstruction, 6 patients a tandem-type obstruction,
9 patients a basal artery obstruction, and 5 patients a
lacunar infarct.

The average door-to-needle time between arrival at the
Emergency Center and the use of IV t-PA was 43.7±21.6
min. The door-to-needle time was significantly shorter
in the patient group receiving IV t-PA following CT
(39.6±19.7 min) compared to the MRI group (49.9±23.2
min). There was no significant difference between the
CT and MRI groups in terms of the number of patients
whose door-to-needle time exceeded the time limit of
60 minutes as recommended by the National Stroke
Association (6 in the CT group, 6 in the MRI group;
p=0.43).

No patients in the MRI group had a symptomatic ICH
while 6 patients in the CT group had haemorrhage
(p=0.08). Additionally, at the 90 day assessment, the
outcome was 8.8% better in the MRI group compared
to the CT group, although this finding was not
statistically significant.

The 6 (8.2%) patients who had ICH had a higher
NIHSS score on arrival at the Emergency Center

compared to the 67 patients who did not have
haemorrhage (p=0.00) and all these 6 patients underwent
CT before receiving t-PA (p=0.08) (Table 2).

After using IV t-PA, we would transfer the patient to
the angio-room when a neuro-radiologist would be
available. If the 4-vessel angiography showed a
persistent occlusion (grade 0) or trickle flow (grade 1)
in Thrombolysis in Cerebral Infarction (TICI) grading,
we would perform intra-arterial (IA) thrombolysis.10

Twenty-six such patients had received additional IA
thrombolysis. There was no significant difference in
the number of patients receiving IA t-PA between the
CT and MRI groups.

The obstructed vessel was recanalized in 47 out of 73
(64.4%) patients. At 90 days after IV t-PA, 41 (56.2%)
patients had a favourable outcome which was defined
as a mRS≤2. We compared the patients having
favourable outcome (mRS≤2) with those having poor
outcome (mRS>2) at 90 days after t-PA and found
that older age (p=0.02), higher serum glucose level
(p=0.04), severe neurological deficit at baseline (p=0.00),
and non-recanalized vessels in follow-up MRA (p=0.00)
were factors significantly associated with poor outcome.
The presence of symptomatic ICH was likely to
associate with poor outcome but the association was
not statistically significant (Table 3).

A flow-chart of the case distribution and management
sequence is shown in Figure 1.

Table 2. Comparisons of clinical findings between patients with and without symptomatic brain haemorrhage

No haemorrhage Haemorrhage p

N=67 N=6

Age (years) 63.2±11.0 68.2±14.0 0.30

Male 44 (65.7%) 4 (66.7%) 0.30

Door-to-needle time (min) 44.5±22.0 35.0±14.1 0.31

NIHSS 12.9±4.7 19.7±2.7 0.00

Large artery atherosclerotic infarction 35 (52.2%) 3 (50.0%) 0.23

Recanalization 45 (67.2%) 2 (33.3%) 0.17

Serum glucose (mmol/dL) 8.7±5.0 10.1±5.0 0.5

CT based diagnosis 38 (56.7%) 6 (100%) 0.08

mRS=modified Rankin Score; NIHSS=National Institutes of Health Stroke Scale
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Table 3. Differences of clinical and laboratory findings between patients having favourable outcome (mRS ≤2) and those having

poor outcome (mRS >2) after 90 days

Good (mRS-90, 0-2) Poor (mRS-90, 3-6) p

N=41 N=32

Age 60.9±10.9 67.0±10.8 0.02

Male 30 (73.2 %) 18 (56.3 %) 0.13

Door-to-needle time (min) 43.2±21.1 44.3±22.6 0.84

CT based (Angio CT) 23 (56.1%) 21 (65.6%) 0.41

Serum glucose (mmol/dL) 7.6±2.4 10.2±6.7 0.04

NIHSS 11.5±4.5 15.9±4.4 0.00

Recanalization 40 (97.6%) 7 (21.9%) 0.00

Symptomatic intracerebral haemorrhage 1 (2.4%) 5 (15.6%) 0.08

mRS=modified Rankin Score; NIHSS=National Institutes of Health Stroke Scale

Figure 1. Flow chart of the case distribution and management sequence.

ER=emergency room; ICH=intracerebral haemorrhage; mRS=modified Rankin Score
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Discussion

A central alerting system could produce an average
door-to-needle time of 43 minutes as measured from
the time of arrival at the emergency department of the
patient with a suspected ischaemic stroke to the
commencement of IV t-PA, and this was within 60
minutes as recommended by the National Stroke
Association. Out of a total of 73 patients, only 12 cases
(16.4%) exceeded this recommended door-to-needle
time frame and that was an excellent result. Our
findings suggest that even an elementary central
alerting system can be very helpful in achieving a good
door-to-needle time.

Although the use of MRI would prolong the door-to-
needle time by an average of 10 minutes compared to
the use of CT, the MRI group had a better outcome
during the 90-day assessment (8.8% lower mRS)
though the difference was not statistically significant.
The frequency of severe ICH was 13.6% lower in the
MRI group (p=0.08). These findings suggest that
t-PA treatment based on MRI findings may be a safer
option than those based on CT findings.

A patient who may benefit from t-PA has to face various
obstacles before receiving this needed treatment. One of
the most important barrier is processing delays within
the hospital.8,11 Door-to-needle time is a measure
commonly used in t-PA studies.12,13 However, many
t-PA studies to date have used CT as diagnostic workup
modality rather than MRI because CT can be completed
in only 10 minutes but MRI study may require 30
minutes. To achieve the desirable door-to-needle time,
CT would seem to offer certain advantage over MRI and
it explains why the current guidelines recommend CT as
the standard imaging modality.

However, recent studies have reported some advantages
in using MRI.14-16 MRI diffusion images provide clear
information about the extent of any cerebral infarction
within 10 minutes of the initial manifestation of
symptoms; however a CT examination cannot provide
this information until at least 24 hours after the onset
of the stroke. The size of the stroke has important

implications on the prognosis. A recent study found
that the risk of cerebral haemorrhage was proportional
to the size of the ischaemic stroke. We found that the
rate of severe ICH in patients receiving t-PA was lower
in the MRI group than the CT group. Although there
was no statistical difference in the baseline NIHSS
between the two groups, the CT group had more severe
neurological deficit than the MRI group. This
difference might have led to the difference of ICH rate
observed between the two groups.

We presume that MRI must have excluded most of
the large size infarcts from using IV t-PA because of
its better ability to estimate the real size of ischaemic
lesions within 3 hours compared to CT. So the benefit
of performing MRI before t-PA is more applicable to
patients who have more benign neurological severity.
Using MRI, therefore, may help to select patients
at lower risk of complications for t-PA use. The
unfavourable increase in door-to-needle time created
by using MRI has to be weighed against this potential
benefit.17,18

In our study, we achieved a door-to-needle time of
49.9 min in the MRI group by using a central alerting
system, called "code RED", which has been operated
in our hospital since 2006. Prior to 2006, an acute
ischaemic stroke patient who came to the Emergency
Center would typically be seen by a single doctor who
was responsible for all the patient's care, such as taking
the history, performing the physical examination,
making the provisional diagnosis,  identifying
contraindications to t-PA use, arranging brain imaging,
getting consent from the patient and commencing
treatment. The code RED system allows effective
patient processing by concentrating at least four
ischaemic stroke professionals in the Emergency Center
immediately after a patient is identified as a potential
candidate for t-PA use.

In our study, 6 patients (13.6%) in the MRI group
exceeded the door-to-needle time limit of 60 minutes.
When we analysed the causes of the holdup, however,
we found that they were due to delay in activating the
alerting system rather than delay in securing a MRI.
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Those 12 patients who had exceeded the recommended
door-to-needle time had the problem of failure to
detect the stroke earlier in the Emergency Center. The
fact that there were many patients visiting our ER and
what was worse, that they usually came at the same
time might be the reasons affecting the ER doctors,
confusing the stroke symptoms with other similar
diseases. Very often, the time delay caused by this
failure was longer than that on arranging a MRI
examination. Therefore it seems that improving the
management system is as important as improving the
arrangement of MRI with respect to the reduction of
door-to-needle time.

The rate of severe ICH was significantly higher in the
CT group. In fact, no MRI patients had an ICH, which
suggests that MRI may offer a safety advantage over
CT. Work is being done to investigate on whether the
use of MRI diffusion perfusion images could allow t-PA
to be safely given to patients presenting more than 3
hours after the onset of stroke.14

Acute ischaemic stroke is an important disease and
calls for careful and expedited management in the
emergency room as both morbidity and mortality are
affected by the initial medical attention. In terms of
outcome, the most important treatment is to provide
IV t-PA within 3 hours from the onset of stroke
symptoms. Rapid patient processing is therefore
needed, but techniques for reducing treatment
complications, such as ICH, are also important. Our
findings suggest that MRI can be helpful, provided
that there is a system in place to keep door-to-needle
time within the recommended 60-minute time frame.
The code RED system described here is a simple central
alerting system that is effective in reducing treatment
delay.

Limitations

This  was a  smal l  retrospect ive s tudy with a l l
the biases resulting from that approach. A larger
prospective randomised study is required to validate
the results.

Conclusion

Stroke patients receiving CT investigation before
t-PA has a significantly shorter door-to-needle time
than patients receiving MRI examination. However,
MRI patients may have a lower rate of ICH and are
likely to have a better outcome at 90-day post-stroke.
The use of a central alerting system helps to ensure
that most patients would have a door-to-needle time
within the recommended time frame of 60 minutes.
Delays in detecting stroke patients and activating the
system result in patients not being treated timely.

Acknowledgment

This study was supported by research funds from
Dong-A University.

References

1. Tomsick TA. Intravenous thrombolysis in acute
ischemic stroke. J Vasc Interv Radiol 2004;15(1):S67-
76.

2. Albers GW, Amarenco P, Easton JD, Sacco RL, Teal P.
Antithrombotic and thrombolytic therapy for ischemic
stroke: the Seventh ACCP Conference on Antithrombotic
and Thrombolytic Therapy. Chest 2004;126(3):483S-
512S.

3. The National Institute of Neurological Disorders and
Stroke rt-PA Stroke Study Group. Tissue plasminogen
activator for acute ischemic stroke. N Engl J Med 1995;
333(24):1581-7.

4. Chiu D, Krieger D, Villar-Cordova C, Kasner SE,
Morgenstern LB, Bratina PL, et al. Intravenous tissue
plasminogen activator for acute ischemic stroke.
Feasibility, safety, and efficacy in the first year of clinical
practice. Stroke 1998;29(1):18-22.

5. Smith MA, Doliszny KM, Shahar E, McGovern PG,
Arnett DK, Luepker RV. Delayed hospital arrival for
acute ischemic stroke: the Minnesota Stroke Survey.
Arch Intern Med 1998;129(3):190-6.

6. Katzan IL, Furlan AJ, Lloyd LE, Frank JI, Harper DL,
Hinchey JA, et al. Use of tissue-type plasminogen
activator for acute ischemic stroke. The Cleveland area
experience. JAMA 2000;283(9):1151-8.

7. Yu KH, Bae HJ, Kwon SU, Kang DW, Hong KS, Lee
YS, et al. Analysis of 10,811 cases with acute ischemic
stroke from Korean Stroke Registry: hospital-based
multicenter prospective registration study. J Korean



12 Hong Kong j. emerg. med.  Vol. 17(1)  Jan 2010

Neurol Assoc 2006;24(6):535-43.
8. Morris DL, Rosamond W, Madden K, Schultz C,

Hamilton S. Prehospital and emergency department
delays for acute stroke. The Genentech Stroke
Presentation Survey. Stroke 2000;31(11):2585-90.

9. Adams HP Jr, del Zoppo G, Alberts MJ, Bhatt DL,
Brass L, Furlan A, et al. Guidelines for the early
management of adults with ischemic stroke: a guideline
from the American Heart Association/American Stroke
Association Stroke Council, Clinical Cardiology
Council, Cardiovascular Radiology and Intervention
Council, and the Atherosclerotic Peripheral Vascular
Disease and Quality of Care Outcomes in Research
Interdisciplinary Working Groups: the American
Academy of Neurology affirms the value of this
guideline as an educational tool for neurologists. Stroke
2007;38(5):1655-711.

10. Higashida RT, Furlan AJ, Roberts H, Tomsick T,
Connors B, Barr J, et al. Trial design and reporting
standards for intra-arterial cerebral thrombolysis for
acute ischemic stroke. Stroke 2003;34(8):e109-37.

11. Wester P, Radberg J, Lundgren B, Peltonen M. Factors
associated with delayed admission to hospital and in-
hospital delays in acute stroke and TIA: a prospective
and multicenter study. Seek-Medical-Attention-in-Time
Study Group. Stroke 1999;30(1):40-8.

12. Uyttenboogaart M, Vroomen PC, Stewart RE, De
Keyser J, Luijckx GJ. Safety of routine IV thrombolysis
between 3 and 4.5 h after ischemic stroke. J Neurol Sci

2007;254(1-2):28-32.
13. Cho AH, Sohn SI, Han MK, Lee DH, Kim JS, Choi

CG, e t  a l .  Sa fe ty  and e f f i cacy  of  MRI-based
thrombolysis in unclear-onset stroke. A preliminary
report. Cerebrovasc Dis 2008;25(6):572-9.

14. Kohrmann M, Juittler E, Huttner HB, Nowe T,
Schellinger PD. Acute stroke imaging for thrombolytic
therapy - an update. Cerebrovasc Dis 2007;24(2-3):
161-9.

15. Schellinger PD, Thomalla G, Fiehler J, Kohrmann M,
Molina CA, Neumann-Haefelin T, et al. MRI-based
and CT-based thrombolytic therapy in acute stroke
within and beyond established time windows; an
analysis of 1210 patients. Stroke 2007;38(10):2640-5.

16. Köhrmann M, Jüttler E, Fiebach JB, Huttner HB,
Siebert S, Schwark C, et al. MRI versus CT-based
thrombolysis treatment within and beyond the 3 h time
window after stroke onset: a cohort study. Lancet
Neurol 2006;5(8):661-7.

17. Singer OC, Humpich MC, Fiehler J, Albers GW,
Lansberg MG, Kastrup A, et al. MR Stroke Study Group
Investigators. Risk for symptomatic intracerebral
hemorrhage after thrombolysis assessed by diffusion-
weighted magnetic resonance imaging. Ann Neurol
2008;63(1):52-60.

18. Lansberg MG, Thijs VN, Bammer R, Kemp S, Wijman
CA, Marks MP, et al. DEFUSE Investigators. Risk
factors of symptomatic intracerebral hemorrhage after
tPA therapy for acute stroke. Stroke 2007;38(8):2275-8.


