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INTRODUCTION
Intravenous thrombolysis for the management of acute ischaemic 
stroke is now routine treatment in developed countries and its 
benefit is time-dependent.(1-3) The American Heart Association/
American Stroke Association (AHA/ASA) guidelines for the early 
management of ischaemic stroke(4) have a Class 1 recommendation 
to complete stroke evaluation and administration of thrombolytic 
agent within 60 minutes of arrival at the emergency department 
(ED), and for 80% of these patients to meet this standard.(5) As per 
our hospital’s stroke registry, only 52.3% of acute stroke patients 
in our ED received thrombolysis within 60 minutes of arrival.

This article describes the outcomes of a clinical practice 
improvement project (CPIP) driven by the ED, neurology and 
neuroradiology departments at Tan Tock Seng Hospital (TTSH), 
Singapore. The aim was to create systemic improvements 
to increase the percentage of acute stroke patients receiving 
intravenous recombinant transcriptase-plasminogen activator 
(rtPA) within 60 minutes of arrival at the ED from the existing 
52.3% to 80%. We herein describe the interventions, report on 
the results and discuss challenges faced during the first year of 
the quality improvement project.

METHODS
TTSH is a 1,400-bed tertiary urban hospital that houses the 
National Neuroscience Institute, Singapore. Together, they form 
a major stroke centre in Singapore. The hospital has a dedicated 
neuroimaging suite that operates at all hours. The study was 
set up in two phases – the pre-intervention phase (1  January 
2014–30 June 2015) and intervention phase (1 July 2015–30 June 
2016, the first year of intervention). All ED patients who received 
rtPA for acute ischaemic stroke during this period were included 
in the study. Patients who were transferred from other hospitals 
for thrombolysis were excluded. Data was extracted from the 
Singapore Stroke Registry and ED electronic medical records. 
Data collected included patient demographics, mode of 
presentation, nursing triage acuity, door-to-needle (DTN) time, 
reasons for delay, complications from thrombolysis and mortality. 
DTN time was further subdivided into door-to-physician (DTP) 
time, door-to-imaging (DTI) time and decision time (DT). The 
study was approved by the National Healthcare Group ethics 
review board.

Prior to this project, acute stroke patients were managed 
by the emergency team arbitrarily. The neurology team was 
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activated for acute stroke for patients presenting with symptom 
duration of 3–4.5 hours. The sets of inclusion and exclusion 
criteria applied were not standardised. These patients were 
then reviewed in the resuscitation room before proceeding for 
imaging. Subsequently, once the imaging did not show any 
contraindications to thrombolysis, the family was counselled 
before the drug was administered.

A series of interventions were introduced in our project. 
First, a multidisciplinary stroke team was formed, comprising a 
neurologist, neurology advanced nurse practitioner, emergency 
physician, emergency nurse and neuroradiology nurse. Second, 
the pre-existing work process was reviewed and CPIP methodology 
was applied to analyse, design and implement interventions that 
targeted systemic factors resulting in prolonged DTN times. Within 
the ED, debriefs were held after every thrombolysed patient, and 
feedback was sought from the managing team. The core study 
team then convened every month to discuss patients for whom 
DTN exceeded 60 minutes and to review plan-do-study-act (PDSA) 
cycles. A PDSA cycle is a tool used for quality improvement, where 
the team plans a change, trials it on a small scale, studies the results 
and refines the change based on what was learned from the trial.

The interventions introduced involved: (a) establishment of 
standardised stroke activation guidelines; (b) screening for ‘one-
sided weakness’ at registration; (c) introduction of prehospital 
centralised notification for stroke activation; (d) display of 
multilingual posters at prominent locations in patient care areas; 
(e) rapid neurological assessment and scripting of consent; and 
(f) easy access to equipment for thrombolysis.

A survey of ED doctors and nurses showed that the decision of 
triage to resuscitation and/or stroke activation was arbitrary, with 
a time frame of 3–4.5 hours and application of variable exclusion 
criteria. This ambiguity increased time to stroke activation. We 
decided to standardise the activation criterion to ‘any patient with 
stroke symptoms presenting within five hours of onset’, which 
aligned it with prehospital EMS (Emergency Medical Services) 
criterion. Reminders were broadcast during staff meetings. The 
ED electronic system was programmed to remind staff of the 
activation window upon first contact with relevant patients.

ED administrative personnel screened all patients at 
registration. Screening allowed early identification of time-
sensitive emergencies (e.g.  all patients who screened positive 
for chest pain underwent an electrocardiogram before triage, 
allowing expedient diagnosis of ST-elevation acute myocardial 
infarction). Triage nurses immediately attended to any patients 
who screened positive for one-sided weakness to determine the 
onset of symptoms. Patients with symptom onset within five hours 
were up-triaged to the resuscitation area for stroke activation. 
This screening symptom was selected based on the ease of 
interpretation and translation by non-medically-trained staff 
and patients. Under this intervention, the hospital’s call centre 
would broadcast all prehospital notifications for acute stroke to 
the neurology resident-on-call and neurology advanced nurse 
practitioner. This made it possible to assemble the stroke team 
prior to the patient’s arrival for prehospital standby cases and 
upon the patient’s arrival for non-standby cases.

Posters in the dominant four languages of Singapore’s 
multiethnic society were placed at prominent locations in the 
patient care areas to increase patient awareness of stroke. This was 
in line with a nationwide campaign to increase stroke awareness 
and the importance of prompt treatment.

The consultant neurologist, who was also the head of the 
stroke service, coached all neurology senior residents. These 
sessions were akin to direct observation of procedural skills, where 
the resident was observed during real-life assessment of a stroke 
patient. Residents were also equipped with a script for counselling 
and consent for thrombolysis. Consent for thrombolysis involved 
verbal consent. This was the first known implementation of verbal 
consent for thrombolysis in Singapore. A thrombolysis kit was 
placed in the radiology suite, with instructions and precalculated 
dosages of rtPA according to body weight.

Throughout the study period, staff meetings were held in 
participating departments to educate key players and raise 
awareness of the time-dependent treatment efficacy. The 
aim was to ingrain a Pavlovian sense of urgency in the staff 
towards the management of all acute strokes. At the end of the 
intervention phase, a clinical pathway for the management of 
acute ischaemic stroke with rtPA was designed and put into 
practice. Figs. 1 and 2 show the post-intervention workflow 
for acute stroke.

The primary outcome measure was the percentage of acute 
ischaemic stroke patients receiving rtPA within 60  minutes 
of arrival at the ED. Secondary outcome measures included 
the time periods that made up the total DTN (i.e.  DTP, DTI 
and DT), complication rates and mortality. Target DTP, 
DTI and DT times were ≤ 10  minutes, ≤ 25  minutes and 
≤ 20 minutes, respectively. DTP and DTI times were based on 
AHA/ASA recommendations. Complications included the rates of 
symptomatic intracranial haemorrhage and other haemorrhagic 
complications. Symptomatic intracranial haemorrhage was 
defined as haemorrhage that required reversal agents or 
neurosurgical intervention, or that led to death within 72 hours. 
Qualitative analyses were conducted to determine the reasons 
for delayed thrombolysis in patients who received rtPA during 
the pre-intervention and intervention phases.

Statistical analyses were conducted using IBM SPSS Statistics 
version 24.0 (IBM Corp, Armonk, NY, USA). Categorical data 
was presented as numbers and percentages, while non-normal 
continuous data was presented as medians and interquartile 
ranges (IQRs). Chi-square test was used to compare data, with 
p < 0.05 being considered statistically significant.

RESULTS
A total of 222  patients received rtPA during the entire study 
period: 128 patients received it in the pre-intervention phase and 
94 patients during the intervention phase. The median age of the 
patients was 68.5 (IQR 60–77) years and 147 (66.2%) patients 
were men. Table I shows the patient demographics. Baseline 
characteristics were similar among patients who received rtPA 
during the pre-intervention phase and those who received it 
during the intervention phase.
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Table I. Patient demographics.

Variable No. (%)

Pre-intervention 
phase
(n = 128) 

Intervention 
phase
(n = 94)

Age* (yr) 67 (60–76) 70 (62–79)

Male gender 92 (71.9) 55 (58.5)

Mode of presentation

SCDF (standby) 99 (77.3) 81 (86.2)

SCDF (non-standby) 3 (2.3) 4 (4.3)

Private ambulance 2 (1.6) 0 (0)

Walk-in 24 (18.8) 9 (9.6)

Presentation after 
office hours

73 (57.0) 57 (60.6)

*Data presented as median (interquartile range). SCDF: Singapore Civil Defence 
Force (i.e. Singapore’s emergency medical service)

The percentage of patients who were thrombolysed within 
60 minutes of arrival at the ED increased by 8.3%, from 52.3% in 
the pre-intervention phase to 60.6% in the intervention phase. The 
percentage of patients receiving thrombolysis within 45 minutes 
and 30 minutes of arrival at the ED also increased by 9.9% and 
3.7%, respectively. There was a decrease in median DTN time 
of 4.5  (7.6%) minutes. DTI time decreased by 3.7%, while DT 
decreased by 15.2%. Unfortunately, DTP time increased by 
16.7% (i.e. one minute). To ensure that these interventions did 
not compromise patient safety, variables such as length of stay, 
complication rates and mortality were compared. There were no 
significant differences in symptomatic intracranial haemorrhage 
and mortality between the patient groups. In the pre-intervention 
phase, five patients developed other haemorrhagic complications 
(forehead haematoma, retroperitoneal haematoma, flank 
haematoma, postsurgical wound bleeding and pelvic intramuscular 
haematoma); in the intervention phase, six patients developed other 
haemorrhagic complications (haemoptysis, arachnoid cyst bleed, 
haemorrhage from scalp laceration, gum bleeding, intravenous 
cannula site haematoma, back haematoma and groin haematoma). 
Length of hospital stay was significantly reduced by 1.5 days (p = 
0.048). Table II and Fig. 3 show the outcomes and safety measures.

In the pre-intervention phase, 61  (47.7%) patients did not 
receive thrombolysis within 60  minutes of arrival at the ED. 
The most common reasons for delayed DTN times were failure 
of timely activation by the ED (24.2%) and delays within the 
resuscitation room prior to transfer to neuroimaging (15.6%).

In the intervention phase, 37 (39.4%) patients did not receive 
thrombolysis within 60 minutes of arrival at the ED. The main reason 
for the delay was prolonged decision time (18.9%). Other reasons 
included waiting for magnetic resonance imaging (13.4%), protocol 
deviation (13.4%), delay or change in consent (13.4%), and time 
taken to lower blood pressure to within safety limits for thrombolysis 
(13.4%). Table III shows the reasons for DTN of > 60 minutes.

DISCUSSION
Many studies have shown that application of quality improvement 
processes and a standardised operating procedure has improved 

EMS radios in standby for
acute stroke and relays

patient details
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hospital’s call centre
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ED resuscitation and transport
team prepare for patient’s arrival

Call centre calls NL senior
resident and texts APNs
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PT/PTT, GXM done

NL team assesses patient en route
or in radiology; family counselled;
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Fig. 1 Flowchart shows the resuscitation workflow. APN: advanced practice 
nurse; Cr: creatinine; ED: emergency department; EMS: Emergency Medical 
Services; FBC: full blood count; GXM: group and crossmatch; NL: neurology; 
iSTAT: point-of-care testing iSTAT system; PT/PTT: prothrombin time/partial 
thromboplastin time; RP: renal panel (consisting of electrolyte, urea and 
creatinine levels)

Non-resuscitation workflow
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Fig.  2 Flowchart shows the non-resuscitation workflow. PAC: patient 
acuity care
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DTN timings for acute stroke patients. Interventions can be divided 
into three categories: prehospital, preimaging and postimaging. 
In the prehospital phase, the following interventions have been 
implemented – prehospital notification of stroke team,(6-9) patient 
preregistration in hospital computer systems,(6) conveyance of 
history from the patient or patient’s family via phone to the 
neurologist,(6) insertion of the intravenous cannula in preparation 
for drug administration, and even premixing of rtPA.(6) Upon arrival 

at the hospital, the patient is often transported directly for computed 
tomography (CT) scanning, where the assessment takes place.(6,9,10) 
Many centres have had their CT scanners relocated to the ED.(6) In 
one study, a countdown clock was attached to the patient trolley as 
a visual cue for the team.(11) The traditional laboratory coagulation 
profile was replaced by point-of-care international normalised 
ratio testing.(6,8-10) After non-contrast CT of the brain was performed, 
thrombolysis was administered on-table, provided that there were 
no contraindications.(6-9) Specialised imaging was only performed 
for patients with diagnostic uncertainty or questionable risk-benefit 
ratio.(6,9) In recent years, there have also been studies involving 
prehospital mobile stroke units, which have further reduced the 
onset-to-thrombolysis timing.(12)

During our CPIP, the team created a flowchart of the process 
from patient arrival to ED assessment, imaging and thrombolysis. 
A brainstorming session was held to identify various reasons for 
delays. Reasons were grouped under general headings and an 
Ishikawa diagram was created. Root cause analysis was applied 
and the dominant root causes in the Pareto chart were targeted for 
intervention. Some of our interventions (e.g. standardisation of stroke 
activation guidelines, prehospital centralised stroke activation and 
easy access to equipment) were similar to those in many studies.(6-9)

The addition of a screening question by the registration clerk 
was unique to our hospital. Due to ease of public access to the 
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Fig. 3 Chart (y1-axis) shows the time taken for DTP, DTI, DT and overall DTN 
in the pre-intervention and intervention periods. Chart (y2-axis) shows the 
percentage reduction in DTP, DT, DT and overall DTN in the pre-intervention 
and intervention periods. DT: decision time; DTI: door-to-imaging time; 
DTN: door-to-needle time; DTP: door-to-physician time

Table II. Outcomes and safety measures.

Variable No. (%) p-value

Pre-intervention 
(n = 128) 

Intervention 
(n = 94)

Outcome

Time for thrombolysis (min)

≤ 60 67 (52.3) 57 (60.6) 0.274

≤ 45 20 (15.6) 24 (25.5) 0.088

≤ 30 2 (1.6) 5 (5.3) 0.137

Median time* (min)

DTN 59.0 (50.0–71.3) 54.5 (45.3–71.8) 0.147

DTP 9.0 (5.0–17.0) 10.5 (7.0–16.8) 0.306

DTI 27.0 (20.0–35.0) 26.0 (18.0–35.3) 0.376

DT 33.0 (23.0–40.0) 28.0 (21.0–42.8) 0.366

DTP time ≤ 10 min 76 (59.4) 44 (46.8) 0.077

DTI time ≤ 25 min 54 (42.2) 42 (44.7) 0.784

DT time ≤ 20 min 25 (19.5) 22 (23.4) 0.509

Length of stay* (day) 11.5 (6–34) 10.0 (5–26) 0.048†

Safety measure

All ICH 35 (27.3) 27 (28.7) 0.880

Symptomatic ICH‡ 7 (5.5) 5 (5.3) 0.961

Requiring reversal agent(s) 6 (17.1) 5 (18.5) 0.747

Requiring neurosurgical intervention 2 (5.7) 0 (0) 0.501

Resulting in death 3 (8.6) 4 (14.8) 0.482

Overall mortality 10 (7.8) 12 (12.8) 0.259

Death due to stroke 6 (4.7) 9 (9.6) 0.181

Death due to non-stroke causes¶ 4 (3.1) 3 (3.2) –

*Data presented as median (interquartile range). †p < 0.05 was statistically significant. ‡Requires surgery and/or reversal agents, or directly resulting in death. ¶Other 
causes of death in the pre-intervention phase were pulmonary embolism and pneumonia, while those in the intervention phase were pneumonia and thoracic 
aneurysm. DT: decision time; DTI: door-to-imaging time; DTP: door-to-physician time; ICH: intracranial haemorrhage
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hospital, between 10% and 20% of our patients who received 
thrombolysis were walk-ins. The median triage wait time for our 
patients was approximately ten minutes. Hence, it was imperative 
to reduce the triage wait for such patients. The percentage of walk-
in patients who were potentially eligible for thrombolysis (if any) 
was unclear in previous studies.(6-10) This new intervention could be 
potentially useful for other hospitals with similar patient profiles.

Our results show that the CPIP methodology resulted in a small 
improvement in the percentage of eligible stroke patients who 
received thrombolysis within 60 minutes of arrival at the ED and a 
small reduction in DTN time. However, these improvements were 
not significant. Of note, the DT was reduced by 15.2%. DT is the 
time taken for image interpretation, the neurology resident’s phone 
discussion of the decision for thrombolysis with a neurologist, 
and drug preparation. As thrombolysis is not without its risks, 
we decided that it was prudent for the neurologist to make the 
final decision instead of the neurology resident. The interventions 
targeted at reducing DT were consent scripting and improving 
access to thrombolysis equipment. The former directly impacted 
DT, while the latter was aimed at reducing the time taken to transfer 
the patient to the imaging suite (i.e. DTI time). No intervention 
was targeted at the time for image interpretation. Hence, it was 
likely that the reduction in DT in our study was largely due to the 
scripting of explanation and consent for rtPA into the residents’ 
communications with patients and their families. At the same 
time, the residents gave feedback of increased confidence in 
their interactions with patients and their families in a fast-paced, 

highly stressful situation. Studies have shown that a standardised, 
concise and easily understandable explanation of thrombolysis 
helps the patient to make an informed decision more rapidly 
and confidently.(13) In emergent situations where patients are 
unable to provide informed consent, medical care should be 
rendered according to the patient's best interests. Nevertheless, 
Asian communities are unique in that families are close-knit and 
often participate in the decision-making process. Hence, consent 
scripting is extremely useful when counselling family members 
about treatment. Accepting consent given in a verbal format helped 
to reduce DT, as families could provide consent over the telephone 
instead of being physically present.

As this study only examined the data of patients presenting in 
the first year of intervention, limiting factors included the small 
study size and retrospective analysis of factors leading to delayed 
thrombolysis in the pre-intervention group. As data was collected 
retrospectively, we were unable to define the exact cause of delay 
for the reasons ‘delays within resuscitation room prior to imaging’ 
and ‘ED failed to stroke activate in time’. We spoke to the ED staff to 
gather input and subsequently ran a root cause analysis. The results 
were similar to those by Ford et al(10) and Schrock and Lum.(14) During 
the intervention phase, it is possible that the full potential of these 
interventions was not realised, since the data was collected over a 
period of 12 months. A longer post-intervention study period would 
be necessary to assess for results and sustainability.

There were also a number of interventions that did 
not materialise due to administrative challenges, such as 

Table III. Reasons for DTN > 60 minutes.

Reason* No. (%)

Pre-intervention 
(n = 61)

Intervention 
(n = 37)

Systemic factor

Delays within resuscitation room prior to imaging (unspecified) 20 (32.8) 2 (5.4)

Patient waited for CT imaging 9 (14.8) 1 (2.7)

Patient waited for MR imaging – 5 (13.5)

Multiple non-concurrent scans 2 (3.3) – 

Walk-in patients waited to be triaged 12 (19.7) 4 (10.8)

Insufficient stock of IV rtPA in acute treatment areas (ED/imaging suite) – 2 (5.4)

Staff factor

Prehospital EMS triage error 4 (6.6) –

Nursing triage error 7 (11.5) 2 (5.4)

ED failed to stroke activate in time 31 (50.8) 3 (8.1)

Delay in NL arrival/decision time for intravenous rtPA – 7 (18.9)

NL/ED had other concurrent resuscitations 1 (1.6) 1 (2.7)

Protocol deviation NA 5 (13.5)

Patient factor

Patient required resuscitation 1 (1.6) 2 (5.4)

Delay in consent/change of decision 1 (1.6) 5 (13.5)

Witness/family required to clarify stroke onset 3 (4.9) 2 (5.4)

Time to achieve acceptable blood pressure target 13 (21.3) 5 (13.5)

Clinical difficulty – 2 (5.4)

*More than one factor could contribute to DTN > 60 min for a patient. CT: computed tomography; DTN: door-to-needle time; ED: emergency department; EMS: 
Emergency Medical Services; IV: intravenous; MR: magnetic resonance; NA: not available; NL: neurology; rtPA: recombinant transcriptase-plasminogen activator
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preregistration of patients, prehospital centralised notification for 
the neuroradiologist and radiographer, as well as a direct-to-CT 
protocol. The distance between the ED and the radiology suite 
remained a challenge in our study, as we were unable to make 
changes to the infrastructure to reduce it.

In conclusion, the intervention applied in our exploratory 
effort using the CPIP methodology resulted in a trend of 
improvement of patients’ access to timely thrombolysis following 
acute stroke. However, the results were not significant, and the 
outcomes need to be monitored over the longer term to assess 
their sustainability. Departments need to approach current 
problems with novel approaches to achieve seamless, rapid and 
safe care for acute stroke patients, especially given the time-
dependent nature of treatment efficacy for this group.
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