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SUSTAINING THE GAINS & LESSONS LEARNT

1. Streamline the workflow for emergency Cardiac patients to provide timelier and   
adequate assessments to reduce avoidable admissions and length of stay for 

Cardiac chest pain patients. 
2. Ensure that patients receive evidence-based care by initiating MPI tests early in 

EMD

The proportion of patients presented with chest pain was the top diagnosis at 
Accidental and Emergency (A & E) department. Disposition of these patients in 
Extended Diagnostic Treatment Unit (EDTU) and General Wards per month was 101 

and 80 respectively. The average length of stay (ALOS) in EDTU as 24 hours at 95th

percentile and 19.3 hours at 50th percentile. The ALOS in General Wards as 6.6 days 

at 95th percentile and 2.8 days at 50th percentile.
ECG and blood tests were administered on patients during their stay in EDTU, if non-
diagnostic, it does not serve as sufficient discriminators for optimal decision making 

for A & E Physicians. Thus it is important to improve the ability to triage patients with 
acute coronary syndrome (ACS) more rapidly and accurately for optimal 
management of patients in A & E. The Value Stream Map for chest pain patients 

admitted to A & E before the improvement was as follow:

The approaches which were adopted to streamline the workflow for emergency 
Cardiac patients were as follows:

CURRENT VALUE STREAM MAP

EDTU VSM

Inpatient MPI VSM

• 3 sets of Tropinin & ECG (every 6-8 hrs)

• Treadmill test on the next day
• Discharged around 1pm

DOWNTIME (8 WASTES)
Defects • Repeated history (triage, QAT, primary doctor) taken from patient

• Order Chest X-ray prior to consult

Overproduction • ACS + ECG X 3 sets

• Admit after long EDTU stay

Waiting • Waiting for available treadmill slots in EDTU

• Waiting for Medical Officer (MO) to order X-ray & blood tests after QAT
• Waiting for porter to fetch patient
• Waiting for MIBI report
• No shows  or late turn up for appointments

• Waiting for blood to be taken
• Waiting for blood to be dispatched

Not using staff talent • Nurses have to wheel patients to Diagnostic Cardiac Lab (DCL)

Transportation • Porter wheeling patient round and round to find a parking space
• Moving of ECG machines

Inventory • Batching of blood specimen
• ACS blood to lab
• Batching of reports

Motion • Nurses walking around looking for porter
• Ambulance enter, walking around to get assistance

• Too congested for movement  - have to detour to move

Excessive processing • EMD fax to request appointment
• Trying to contact Nuclear Lab or DCL to change appointments
• EDTU kept calling for Treadmill appointment

Waste Walk in EMD, EDTU, 
Nuclear Lab & DCL

PATIENTS’ EXPERIENCE
Nuclear Lab & Diagnostic Cardiac Lab EMD & EDTU

Positive Negative Positive Negative

Nil • Family members were very 

anxious

• Will I die from a heart attack in 
the meanwhile I wait for 

appointment and report?

• Informative updates given

• Staff know what they are doing

• Overall satisfied with the service 

at EDTU

• Staff is stressful at EMD P2A

• Patient felt tests were poorly 

coordinated

• Patient cannot sleep at night, 

not happy waiting too long for   

treadmill

• How long do I have to wait?

• Little privacy for patients at P2A

• My appointment is at 10am but I 

have yet to be seen by the 

technician at 11.15am. Why?
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Paradigm Breaking Exercise
Paradigms Shift?

1 Why do Nurses trace treadmill report hourly? � Patients/NOK in EDTU were anxious to know the 
outcome and therefore kept chasing the nurses for it.  

� Patient education brochures can be provided to manage 

their expectation

2 Why blood taking is done by Doctors or Phlebotomists 
only after many hours after consult in EMD?

� Re-design the workflow to bring forward the blood taking 
procedure which was done after X-ray  to be done by 
Quick Assessment Team (QAT).

3 Why chest X-Ray form must be printed? � It can be addressed in the long run. It will be   

incorporated in C-Doc.

4 Why chest X-Ray can only be ordered by Doctors? �Access by Senior Doctor is required

5 Why MIBI appointment are only obtained by Clerks in 
Funct ional Imaging Centre (FIC)?

� There will be 1 ring-fenced slot for EMD. Nuclear Lab will 
provide a dedicated mobile phone for MIBI appt 
requests.

6 Why must injection of tracer be done at FIC? � Procedure can be done in EDTU setting. Nuclear Lab
have cleared with Safet y Officer.

7 Why there is no dedicated Health Care A ttendant (HCA)
in EMD to assist in feeding and bed pan duties?

Carpark item for EMD follow-up (beyond RIE  scope)

8 Why must 3 sets of ECG and Cardiac Enzymes be done 

on Chest  Pain pat ients?

� It  is a standard protocol to manage cardiac patient s in 

EDTU (before discharge). 

Paradigm Breaking Exercise
Paradigms Shift?

9 Why there is no MIBI scanner or Satellite Lab in EMD? � The volume of the requests for MIBI scans may not 

justify for a satellite lab or scan machine in EMD.

10 Why there is no special pneumatic coloured tube to 
deliver Troponin test from EMD to Lab faster?

� Existing Pneumatic tube comes in Green & Red colour. 
Process time for Green tube is already faster. 

11 Why can’t HMS be sent to ordering Doctor when the

result is out?

� It requires additional resources to develop automated 

HMS system.

12 Why must last set of Troponin test be done 8-12 hours 
from the resolution of pain?

� It can be determined case-by-case. Minimum 6 hours 
from the resolution. 

13 Why there is no same day Treadmill for EMD chest pain
patients?

� As per current arrival pattern of chest pain patients, the 
earliest time to do treadmill is by the next day morning. 

EMD doctors are given the option to request for same 
day. 

14 Why Nurses do not draw blood for chest pain patients 

at the first instant (QAT)?

Carpark item - Nurses are engaged with many other 

activities. 

15 Why Medical Officer (MO) turn up at Diagnostic 
Cardiac Lab (DCL) only at 10am?

� MO are scheduled to Cath Lab before DCL

16 Why EMD/EDTU Nurses have to collect medication at 

the Pharmacy on behalf of the patients?

Carpark item – EMD/EDTU nurses will work with 

Pharmacist  (beyond RIE scope)

17 Why must EMD Doctor print ED notes? � It is not a requirement to print ED notes (verified by Dr 

Goh Khean Teik, Medical Affairs).

CELL CONCEPT:             
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Paradigm breaking exercise 

helped the team to think out 
of the box and come up with 
breakthrough solutions.

Principles in Cell Concept guided the team during 

solutioning. The team took references from the best 
practises from other countries and developed new 
workflows.

Go and See sessions in A & E, 
EDTU, Nuclear Lab and 

Diagnostic Cardiac Lab were 
organized to bring the team 

down to the front line to capture 
wastes in the process and 
observe patients’ experience.

Value Stream Mapping was 

used to analyze the current 
state and designing a future 
state for better flow across 

multiple processes

FUTURE VALUE STREAM MAP
Management of Chest Pain Patient in EMD/EDTU

Ordering of 
blood at QAT

Prepare patient for 

transfer to FIC 
wi thin 1 hour

EMD EDTU

Activate New MPI 
workflow if identify 
patients who meet 

cri teria in EDTU

New MPI workflow 

for Unstable patients

New MPI workflow 
for Stable patients

Rapid Experiment Rapid Experiment –– Early Identification of Ongoing Chest Pain Patients Early Identification of Ongoing Chest Pain Patients 

in EDTU/EMD (Part 1, 7:30am to 10am, 21 Feb 2013)in EDTU/EMD (Part 1, 7:30am to 10am, 21 Feb 2013)

PLAN

DO

CHECK

ACT

� Identify EDTU or EMD patients with ongoing chest pain or resolution of pain within 2 hours

� Administer Rest MPI on patient

� Track total turnaround time from identification of patient to tracer injected

� Radiographer to prepare spillage kit to bring 

along when injecting tracer in EMD/EDTU

EMD admission to MPI appointment Current Rapid Experiment

11 to 21.5 days
(as Outpatient Appt)

Within 24 hours

From Chest Pain to MPI tracer injected Non Within 1 hr 6 mins

Findings; 

� Patient is suffering from mild stroke but was scheduled to go for treadmill test on the same day. 

� Result of the 3 sets of blood tests were normal, and patient would have been discharged soon. 

However MPI scan results turned out to be abnormal, thus patient was admitted to General Ward

� Porter was overwhelmed by multiple requests, Only 1 station porter dedicated to both EMD & EDTU. 

Porter was unavailable to send chest pain patient to Nuclear Lab. EDTU nurse had to send patient 

instead.

� There is no visual management to indicate that patient is going for MPI scan in Nuclear Lab. Suggest 

to hang a tag on the wheel chair.

Rapid Experiment Rapid Experiment –– Quick Identification of Suitable Patients Quick Identification of Suitable Patients 

by Quick Assessment Team (QAT) (Part 2, 12pm to 1pm, 21 Feb 2013by Quick Assessment Team (QAT) (Part 2, 12pm to 1pm, 21 Feb 2013))

PLAN

DO

CHECK

ACT

� Quick identification of Suitable Patients by QAT

� Order blood test at QAT

� Track total turnaround time from identification of patient at QAT to Troponin result is out

� Nuclear Lab to track demand for rest MPI (by EMD & EDTU) during

pilot phase. 

� Refine the visual management to be hanged at patients’ bedside.

Current Rapid Experiment

TAT from Admission to Troponin result 130 to 557mins 73 to 113 mins

Findings; 

� It took about less than 5 mins for pneumatic tube to reach the lab. 

� There are substantial number of patients who may fit the criteria of doing rest MPI at EMD.

� Blood may not be ordered at QAT if they are swarmed by multiple entries, 

� It may be a challenge to locate phlebotomist to draw blood immediately after accessed by QAT.

Rapid Experiments were 
conducted to quickly test the 
viability of the ideas in the real 

environment and generate new 
insights. 

1. Patients received a more conclusive clinical diagnosis of their heart condition as 
MPI was administered within 24 hours from the day patient was admitted with 
atypical chest pain at A & E.

2. Inclusion and exclusion criteria guides for the management of chest pain patients for 
A & E Doctors were created (Figure 2) to ensure a smoother workflow at A & E.

3. Radiographers created additional resource for A & E referrals and were able to 
perform MPI within 24 hours from the time patient was admitted (Figure 3 & 4). 

4. Developed a more well coordinated and seamless workflow between A & E and 

Nuclear Laboratory on the management of chest pain patients. There was better 
patient experience as it reduced anxiety as a result of earlier MPI. 

5. Overall, the improved workflow reduces admission to the Ward, reduces re-
admission to A & E, reduces number of Clinic visits, promote safe discharges 
and cost reduction to patients. 

Figure 5: Overall Workflow for Patients with Ongoing Chest Pain / Resolution of Chest Pain within 2hrs 

Figure 3: Recipe Card for Acute Rest MPI 
Figure 2:  Inclusion and exclusion criteria 

for  EMD Doctors

The team achieved results which were beyond expectation. 
1. Appointment wait time for Myocardial Perfusion Imaging (MPI) (Figure 6)

� At 95th percentile: Reduced from 21.5 days to 1.2 day (target 14 days) 
� At 50th percentile: Reduced from 11 days to 1 day (target 5 days)

2. Before the project, all chest pain patients who were discharged from A & E would be 
given a Cardiac outpatient appointment. After the project, 75% were able to be 

discharged without the need for a Cardiac outpatient appointment. The team 
managed to save 70 outpatient cardiac appointments over 12 months (Figure 7). 

MPI Appointment Wait Time Feb 2013 to Feb 2014
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Target: save 50% TCU

Pre-RIE: 

 - No access to MPI tests during their 

stay in EMD/EDTU. 

 - 100% of the patients with CP 

require TCU

Post RIE:

 - 115 patients went through TIME 

workflow since Mar 2013. 

 - Percentage of TCU saved is 75%

Sustainability
• The team conducted regular review meetings for 12 months to follow-up on 
the progress, challenges, and review results.

• All key stakeholders were engaged during the meeting to provide feedback on a 

regular basis.
• Concerns and challenges faced were addressed promptly. 

Key Success Factors
• Team leaders’ constant updates to their respective Head of Department in A & E and 

Cardiac Department provided good support and assurance to the team’s progress. 
• The team was very clear that the solutions were patient centric and they all worked 
cohesively towards a common goal.

• Effective use of continuous improvement methodology.

Figure 1

Figure 4: Recipe Card for Stress MPI

MPI within 

24 hours

Figure 6: MPI Appointment Wait Time Figure 7: Overall RIE Result Mar 2013 to Feb 2014
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Clinic 

Visits 

Reduced!

[TIME RIE] Recipe Card for STRESS scan patients from EDTU (Nuclear Lab version

1. EDTU staff to contact Nuclear staff @ ext 5383 / 
97806914.

2. Nuclear staff to print out Aurora request and 
gives same day appointment.

3. EDTU porter will fetch patient to FIC.

4. Patient will undergo pharmacological stress.

5. Patient will wait at FIC for 1 hour prior to scan.

6. Scan takes about 30 minutes.

7. Upon completion of scan, Radiographer will

inform both reporting and requesting Doctors
via 

HMS text message.

8. EDTU porter to fetch patient back to EDTU.

9. Reporting doctor to provide report within 90 
minutes.

10.If Stress MPI is abnormal, the EDTU staff will 
make an appointment for patient to do the rest 
MPI the next day. 

EDTU staff  

alerts Nuclear 

Tech.

Nuclear Tech prints  

out Aurora request 

& gives same day 

appt.

EDTU nurse/station 
porter will send 

patient to Functional 
Imaging Centre (FIC).

Radiographer 

prepares Tracer.

Radiographer 

injects tracer at FIC.
Patient wait at 
FIC for about an 

hour.

Scanning of 

patient for 

30mins.

EDTU porter will 

send patient back to 

EDTU.

Doctor reports 

study

Updated 26 Jun 2014

[TIME RIE] Recipe Card for Acute REST MPI Scan for EDTU Patients (Nuclear Lab version)

1. Doctor Identify suitable patient and Aurora request for 

Rest MPI

2. EDTU staff to contact Nuclear staff @ ext 5383 /97806914

3. Nuclear staff inform Radiographer, prints out Aurora 

request and gives same day appointment .

For Unstable Patients, proceed to step 4a to 4c

4a) Radiographer will  prepare and inject tracer at EDTU.

4b) Radiographer will  inform EDTU staff the approximate  

timing of scan.

4c) 15 mins before appointment time, EDTU nurse/station 

porter wil l fetch patient to FIC for scan.

For Stable Patients, proceed to 5a to 5c

5a) EDTU porter will  fetch patient to FIC.

5b) Radiographer will  prepare and inject the tracer.

5c) Patient will wait at FIC for 1 hour prior to scan.

5. Scan takes about 30 minutes. 

6. Upon completion of scan, Radiographer will inform both 

reporting and requesting Doctors via HMS text message.

7. EDTU porter to fetch patient back from FIC to EDTU.

8. Reporting doctor to provide report within 90 minutes.

9. EDTU Nurse to f ix next day Stress MPI scan appt if result 

is normal

EDTU staff  alerts 

Nuclear Tech.

Radiographer injects 

tracer in patient at 

EDTU.

EDTU porter will send 

patient back to EDTU.

Doctor reports study

Nuclear Tech informs 

Radiographer, prints Aurora & 

gives same day appt

15 mins before appt, EDTU 
nurse/station porter will send 

patient to FIC

Scanning of patient for 

30mins.

Dr identifies patient 

in EDTU

Unstable

Patients

Stable
Patients

EDTU porter will send 
patient to FIC

Radiographer injects 

tracer at FIC.

Patient wait at FIC 
for about an hr

Updated 26 Jun 2014

• Inclusion criteria

– Patients with atypical chest pain with non-diagnostic ECG & second 
negative Trop I which is taken more than 12 hours from onset of 
chest pain.

– > 40 years old

– No prior history of Myocardial Infarction

• Exclusion criteria

– < 40 years old

– Typical history of angina or chest pain due to other pathologies eg. 
Pneumonia, pneumothorax, aortic dissection

– Pregnant

– Prior history of Myocardial Infarction

– Positive Trop result / Abnormal ECG

– Uncooperative patient

EDTU Admission: Chest Pain Protocol Workflow 

Stress MPI

6
Note: For Acute Rest MPI workflow, please refer to Figure 5 below


