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Singapore

• Area - 712 km2

• Population - 5.4 million

• One of the most densely populated 

countries in the world

• International travel hub

• One of the earliest to report COVID-19 

outside China



GRA 10-Steps
1. Cardiac arrest 

registry
2. Telephone CPR
3. High 

Performance 
EMS CPR

4. Rapid Dispatch
5. Measurement 

of professional 
resuscitation 
using 
defibrillator

6. First responder 
AED program

7. Smart 
technologies for 
CPR/AED

8. Mandatory 
training for 
CPR/AED

9. Accountability
10. Culture of 

Excellence

Bridging the 
gap

It takes a System to Save a Life

Barriers
• Geographic 

constraints
• Poor 

Infrastructur
e

• Cultural 
mindset

• Lack of 
public 
awareness

• Lack of 
funding

• Low Public 
CPR skills

• Low AED 
availability & 
skills

• Low EMS 
Crew/dispatc
her training

• Multiple, 
poorly 
regulated 
independent 
ambulance 
providers

• Ambulance 
crew training 
and attrition 
issues

• Hospital 
cooperativity 
and 
communicati
ons

• Data sharing 
issues



Improving 
OHCA 
survival in 
Singapore
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Clinical Course of COVID-19
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commencin
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*Time of viral clearance is the first 

of  two or more consecutive 

negative tests
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Pre-critical 
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do 
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Week 1

• Acute Phase

Week 2

• Critical Phase

Week 3

• Recovery Phase
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Current outbreak in worker dormitories





EMS and 
COVID-19













Current EMS PPE Posture
 

Item Purpose Length of 
Use before 
change 

Remarks 

N95 Mask For respiratory protection in all 
situations.   
Offers higher level of protection 
in aerosol-generating procedures 
(AGP) 

Up to 6 hours For extended wear, when not in use, to store in clear, Ziploc bag.  Ziploc 
bag is single use and is to be changed time to prevent contamination 
from the inner sides of the bag. 
 
To change after transfer of each suspect/confirmed case. 

Goggles Eye protection Re-usable Goggles should be cleaned and dis-infected after every case.  When not in 
use, goggles should be stored in a clear, Ziploc bag. 

Level 4 
Gown 

Needed as transfer of patient is a 
high-contact activity  

Per working 
shift 

Re-using of gown is necessary to conserve resources for the long-term. 
Reuse of gown entails a need for cleaning of the gown between cases. 
 
To change if visibly soiled or after transfer of each suspect/confirmed 
case. 

Gloves Hand protection Per trip Single gloving is sufficient.  Gloves should be disposed following each 
case.   
Thereafter, hand hygiene should be performed and hands should be 
allowed to dry.  Use hand moisturizer 3X/day. 

Removed from PPE requirements 
 
Head cover/ hair net* 
Shoe cover 
 





OHCA and COVID

Jan 2020 Feb 2020 Mar 2020 Apr 2020

Total OHCA 275 228 246 230

Median age, years 71 69 70 74

Bystander CPR performed (%) 129 (46.9) 101 (44.3) 128 (52.0) 113 (49.1)

DA-CPR performed (%) 97 (75.2) 67 (66.3) 74 (57.8) 77 (68.1)

Bystander AED applied (%) 42 (15.3) 19 (8.3) 26 (10.6) 26 (11.3)

Prehospital ROSC (%) 33 (12.0) 29 (12.7) 32 (13.0) 22 (9.6)
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Single-Use CPR Protection Kit for Rescuers

• FACE SHIELD – for patient

• GLOVES – for rescuer

• CPRCARD™ – for rescuer to 
optimize quality of CPR

• FACE MASK – to protect rescuer

• DISINFECTANT WIPES – for 
rescuer to use post-incident

• DISPOSAL BAG“Evolving concept”



24

How to use the CPR Protection Kit?



Proposed Face Shield Prototypes for Patients

Mask “Shower Cap”



Conceptual framework describing relationship between state, hospital 

and ED in pandemic preparedness planning and response



Physical space 
and workflow 
model

 

 

 

 

 

 

 

 

 

SYSTEMS 

EMERGENCY DEPARTMENT 

COMMUNITY PRIMARY HEALTHCARE FACILITIES 

Via ambulance or  

Self-conveyed (Walk-ins) 

PRE-TRIAGE SCREENING 
Outdoor area, Apply up-to-date screening criteria, Single entrance to ED with security enforcement officers 

 

Low suspect area 
(Low risk zone) 

 

Patients who do not fit the 

national suspect case definition 

AND has no respiratory symptoms 

 

 
 

Intermediate suspect 

area (Intermediate 

risk/Buffer zone) 
Patients who do not fit the national 

suspect case definition but has 

respiratory symptoms or fever with an 

unknown source or fits the hospital’s 

internal screening criteria. 

 

High suspect area 

(“Dirty” or High risk 

zone) 
Patients who fit the national 

suspect case definition 
 Negative pressure rooms 

 Aim for high turnover  

 

TRIAGE  TRIAGE TRIAGE 

referral for 

swabs 

GOVERNMENT 

Centralised 

Surveillance 

Central 

AI-driven 

Database 
Data from the 

screening, triage, 

ED & hospital 

entered to help 

identify clusters 

 

Central online 

Portal  
With information on: 

- Community 

swabbing facility 

- General 

practitioners 

performing swabs  

- Telemedicine 

facility 

- ED Wait time & ED 

protocols 

 

Critical 

(P1) 

Trolley 

(P2) 

 

Walker 

(P3) 

Observation 

Critical 

 

Trolley 

(P2) 
Walker 

(P3) 

 Observation 

Critical 

 

Trolley 

(P2) 
Walker 

(P3) 

 Observation 

INPATIENT WARD 

Disposition criteria defined in ED workflow 

COMMUNITY 
 High risk and/or unable to self-

isolate: Community  Isolation 

Facility 

 Intermediate risk: Mandatory self 

isolation (Legally binding) 

 Low risk/Non-COVID-19: 

outpatient management as per 

usual indications 
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(B) ED Attendance ("Clean" Cases)

P1 P2 P2 + P3

ED ATTENDANCE
TIME PERIOD: FEB – APR 2019 VS FEB – APR 2020
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(A) Overall ED Attendance (A) Overall ED attendance is lower in Feb-Apr 2020 as compared to 
Feb-Apr 2019.

(B) “Clean” cases attendance are lower in Feb-Apr 2020 as compared 
to Feb-Apr 2019, except for P2+ (yellow line) where attendance 
remains, which means we are still seeing many sicker patients.

(C) Fever cases attendance are higher in Feb-Apr 2020 as compared to 
Feb-Apr 2019, especially for P3F (green line) where attendance is 
about 10 times more as compared to  Feb-Apr 2019.

Note 1: There is a huge decrease in P1 attendance in Feb-Apr 2020 as 
comparison to Feb – Apr 2019.
Note 2: Decrease in P3 attendance from Feb-Apr 2020, may be due to 
opening of FSA on 20 Mar 2020
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(C) ED Attendance (Fever Cases)

P1F P2F P3F
Note: P4 cases were not included in this analysis as the numbers were relatively small.
Data Source: eHIntS A&E Case Subject
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(D) ED Inpatient Admission by Triage 
Category 

(Fever Cases)

Total Inpatient Admission P1F P2F P3F

TOP 5 ADMISSION DIAGNOSIS – TRIAGE CATEGORY
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(C) ED Inpatient Admission by Triage 
Category 

("Clean" Cases)

Total Inpatient Admission P1 P2 P2+ P3

Note: P4 cases were not included in this analysis as the numbers were relatively small.
Data Source: eHIntS A&E Case Subject

P1 - Top 5 Diagnosis

Feb-Apr 2019 Feb-Apr 2020

1 Chest pain 214 1 Pneumonia 153

2 Fluid overload 202 2 Fluid overload 127

3 Pneumonia 136 3 Chest pain 100

4 Unstable angina 117 4 Angina 49

5 Angina 97 5 Stroke 42

P2 - Top 5 Diagnosis

Feb-Apr 2019 Feb-Apr 2020

1 Abdominal pain 220 1 Abdominal pain 159

2 Cellulitis 123 2 Cellulitis 93

3 ESRF - End stage 
renal failure

89 3 ESRF - End stage 
renal failure

64

4 Fever 83 4 Fever 64

5 Chest pain 62 5 Chest pain 51

P2+ Top 5 Diagnosis

Feb-Apr 2019 Feb-Apr 2020

1 Falls 168 1 Pneumonia 194

2 Abdominal pain 162 2 Falls 184

3 Pneumonia 131 3 Abdominal pain 173

4 Fluid overload 129 4 Fluid overload 172

5 Fever 127 5 Fever 146

P3 - Top 5 Diagnosis

Feb-Apr 2019 Feb-Apr 2020

1 Cellulitis 90 1 Abscess 61

2 Abscess 74 2 Cellulitis 51

3 Fever 52 3 Fever 46

4 Pneumonia 32 4 Perianal abscess 21

5 Perianal abscess 30 5 Pneumonia 20

P1F - Top 5 Diagnosis

Feb-Apr 2019 Feb-Apr 2020

1 Pneumonia 10 1 Pneumonia 19

2 Fluid overload 6 2 Fluid overload 8

3 Sepsis 5 3 Asthma 4

4 Giddiness 2 4 Chest pain 4

5 Chest pain 2 5 Atrial fibrillation 3

P2F - Top 5 Diagnosis

Feb-Apr 2019 Feb-Apr 2020

1 Fever 20 1 Pneumonia 77

2 Pneumonia 17 2 Fever 20

3 Sepsis 15 3 LRTI 19

4 Gastroenteritis 11 4 URTI 13

5 Cellulitis 8 5 Asthma 10

P3F - Top 5 Diagnosis

Feb-Apr 2019 Feb-Apr 2020

1 Haemoptysis 39 1 URTI 295

2 Pneumonia 11 2 Pneumonia 181

3 Fever 9 3 Fever 68

4 Bronchiectasis 6 4 LRTI 49

5 Herpes zoster 6 5 Abdominal pain 19



My health services research work:

COVID-SOS – Conceptual model



COVID-SOS – Systems Dynamic Model



High Level 

Schematic 

(Variant 2)



Control Panel: 
SGH-COVID-19 

Simulation 
Platform

Policies to be evaluated (to

activate change the value form  0

to 1 and set the corresponding

parameters)

Intervention 1: Hospital ARI Capacity

Extension

Intervention 2: Hospital Isolation Rooms

Capacity Extension

Intervention 3: External Isolation Facility

to Cover Overflowed Hospital ISO

Demand

Intervention 4: Hospital ICU Capacity

Extension

Intervention 5: Extenal ICU to Cover

Overflowed Hospital ICU Demand

Intervention 6: Aggressive Transfer of

Stable Cases to External ISO Facility

Scenarios to be cosidered

(to activate change the

value from  0 to 1)

Best Case Scenario

Base Case Scenario

Worst Case Scenario

Intervention

Parameters to be set

Key Performance

Indicators (KPIs) to

be monitored

<ARI Capacity>

<ARI Extended Capacity>

<ISO Capacity>

<ISO Extended Capacity>

<Ex-ICU Capacity>

<Ex-ISO Capacity>

<ICU Capacity>

<ICU Extended Capacity>

<ISO Stable Fraction>

<ALOS (ISO-Stable)>

Total Number of ARI Beds

Required

Extra ARI Beds Required

(Total - Available Capacity)

Total Number of Isolation

Beds Required

Extra Isolation Beds

Required (Total - Available

Capacity)

Total Number of ICU Beds

Required

Extra ICU Beds Required

(Total - Available Capacity)

Hospital COVID-19

Mortality

Total COVID-19 Mortality

(Including overflowed

Demand Mortality)
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Projected Number of Singapore Confirmed COVID-19 New Cases 
(over the next 3 months) 

Best Case Scenario Base Case Scenario Worst Case Scenario

- Prediction is based on current trends 
considering outbreaks in the 
dormitories and community

- Other significant triggering event may 
change the projection

- Best, Base and Worst Case are defined 
by the time when the apex is reached



Multi-variate sensitivity analysis for required 
number of National ICU beds

Best Case Scenario

95% CI [40, 135]

1. ALOS(ICU) is uniformly distributed (7-18 days)
2. ICU Conversion Rate from Dorms is uniformly distributed (1% to 3% weighted average)
(4.95% community)

Worst Case Scenario

95% CI [375, 1210]

* Time=0 on 2020/05/01

Base Case Scenario

95% CI [197, 650]

Estimated National ICU Capacity:
(Baseline, Min, Max) = (352, 310, 1,200)

National Demand - Base Case Scenario.vdfx
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Projected total cases of COVID-19 in Singapore under current 

containment intervention and alternative interventions, with 

100% confidence ranges

As the reference case 
projections are not visible on 
the common scale, 
projections for the reference 
case are shown on a 
separate scale (inset). 



COVID-19 Apps

SafeEntry

TraceTogether





Three possible scenarios how COVID-19 could play out: Single wave, 

Repeated waves, Epidemic to Endemic

Circuit breaker
Vaccine available
Drugs approved





My take home lessons
• COVID-19 will be a test of : healthcare system, government response, 

social capital

• Preparedness matters: Pandemic plans, epidemic legislation, mobilization 

of resources, stockpiling of PPE and supplies

• Whole of government, whole of society response

• EMS, ED, Hospital upgraded their PPE posture early – <5 healthcare 

workers infected , mostly in social setting

• Key to protect the healthcare system capacity – 34,000 COVID cases, 8 in 

ICU, 23 deaths

• No healthcare worker should die because of their work

• This will not be quick, this will not be pretty. We will need a paradigm shift 

in thinking. The world has changed.


