
aiTRIAGE™
INTELLIGENT TRIAGING SYSTEM FOR PATIENTS

AUTOM AT IC  & R EA L -T IM E R I SK  ST R AT I F ICAT ION



Background

• Triage is the clinical process of rapidly screening large numbers of 

patients to assess severity and assign priority of treatment

• Fast and accurate risk stratification is important to quickly identify 

patients of higher severity presented to the Emergency Department

• Currently, triage is generally done by nurses and depends on 

traditional vital signs and other physiological parameters
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Chest Pain (CP) Patients in the 
Emergency Department (ED)

Main questions include: 

• Is it life-threatening?

• Monitoring required?

We need answers to these 
Questions!

• Safe to discharge?

• Intervention required?



Motivation

4

• Medical resources are limited. Numbers of 

doctors, nurses, medical facilities may not 

be sufficient for fluctuating demand

• Traditional vital signs used in triage are not 

shown to correlate well with short-term or 

long-term outcomes

• Heart rate variability (HRV) shows potential 

for predicting hospital outcomes
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Competition
aiTRIAGE™ MEWS (Gold standard) TIMI 

Parameters 12-Lead ECG, HRV, Blood 
Pressure, Respiration 
rate

ECG, Systolic blood 
pressure, Respiration 
rate, Temperature, AVPU 
score

Age, CAD risk factors, 
Known CAD, ASA used in 
past 7 days, Severe 
Angina, ECG ST changes, 
Positive Cardiac Mark 

Equipment One highly-integrated
device

Separate equipment Separate equipment

Blood Test No No Yes

Time 5 minutes 5 minutes 1 hour (wait for blood 
test result)

Performance in AUC* 0.76 0.56 0.67

HL7 Gateway: CARESCAPE Gateway (GE Healthcare), NIHON KOHDEN HL7 Gateway Server, Infinity® Gateway
Disadvantages: bulky size, mainly used for link with their proprietary monitoring system, costly 





Current practice

8h observation
2 more serial 
blood tests

Discharge

Clinical history, ECG
Continual monitoring of vital signs

MEWS, TIMI risk prediction

Assessment by 
Emergency 
Physician

Treatment and 
Admission

aiTriage™

aiTriage™
(Clinical history, ECG, vital signs) 

5 mins

 Effective allocation of ED resources
 High-risk chest-pain patients

- Allows fast and appropriate therapeutic strategy
 Low-risk chest-pain patients

- Patients are allowed to discharge early
 Suitable for deployments for triage in GPs and community clinics since no blood 

test lab is required.

Cardiac Enzymes (i.e., blood test, 2
HOUR to wait for results)

Triage decision by 
healthcare professional

High Risk Low Risk

Triage decision by 
healthcare professional

2h observation
+/-1 blood test

Early Discharge

Immediate 
assessment by 
Emergency 
Physician

Treatment and 
Admission

High Risk Low Risk

Cardiac Enzymes (i.e., blood test 
as routine process, however,  NO 

NEED to wait for result for risk 
stratification)

Current practice and new workflow



Market Opportunity
Customer
The system is suitable for large-scale deployment across healthcare facilities, such as hospital Emergency Departments 
(EDs), GPs, community clinics. 

Market Size
 >1 million visits to EDs across Singapore every year
 In the U.S, chest pain is the most common chief complaint in patients ages 65 years and older and second most 

common in patients ages 15 to 65 years treated in emergency departments. It accounts for over 6 million ED visits in 
2001 and increases to over 7 million ED in 2011. Costs are more than $10 billion/year.  

 The worldwide market for cardiac monitoring and diagnostic devices is forecast to grow to $2.3B by 2017
 With compound annual growth of 10% in the APAC region

Competitive landscape
There are NO commercially available devices or systems that can provide real time prediction/stratification services for 
triage.



Pain points
Increasing number of 
chest-pain patients 

visiting ED

Longer queue time

Long triage time
Increased demand on 
doctors, nurses and 
hospital resources

Increase risk of 
adverse events*

* Research shows that the risk of 
adverse events increased with 
the mean length of stay of similar
patients in the same shift in the 
emergency department (ED).
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Triage can be done 
by the GP, 
community 
hospitals, nursing 
home or even at 
home since NO 
blood test  is 
required. 5-minutes 
measurement to 
provide triage 
result.



Gold standards
Modified Early Warning Score (MEWS)                                                                   TIMI Risk Score



Solution
Solution
aiTriage™: an intelligent cardiac risk stratification system, incorporates clinical information, heart rate variability (HRV), 
ECG parameters and vital signs into a scoring system for rapid, real-time risk stratification of MACE

Hardware
Portable HL7 gateway

Software
 PAD-based App for 

feature extraction & 
risk stratification

 A new dashboard or 
a module integrate 
into current existing 
dashboard

Firmware
Link with HIS/CIS for 
downloading patient 
info and uploading the 
risk score in HL7 format



Heart Rate Variability

• HRV is the beat-to-beat variation in time interval between heart 

beats (RR interval) under control of autonomic nervous system

• HRV has shown significant relationship between autonomic nervous 

system and cardiovascular mortality

• We have previously shown that HRV outperforms vital signs in risk 

stratification and a combined use of both performs even better
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Fetal Heart Rate Variability

• The clinical relevance of HRV was first appreciated in Hon and Lee 

(Am J Obstet Gynec 1965, 87:814-26) that HRV was correlated to 

fetal distress
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• Cardiotocography (CTG), 

invented by Doctors Alan 

Bradfield, Orvan Hess and 

Edward Hon, is widely used in 

O&G department for fetal

heartbeat monitoring



Machine Learning/Artificial Intelligence
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Initial Risk Prediction model for MACE



Model Performance



Current Stage
1. Collaborating with DxD in 6-month Exploratory Project, interim study using new data sets validated that  
aiTRIAGE™ has superior performance than MEWS and TIMI

Model Derivation Set: 564 patients (data 
collected from 15 Sep 2010 to 16 Oct 
2013)
Model Validation Set: 233 patients (data 
collected from 17 Oct 2013 to 10 Jul 2015)
Outcomes: Major Adverse Cardiac Events 
(MACE) within 30 days

Note that due to small validation set, 
patient distributions in derivation set and 
validation set are different
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Patients & Methods :

• All patients clinically suspected to have sepsis and met the Systemic

Inflammatory Response Syndrome (SIRS) criteria were included.

• Routine triage 6-minute ECG segments were collected and processed

to obtain HRV variables.

• The primary endpoint was a 30-day in-hospital mortality (IHM).

• Variables were selected by univariate analyses for significance.

Multivariate logistic regression method was used to derive the risk

prediction model.

• MEWS, NEWS and qSOFA (based on initial and worst

measurements in the ED) scores were computed for each patient.

• Predictive performance of our model and the computed scores were

compared using the the receiver operating curve (ROC).

Background: 
 Sepsis is highly prevalent condition presenting more in the

Emergency Department (ED) than the wards with up to 20% in-

hospital mortality (IHM) rates.

 An accurate, objective, non-invasive, quantitative means of

identifying high-risk septic patients early can potentially improve

outcomes in the ED.

 Currently available risk assessment tools utilize either traditional

vital signs alone or often require time-consuming laboratory

investigations and subjective physician assessment of patients.

 Heart rate variability (HRV) analysis has been shown to correlate

with mortality in critically ill patients.

A NOVEL HEART RATE VARIABILITY BASED RISK PREDICTION MODEL FOR 
PATIENTS PRESENTING TO THE EMERGENCY DEPARTMENT WITH SEPSIS 
Mas'uud Ibnu Samsudin1, Nan Liu1,2, M Sumanth3, Shuling Chong4, Zhi Xiong Koh2, R Rajesh3, Andrew Fu Wah Ho2, Marcus Eng Hock Ong1,2

1Duke-NUS Medical School, Singapore; 2Singapore General Hospital, Singapore; 3National University of Singapore, Singapore; 4KK Women’s and Children’s Hospital, Singapore

Aims: 
 Identify significant predictors of 30-day IHM in septic patients

presenting to the ED using patient demographics, vital signs and

HRV parameters and develop a risk prediction model (SGH ED

Sepsis, SEDS)

 Compare its performance with the Modified Early Warning Score

(MEWS), National Early Warning Score (NEWS) and quick

Sequential Organ Failure Assessment (qSOFA) score. AUC 95% CI

SEDS model 0.79 0.72 0.86

qSOFA (initial) 0.65 0.56 0.74

qSOFA (worst) 0.70 0.61 0.79

NEWS 0.70 0.62 0.79

MEWS 0.56 0.46 0.66

Conclusion and Perspectives: 

 Both linear and non-linear HRV parameters have 

been shown to be important predictors of 30-day 

IHM in septic patients presenting to ED

 First study that shows the incorporation of HRV 

parameters into a risk prediction model for septic 

patients, together with traditional predictors such 

as patient demographics and vital signs can 

improve the risk prediction performance.

Results:

• Out of 214 patients, 40 (19%) met the primary outcome.

• 22 variables including 2 demographic parameters, 4 vital signs and 16 HRV

parameters were selected as covariates in developing the prediction model.

• The final SEDS model comprise of 5 variables including 2 HRV parameters.

• The SEDS model performed with AUC of 0.78 (95%CI: 0.72–0.86),

compared to AUC of 0.65 (95%CI: 0.56–0.74), 0.70 (95%CI: 0.61–0.79),

0.70 (95%CI: 0.62–0.79), 0.56 (95%CI: 0.46–0.66) by the qSOFA (initial),

qSOFA (worst), NEWS and MEWS respectively.

SEDS model variables Adjusted OR 95% CI

Age (years) 1.03 1.00 1.06

Respiratory rate (bpm) 1.13 1.05 1.23

Systolic BP (mmHg) 0.99 0.97 1.00

Mean NN (s) 1.00 1.00 1.01

DFA (α2) 0.20 0.08 0.55

  No 30-day IHM (n=174) 30-day IHM (n=40)   p-value 
Demographics    

Age, mean  (SD) 65.0 (16.0) 75.0 (14.0) 0.001 

Medical History, n (%)    

     Ischemic Heart Disease 38 (21.8) 14 (35.0) 0.080 

Vital signs, mean (SD)    

Heart rate (bpm) 118.9 (20.9) 113.4 (24.4) 0.149 

Respiratory rate (bpm) 20.1 (3.7) 22.7 (5.1) 0.004 

Systolic BP (mm Hg) 118.8 (32.3) 110.0 (32.2) 0.124 

GCS (3-15) 13.5 (2.8) 11.9 (4.2) 0.025 

HRV parameters, mean (SD)    

Time domain    

     Mean NN (s) 553.8 (108.2) 590.6 (145.7) 0.072 

     SD NN (s 24.5 (27.2) 39.9 (38.0) 0.019 

Mean HR (bpm) 112.6 (20.2) 108.0 (24.4) 0.211 

SD HR (bpm) 5.4 (6.2) 7.9 (7.8) 0.030 

RMSSD (s) 30.4 (41.0) 53.3 (57.0) 0.021 

    NN50 (count) 58.5 (127.6) 87.7 (131.5) 0.196 

    pNN50 (%) 9.0 (19.5) 15.2 (22.7) 0.081 

    NN Triangular index 4.3 (4.2) 5.5 (6.6) 0.148 

    TINN 164.0 (169.1) 233.4 (203.0) 0.026 

    Total Power (ms2) 724.3 (2205.5) 1728.8 (3953.5) 0.128 

Frequency Domain    

    VLF Power (ms2) 138.5 (370.7) 370.3 (1080.3) 0.188 

LF power (ms2) 180.0 (607.3) 396.0 (985.5) 0.190 

    HF power (ms2) 402.6 (1270.7) 956.3 (2056.9) 0.109 

    LF power norm (nu) 46.5 (29.0) 32.9 (25.7) 0.005 

    HF power norm (nu) 52.8 (28.6) 66.4 (25.4) 0.004 

Non-linear domain    

    Poincare plot SD1 (ms) 21.5 (29.0) 37.7 (40.4) 0.020 

    Poincare plot SD2 (ms) 25.7 (26.7) 40.4 (37.1) 0.022 

    DFA, α1 0.7 (0.4) 0.6 (0.3) 0.127 

    DFA, α2 0.9 (0.4) 0.6 (0.4) <0.001 

	



Comparison of a Heart Rate Variability and 
Complexity Model with other pre-hospital 

scoring systems in  predicting the need for Life-
Saving Interventions amongst Trauma patients

AA KUMAR1, L NAN2, KOH XZ3, J CHIANG3, 

SOH Y1, WONG TH4, ME ONG2,3

1YONG LOO L IN SCHOOL OF MEDICINE,  NUS,  S INGAPORE 2SINGHEALTH HQ ,  S INGHEALTH
RESEARCH CENTER 3 DEPARTMENT OF EMERGENCY MEDICINE,  SGH 4TRAUMA SERVICE,  SGH



IP Position & Commercialization strategy

Current IP situation

- Method of predicting the survivability of a patient, US Patent 61313822, 
Filed on 15 March, 2010

- System and method of determining a risk score for triage, US Patent 
13/791,764, Filed on 8 March 2013

- Another patent in draft

Commercialisation Plan

- Cardiac arrest prediction algorithm licensed to Zoll Medical Corp (2011). 
Commercial application now available

- Startup company

- License patent to develop into a product

- Looking for potential public / private investment



Current Stage
2. Working prototype is ready for more data collection and model refinement*
*The data collection could be processed simultaneously with portable HL7 gateway development 

3. Multi-site data collection
CGH (in-principle approval)
KKH (in discussion)
Hospitals in China (in discussion)

4. IP 
 Two patent applications
 Published in > 10 journal papers



Current Stage
4. Android-based app with basic functions, data display and storage

5. Labview-based signal display and data storage program



Current Stage
6. Matlab-based feature 
extraction and risk 
prediction program



Intelligent Risk Prediction

Wearable Data Acquisition (Portable device)

- Real-time ECG / Photoplethysmography(PPG) / SpO2 / Continuous Blood 

Pressure

MACE risk prediction smartphone app

- Advance risk prediction algorithm

- Validated with large clinical database

- Outperform traditional clinical risk scores such as 

as TIMI score and MEWS 

Pulse Oximetry SensorECG sensorPrototype device

Real-time ECG Android app



Content server

(Hospital)

· Database

· Intelligent information 

system

· Risk prediction system

· Home-based 

Patients

· Hospital-based 

patients

· Doctors

· Family

· Clinicians

· Physicians

Wearable, Ambulatory, Automatic 
Monitoring and Risk Prediction System 

Risk prediction system

Intelligent information 

system

Long-term and 

continuous monitoring

· SD card storage

· Risk prediction 

analysis

Innovative medical device

WAP device

(Patient’s)

· User interface

· Off-line view the 

recorded signal

· Upload the 

saved data to 

the server

· User interface

· Remote access and 

download the data 

on the content 

server

· Display of patient’s 

data, monitored 

vital signs and risk 

analysis results 

WAP device
(Doctor’s)

WAP

WAP-based telemedicine 

system

Chest band: ECG measurement
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Home use

Hospital use

· Reflectance pulse oximetry

· Blood pressure derivation

· Motion artifact reduction

Wrist-worn gadget

· Low-power 

consumption

Bluetooth

Bluetooth

W
A

P



Business roadmap



Next generation



Benefits

• Ease ED burden

• Limited hospital resources can be 
focused towards high-risk patients

• Improve working capital efficiency.

• An objective and better risk score as 
a reference.

• Able to attend to more patients in 
hospital.

• Able to remote tracking low-risk 
patients at home

• Labour saving

• Minimum training is required

• Time & cost saving

• Early identification of life-
threatening conditions 

Patients Nurses

HospitalsDoctors



Development of a Portable Device for Real-time Risk Stratification 
of Adverse Cardiac Events

PI: Associate Professor Marcus Ong (SGH)

• Identification and early clinical 
intervention for patients are 
risk of MACE

Healthcare
Impact

Commercial
Path

NHIC 
Value

Impact

• Regulatory strategy
• Introduction to DxD Hub
• Link to potential investors

Project
Outcome • Software incorporating clinical 

parameters to predict risk of 
MACE

• Pilot clinical trial at SGH

• Intention to form start up
• Decision on DxD taken by 

Dec 2016

Clinical Need:
• Chest pain patients may proceed to a Major Adverse Cardiac 

Event (MACE)
• Stratify chest pain patients re risk of MACE

Value Proposition:
• Early intervention and intensive monitoring of only at-risk 

patients to reduce clinical workload

Target Market:
• Chest pain is second principal reason for visits to ED in US. 

129.8m visits in US; 120,000 at SGH

Solution:
• Intelligent software incorporating heart rate variability, ECG, 

vital signs for rapid real-time risk stratification of chest pain 
patients

Project Manager: Sharron Bennett 34



System and Method of Determining a 
Risk Score for Triage using Heart Rate 
Variability

Inventor’s Name: A/Prof Marcus Ong 
Eng Hock Ong, Dr Liu Nan



The Team
TIIM Pte Ltd (registered Nov 2016)
 In-licensing of aiTriage™ from SGH currently in progress
 SGH, KKH and Changi General Hospital has been involved as clinical sites
 Collaboration with DxD (ETPL) on exploratory project

Founders
Senior Clinician: A/Prof Marcus Ong Eng Hock, Singapore General Hospital
 Senior consultant (Ministry of health), Director of Research, Head of Data Analytics in HSRC,
Medical Director of UPEC 

Business Development: Mr Cheng Keng Liang
 Over 20 years experience in business operation, creating & nurturing start-ups

Machine Learning Specialist: Dr Liu Nan
 Over 9 years experience in machine learning, statistics and signal processing

Product Development: Dr Guo Dagang 
 Over 10 years experience in wireless sensor network, biomedical device, firmware, 
hardware & software development

Clinical Trial Specialist: Mr Garion Koh Zhi Xiong
 Over 9 years experience in clinical trial study and management



TIIM Healthcare Pte Ltd

Dr Guo Dagang

Product Development

E: guo.dagang@sgh.com.sg

T: 9071 0688

Mr Cheng Keng Liang

Business Development

E: cheng@globalhealthcare.sg

T: 9777 7369


