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Term Definition

Warfarin • A vitamin K antagonist. Narrow Therapeutic Index (NTI) medicine.

• Used as anticoagulant in Atrial Fibrillations(AF), Atrial Valve Replacement (AVR), Mitral 

Valve Replacement (MVR), Deep Vein Thrombosis (DVT), Antiphospholipid syndrome 

(APLS)

International 

Normalised Ratio 

(INR)

• A blood test used to monitor anticoagulation control

• Ratio of a patient’s prothrombin time to control (normal people)

• Measures how quick the blood clot

Time in therapeutic 

range (TTR)

• Indicator of the quality of anticoagulation control

• Measures the percentage of time a patient’s INR is within the targeted range 

Good TTR Thrombosis Canada3: >60%

PhIS Pharmacy Information System, a system which stores patients’ medication profile and is used 

by pharmacy in processing prescription

Chemolims A laboratory information system used in Klinik Kesihatan Sultan Ismail (KKSI) to review 

patient’s blood test results

POCT Point of care testing which provides instant INR result and is comparable to laboratory testing

Terms and Definition

3. Thrombosis Canada. Warfarin: management of out-of-range INRs. Whitby, ON: Thrombosis Canada; 2015. Available from: http://thrombosiscanada.ca/clinicalguides/#. 3
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Low percentage of good adherence to 
medications among diabetes patients in KKSI

High percentage of patients who defaulted VAS 
appointment to refill medications in KKSI

Medication error incidence in KKSI

Problem Identification

Low percentage of warfarin-treated patients with 
good TTR control in KKSI1

2

3

4
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TTR achievement of warfarin-treated patients in KKSI  
Sept 2022-Feb 2023 

58%
42%

TTR control of warfarin-treated patients

Good TTR control Poor TTR control

DSA Percentage of Patient with Good TTR control: 65%  
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Medication error classification:
Category C - An error occurred that reached the patient but did not cause patient harm.
Category D - An error occurred that reached the patient and required monitoring to confirm that it resulted in no harm to the patient 
and/or required intervention to preclude harm.
Category E - An error occurred that may have contributed to or resulted in temporary harm to the patient and required intervention

MER Incidence in KKSI
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Unclaimed VAS prescriptions at pharmacy unit, KKSI
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31.14%
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Adherence Level of Diabetes Patients in KKSI

Adherence level to medications among diabetes 
patients in KKSI

DSA Percentage of Patients with Good Adherence to Medications: 80%  

MyMAAT 

SCORE
GRADING

≥ 54 Good 

adherence

< 54 Moderate 

and poor

adherence

n=208

n=284

n=413
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Problem Prioritisation: SMART Criteria
List of problems Seriousness Measurable Appropriate Remediable Timeliness Total

Low percentage of warfarin-

treated patients with good TTR 

control in KKSI

18 18 18 12 16 82

Medication error incidence in 

KKSI
16 18 18 11 9 72

High percentage of patients 

who defaulted VAS 

appointment to refill 

medications in pharmacy KKSI

9 18 14 8 9 58

Low percentage of good 

adherence to medications 

among diabetes patients in 

KKSI

16 17 14 9 9 65

6 group members

10

Rating Scale: 1=Low 2=Moderate 3=High



T

Percentage of patients with good TTR (TTR>60%) can be measured

Appropriate as optimal anticoagulation control can improve patient’s safety, 

prevent thromboembolic events and reduce health care cost

Remediable by appropriate strategies of change and involvement of 

multidisciplinary teams

Can be completed in a timely manner

R

S
M
A

Reason for Selection
• Only 58% of warfarin-treated patients in KKSI achieved good TTR control

• Poor TTR control is associated with increased risks of thromboembolic 

events, bleeding, and all-cause mortality
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GARFIELD-AF Registry

12

1-year 
outcomes of 
patients with 

TTR<65%

2.4x 
All-cause 

mortality
1.5x

bleeding 

risk

2.6x 
stroke 

risk

Literature Review

1. Haas S, Ten Cate H, Accetta G, Angchaisuksiri P, Bassand JP, Camm AJ, Corbalan R, Darius H, Fitzmaurice DA, Goldhaber SZ, Goto S, Jacobson B, Kayani G, Mantovani LG, Misselwitz F, Pieper K, Schellong SM, Stepinska J, Turpie AG, van 

Eickels M, Kakkar AK; GARFIELD-AF Investigators. Quality of Vitamin K Antagonist Control and 1-Year Outcomes in Patients with Atrial Fibrillation: A Global Perspective from the GARFIELD-AF Registry. PLoS One. 2016 Oct 28;11(10). 

2. Jones M, McEwan P, Morgan CL, Peters JR, Goodfellow J, Currie CJ. Evaluation of the pattern of treatment, level of anticoagulation control, and outcome of treatment with warfarin in patients with non-valvar atrial fibrillation: a record linkage 

study in a large British population. Heart. 2005 Apr;91(4):472-7.

Jones et al, 2005

10% increase 
in time 

whereby INR 
is deranged 

29%  
in mortality 

risk

12%  
in thromboembolic 

events risk



5W 1H Problem Analysis

WHY
Incomplete patient history 

taking by doctors, lack of 

intervention by pharmacists, 

lack of knowledge among 

doctors and pharmacists, lack 

of cooperation from patients

HOW
No proper workflow to follow

WHO
Doctors, pharmacists and 

warfarin-treated patients

WHAT
Low percentage of good TTR 

control among warfarin-

treated patients 

WHEN
Every Thursday

WHERE
Warfarin clinic in Klinik 

Kesihatan Sultan Ismail
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Problem Statement
A verification study conducted from September 

2022 to February 2023 showed that only 58% of 

warfarin-treated patients in KKSI achieved good 

TTR control.

PROBLEM

Poor TTR control will lead to increased risks of 

thromboembolic events, bleeding, and mortality.
EFFECTS

Incomplete patient history taking by doctors, lack 

of intervention by pharmacists, lack of knowledge 

among doctors and pharmacists, and lack of 

cooperation from patients.

POSSIBLE 

CAUSES

To increase the percentage of warfarin-treated 

patients with good TTR control.

AIM OF 

STUDY



Low percentage 

of warfarin 

patients with 

good TTR 

control in KKSI

Inappropriate 

warfarin dose 

adjustment

Lack of 

cooperation 

from patients

Inadequate 

counselling by 

pharmacists

Lack of 

knowledge Communication 

problem

High turnover 

among staffs

Lack of 

knowledge

Long 

waiting 

time

Non 

compliance 

to dose 

Lack of CME 

sessions

Lack of 

credentialing 

pharmacists

Lack of 

understanding

Lack of 

training

Problem Analysis Chart

Lack of 

experience

High turnover 

among staffs

Incomplete 

patient’s 

history taking 

by doctors

Lack of 

pharmacists’ 

intervention

Poor 

workflow

Non 

compliance to 

warfarin diet

Patients 

need to 

come twice

No POCT 

reagent
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Study Objectives

General Objective:

• To increase the percentage of warfarin-treated patients with good TTR control in 
Klinik Kesihatan Sultan Ismail

Specific Objectives:

1) To verify the magnitude of patients with good TTR control

2) To identify the probable causes contributing to the low percentage of    

     patients with good TTR control

3) To formulate and implement remedial measures in increasing the  

     percentage of patients with good TTR control

4) To evaluate the effectiveness of the remedial measures

16



Key Measures 

for 

Improvement



Process of Care
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Model of Good Care (1)

Process Criteria Standard

1) Review    

    patient
• Check warfarin indication

• Check INR target

• History taking for all factors which may affect INR 

100%

100%

100%

2) Prescribing • Make dose adjustment based on ICSI guidelines

• Prescribe appropriate duration based on ACCP guidelines

100%

100%

3) Screening • Ensure the correct INR targets and indications are written on 

the prescription

• Ensure the dose adjustment and duration prescribed are 

appropriate based on guidelines

100%

100%

19



Process Criteria Standard

4) Intervention • Discuss with doctors if the dose adjustment or duration is 

inappropriate

100%

5) Counselling • Counsel patients on relevant factors which affect their INRs

• Assess patients’ understanding and compliance

• Ensure patients who require additional counselling are 

referred to the counselling room

100%

100%

100%

6) Documentation • Document the counselling session  

• Arrange for follow-up appointments

100%

100%

Model of Good Care (2)

20



Indicator and Standard

% of warfarin-treated patients with good TTR control in KKSI

Number of patients with good TTR control

Total number of warfarin−treated patients
𝑥 100%

Based on the standard set in Quality Assurance Programme (QAP) Indicator Manual 2023, where 

the percentage of patients achieving good TTR is ≥ 65%

Indicator

Formula

Standard

65%

21



Process of 

Gathering 

Information



Methodology

Quality improvement 

study

Study design

Universal 

sampling

Sampling technique

All currently active 

warfarin-treated 

patients in KKSI

Inclusion criteria

• SPUB patients

• Patients who 

switched to other 

anticoagulants

• Patients who 

defaulted

Exclusion criteria

• KKSI Chemolims  

website

• Patient medical 

record

• Medication 

profile from PhIS

Compiled with 

Microsoft Excel 

spreadsheet 

Source of data

Percentage 

of patients 

with good 

TTR control 

calculated

23



TTR Calculator
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Data collection form

25



Data collection tools
Contributing factors/ Variables Data collection tools Sample

Knowledge level of doctors and 

pharmacists

Pre test & post test All doctors (n=26) and pharmacists (n=20) 

in KKSI

Patient’s understanding and 

attitude towards warfarin

Questionnaires

All warfarin-treated patients throughout 

12-15th Feb 2023 (n=30)Completeness of doctor’s review Questionnaires

Number of counselling sessions 

by pharmacists

Counselling records in 

PhIS

Appropriateness of warfarin 

dose regimen

Warfarin prescriptions

All warfarin prescriptions throughout 12-

15th Feb 2023  (n=30)Number of interventions by 

pharmacists

Intervention notes
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Methodology

March 2023 - 

August 2023

Cycle 1

September 2022 -

February 2023

Verification

Study

September 2023 -

February 2024

Cycle 2

Remedial Action 2 

(1-14 September 2023)

Remedial Action 1 

(1-14 March 2023)

Study Timeline

27



Analysis & 

Interpretation 

(Verification Study)



September 2022 to 
February 2023

58%
42%

TTR control of warfarin-treated patients

Good TTR control Poor TTR control

Verification Study

Variables to be 
collected

Source of data 
collection

Number of active 
warfarin-treated patients 

Determined from PhIS 

(number of active warfarin 
prescriptions, n=102) 

Patient’s INR Retrieved from Chemolims

Patient’s TTR Calculated from all the INR 

values using Rosendaal 

method (TTR calculator)

To increase the percentage of warfarin-treated patients with 

good TTR control from 58% to 65%

Goal for improvement

29



Process Criteria Standard Verification 

(n=30)

Review 

patient
• Check warfarin indication

• Check INR target

• History taking for all factors which may affect INR 

100%

100%

100%

70%

70%

20%

Prescribing • Make dose adjustment based on ICSI guidelines

• Prescribe appropriate duration based on ACCP guidelines

100%

100%

50%

70%

Screening • Ensure the correct INR targets and indications are written   

on the prescription

• Ensure the dose adjustment and duration prescribed are 

appropriate based on guidelines

100%

100%

100%

60%

Model of Good Care (1)
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Process Criteria Standard Verification 

(n=30)

Intervention • Discuss with doctors if the dose adjustment or 

duration is inappropriate

100% 80%

Counselling • Counsel patients on relevant factors which affect 

their INRs

• Assess patients’ understanding and compliance

• Ensure patients who require additional counselling 

are referred to the counselling room

100%

100%

100%

50%

50%

0%

Documentation • Document the counselling session

• Arrange for follow-up appointments

100%

100%

50%

0%

Model of Good Care (2)
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Analysis of Knowledge Level 
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Pre test score

Pre test result for doctors and pharmacists

Pharmacist (n=20)

Doctor (n=26)

TEST 

SCORE

GRADING

10 Excellent knowledge

7 to 9 Good knowledge

4 to 6 Moderate knowledge

< 4 Poor knowledge
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Patient’s Questionnaire Findings (n=30)

Variable Criteria Finding

Patient’s compliance Compliant to warfarin dose 80% (24)

Compliant to warfarin diet 40 % (12)

Patient’s understanding Aware of their current dose 

regimen

70% (21)

Patient’s satisfaction Satisfy with the time needed for 

INR review and medicine 

collection

30% (9)
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Low percentage 

of warfarin 

patients with 

good TTR 

control in KKSI

Inappropriate 

warfarin dose 

adjustment 

(50%)

Lack of 

cooperation 

from patients

Inadequate 

counselling by 

pharmacists 

(50%)

Lack of 

knowledge 

(81%)

Lack of 

knowledge 

(70%)

Long 

waiting time 

(70%) 

Non 

compliance 

to dose 

(20%) 

Lack of CME 

sessions

Problem Analysis Chart

Incomplete 

patient’s 

history taking 

by doctors 

(80%)

Lack of 

pharmacists’ 

intervention 

(20%)

Poor 

workflow

Non 

compliance to 

warfarin diet 

(60%)

Lack of 

training

Lack of 

understanding
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Strategies for 

Change 

(Remedial Action 1)



Strategies for Change - Cycle 1
Implementation of warfarin checklist (Warf-Check)

• Incomplete patient’s interview by doctors 

• Poor workflow

Development of express warfarin calculator (E-Warf)

• Long waiting time

• Lack of cooperation from patients

Establishment of extended counselling (Warf-EC)

• Inadequate counselling by pharmacist

• Non compliance to warfarin dose and diet

Conduction of continuing medical education sessions (CME)

• Lack of knowledge among doctors and pharmacists     

36



Low percentage 

of warfarin 

patients with 

good TTR 

control in KKSI

Inappropriate 

warfarin dose 

adjustment 

(50%)

Lack of 

cooperation 

from patients

Inadequate 

counselling by 

pharmacists 

(50%)

Lack of 

knowledge 

(81%)

Lack of 

knowledge 

(70%)

Long 

waiting time 

(70%) 

Non 

compliance 

to dose 

(20%) 

Lack of CME 

sessions

Problem Analysis Chart

Incomplete 

patient’s 

history taking 

by doctors 

(80%)

Lack of 

pharmacists’ 

intervention 

(20%)

Poor 

workflow

Non 

compliance to 

warfarin diet 

(60%)

Lack of 

training

Lack of 

understanding
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Warfarin Checklist               
(Warf-Check)

Doctors need to fill this checklist if patient’s INR is 

out of range

Ensures the indication, target and current regimen 

are checked by doctor

• Provides structured interview

• Assess all relevant factors affecting 

INR

Ensures dose adjustment are 

calculated based on % change in 

weekly dose

Time- saving 

Easier communication
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E-Warf Calculator

Replaces physical calculator

Excel spreadsheet with pre included formula to 

simplify calculation process in dose adjustment

Instantly provide the new warfarin dose regimen 

with estimated INR value based on the 

percentage of weekly dose increase/decrease 

required

Insert current INR and dose regimen

Fast & accurate dose adjustment

Shorten consultation time

39
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Warfarin Extended Counselling                
                    (Warf-EC)

Comprehensive care to patients

Improved patient’s understanding

Patient’s selection criteria:

Patients with two consecutive INRs not in range

Patients with INR >4 or <1.5

Recent change in medicines

Patients will be referred to counselling room

Pharmacist reviews all factors and provides relevant counselling

Documentation in PhIS

Patients will be followed up during the next visit till their INR is stable for 
2 consecutive visits

41



Sharing on the practice of KKSI extended counselling in JKNJ Pharmacy 
practice meeting on 25th May 2023
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Continuing Medical Education
            (CME)

• Three CME sessions were conducted for all doctors and pharmacists
• Post test to assess understanding

Topics delivered:
• Pharmacological action of warfarin

• Warfarin-food interactions

• Warfarin-drug interactions

• Guideline-based dosage adjustment

• Introduction of warfarin checklist

Improved knowledge & understanding

43



Effect of Change 

(Cycle 1)



Achievable Benefit Not Achieved (ABNA)

50.0%

60.0%

70.0%

Standard Verification study
(Sep 2022-Feb 2023)

Cycle 1
(Mac 2023-Aug 2023)
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ge
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%
)

Percentage of warfarin-treated patients with good TTR in KKSI

68%

7%

65%

58%

-3%

ABNA 
Eliminated
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Process Criteria Standard Verification          

(n=30)

Cycle 1 

(n=102)

Review 

patient

• Check warfarin indication

• Check INR target

• History taking for all factors which may affect INR 

100%

100%

100%

70%

70%

20%

100%

100%

100%

Prescribing • Make dose adjustment based on ICSI guidelines

• Prescribe appropriate duration based on ACCP 

guidelines

100%

100%

50%

70%

80%

90%

Screening • Ensure the correct INR targets and indications are 

written on the prescription

• Ensure the dose adjustment and duration 

prescribed are appropriate based on guidelines

100%

100%

100%

60%

100%

100%

Effect of Change - Model of Good Care (1)
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Process Criteria Standard Verification 

(n=30)

Cycle 1

(n=102)

Intervention • Discuss with doctors if the dose adjustment or 

duration is inappropriate

100% 80% 100%

Counselling • Counsel patients on relevant factors which affect 

their INRs

• Assess patients’ understanding and compliance

• Ensure patients who require additional counselling 

are referred to the counselling room

100%

100%

100%

50%

50%

0%

100%

100%

100%

Documentation • Document the counselling session  

• Arrange for follow-up appointments

100%

100%

50%

0%

100%

100%
(for extended 

counselling patients)

Effect of Change - Model of Good Care (2)
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Strategies for 

Change 

(Remedial Action 2)



• Reinforcement of strategies implemented in cycle 1

• Development of K-WARF protocol 1st Edition in September 2023 
and 2nd edition was revised in February 2024 

Strategies for Change - Cycle 2

K-WARF Protocol

49



• QR code for E-warf calculator were generated and pasted on desks in  
consultation rooms to improve accessibility

OFFLINE ONLINE

E-Warf Calculator
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• Another CME session was conducted in January 2024

Continuing Medical Education
           (CME)

51



Letter of Standardisation

Mesyuarat Jawatankuasa Pemilihan Kategori 
Produk QA, KIK dan Inovasi yang terpilih 
mewakili PKDJB yang telah diadakan pada 
4.2.2024 telah memutuskan untuk membuat 
penyeragaman projek QA ini ke semua Klinik-
klinik Kesihatan Daerah Johor Bahru.
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Effect of Change 

(Cycle 2)



50.0%

60.0%

70.0%

Standard Verification study
(Sep 2022-Feb 2023)

Cycle 1
(Mac 2023-Aug 2023)

Cycle 2
(Sep 2023-Feb 2024)

Percentage of warfarin-treated patients with good TTR in KKSI

68%

7%

65%

58%

-4%
-3%

69%

ABNA 
-4%

Achievable Benefit Not Achieved (ABNA)
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Process Criteria Standard Verification          

(n=30)

Cycle 1 

(n=102)

Cycle 2 

(n=111)

Review 

patient

• Check warfarin indication

• Check INR target

• History taking for all factors which may 

affect INR 

100%

100%

100%

70%

70%

20%

100%

100%

100%

100%

100%

100%

Prescribing

• Make dose adjustment based on ICSI 

guidelines

• Prescribe appropriate duration based 

on ACCP guidelines

100%

100%

50%

70%

80%

90%

76%

90%

Screening • Ensure the correct INR targets and 

indications are written on the 

prescription

• Ensure the dose adjustment and 

duration prescribed are appropriate 

based on guidelines

100%

100%

100%

60%

100%

100%

100%

100%

Effect of Change - Model of Good Care (1)
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Process Criteria Standard Verification 

(n=30)

Cycle 1

(n=102)

Cycle 2

(n=111)

Intervention • Discuss with doctors if the dose 

adjustment or duration is inappropriate

100% 80% 100% 100%

Counselling • Counsel patients on relevant factors 

which affect their INRs

• Assess patients’ understanding and 

compliance

• Ensure patients who require additional 

counselling are referred to the 

counselling room

100%

100%

100%

50%

50%

0%

100%

100%

100%

100%

100%

100%

Documentation • Document the counselling session  

• Arrange for follow-up appointments

100%

100%

50%

0%

100%

100%
(for extended 

counselling 

patients)

100%

100%

Effect of Change - Model of Good Care (2)
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Effect of Change: Knowledge Level of Doctors
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10 Excellent knowledge

7 to 9 Good knowledge

4 to 6 Moderate knowledge

< 4 Poor knowledge
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10 Excellent knowledge

7 to 9 Good knowledge

4 to 6 Moderate knowledge

< 4 Poor knowledge

n = 20 for verification study & cycle 1
n = 14 for Cycle 2

Effect of Change: Knowledge Level of Pharmacists
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Analysis of Patients’ Compliance to Warfarin Diet and Dose
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Patients’ Compliance to Warfarin Diet and Dose

Warfarin diet

Warfarin dose
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Average Number of Visits for INR Testing
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The Next Step



Sharing with other 
districts in Johor

Obtained copyright 
for E-Warf

Application of International 
Standard Book Number 

(ISBN) for K-WARF protocol

National FMS 
Conference

62

May
2024

June

2024

Aug

2024

Sep

2024

The Next 

Step

Sep

2024

Obtained e ISBN

• Publish K-WARF 

protocol online

• Upgrade E-Warf to 

mobile application 

To increase the percentage 

of the indicator from 65% 

to 70% 



Sharing on the practice of E-Warf in JKNJ Pharmacy 
practice meeting on 10th June 2024
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Family Medicine Scientific Conference

Sharing of K-WARF Protocol at the 
FMS Conference 2024



Gantt Chart

Planned Progress 

Actual Progress 
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