
World Journal of
Cardiology

ISSN 1949-8462 (online)

World J Cardiol  2021 September 26; 13(9): 381-525

Published by Baishideng Publishing Group Inc



WJC https://www.wjgnet.com I September 26, 2021 Volume 13 Issue 9

World Journal of 

CardiologyW J C
Contents Monthly Volume 13 Number 9 September 26, 2021

REVIEW

Quantifying tissue perfusion after peripheral endovascular procedures: Novel tissue perfusion endpoints 
to improve outcomes

381

Arkoudis NA, Katsanos K, Inchingolo R, Paraskevopoulos I, Mariappan M, Spiliopoulos S

Exercise-mediated adaptations in vascular function and structure: Beneficial effects in coronary artery 
disease

399

Sakellariou XM, Papafaklis MI, Domouzoglou EM, Katsouras CS, Michalis LK, Naka KK

Stent visualization methods to guide percutaneous coronary interventions and assess long-term patency416

Ghafari C, Carlier S

MINIREVIEWS

Interpersonal violence: Serious sequelae for heart disease in women438

Mazza M, Marano G, Gonsalez del Castillo A, Chieffo D, Albano G, Biondi-Zoccai G, Galiuto L, Sani G, Romagnoli E

Coronary artery aneurysm: A review446

Matta AG, Yaacoub N, Nader V, Moussallem N, Carrie D, Roncalli J

Coronary vasospasm: A narrative review456

Jewulski J, Khanal S, Dahal K

Sodium glucose cotransporter 2 inhibitors: New horizon of the heart failure pharmacotherapy464

Naito R, Kasai T

Intensive lipid-lowering therapy, time to think beyond low-density lipoprotein cholesterol472

Abdalwahab A, Al-atta A, Zaman A, Alkhalil M

ORIGINAL ARTICLE

Retrospective Study

Patients’ time in therapeutic range on warfarin among atrial fibrillation patients in Warfarin Medication 
Therapy Adherence Clinic

483

Lee SL, Ong TJ, Mazlan-Kepli W, Mageswaran A, Tan KH, Abd-Malek AM, Cronshaw R

Percutaneous coronary intervention of totally occluded coronary venous bypass grafts: An exercise in 
futility?

493

Nardone EW, Madsen BM, McCarey MM, Fischman DL, Ruggiero NJ, Walinsky P, Vishnevsky A, Savage MP



WJC https://www.wjgnet.com II September 26, 2021 Volume 13 Issue 9

World Journal of Cardiology
Contents

Monthly Volume 13 Number 9 September 26, 2021

Prospective Study

Red blood cell distribution width in elderly hospitalized patients with cardiovascular disease503

Xanthopoulos A, Tryposkiadis K, Dimos A, Bourazana A, Zagouras A, Iakovis N, Papamichalis M, Giamouzis G, 
Vassilopoulos G, Skoularigis J, Triposkiadis F

Effects of exercise training on diastolic and systolic dysfunction in patients with chronic heart failure514

Chaveles I, Papazachou O, Shamari MA, Delis D, Ntalianis A, Panagopoulou N, Nanas S, Karatzanos E



WJC https://www.wjgnet.com III September 26, 2021 Volume 13 Issue 9

World Journal of Cardiology
Contents

Monthly Volume 13 Number 9 September 26, 2021

ABOUT COVER

Editorial Board Member of World Journal of Cardiology, Stavros Dimopoulos, PhD, Doctor, Postdoc, Research 
Scientist, Senior Researcher, Staff Physician, Cardiac Surgery ICU, Onassis Cardiac Surgery Center, Athens 17674, 
Greece. stdimop@gmail.com 

AIMS AND SCOPE

The primary aim of World Journal of Cardiology (WJC, World J Cardiol) is to provide scholars and readers from 
various fields of cardiology with a platform to publish high-quality basic and clinical research articles and 
communicate their research findings online.  
    WJC mainly publishes articles reporting research results and findings obtained in the field of cardiology and 
covering a wide range of topics including acute coronary syndromes, aneurysm, angina, arrhythmias, athero-
sclerosis, atrial fibrillation, cardiomyopathy, congenital heart disease, coronary artery disease, heart failure, 
hypertension, imaging, infection, myocardial infarction, pathology, peripheral vessels, public health, Raynaud’s 
syndrome, stroke, thrombosis, and valvular disease.

INDEXING/ABSTRACTING

The WJC is now abstracted and indexed in Emerging Sources Citation Index (Web of Science), PubMed, PubMed 
Central, Scopus, China National Knowledge Infrastructure (CNKI), China Science and Technology Journal 
Database (CSTJ), and Superstar Journals Database. The 2021 edition of Journal Citation Reports® cites the 2020 
Journal Citation Indicator (JCI) for WJC as 0.36. The WJC’s CiteScore for 2020 is 0.3, and Scopus CiteScore rank 
2020: Cardiology and Cardiovascular Medicine is 289/317.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Lin-YuTong Wang; Production Department Director: Xiang Li; Editorial Office Director: Ya-Juan Ma.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Cardiology https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1949-8462 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

December 31, 2009 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Marco Matteo Ciccone, Dimitrios Tousoulis, Ramdas G Pai https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/1949-8462/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

September 26, 2021 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1949-8462/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJC https://www.wjgnet.com 483 September 26, 2021 Volume 13 Issue 9

World Journal of 

CardiologyW J C
Submit a Manuscript: https://www.f6publishing.com World J Cardiol 2021 September 26; 13(9): 483-492

DOI: 10.4330/wjc.v13.i9.483 ISSN 1949-8462 (online)

ORIGINAL ARTICLE

Retrospective Study

Patients’ time in therapeutic range on warfarin among atrial 
fibrillation patients in Warfarin Medication Therapy Adherence Clinic

Siew Ling Lee, Thien Jian Ong, Wardati Mazlan-Kepli, Annuysia Mageswaran, Kai Hsin Tan, Abdul-Muizz Abd-
Malek, Robert Cronshaw

ORCID number: Siew Ling Lee 0000-
0001-7894-3090; Thien Jian Ong 
0000-0003-3785-4731; Wardati 
Mazlan-Kepli 0000-0002-4937-2548; 
Annuysia Mageswaran 0000-0001-
7932-673X; Kai Hsin Tan 0000-0002-
7924-6366; Abdul-Muizz Abd-Malek 
0000-0002-2779-6454; Robert 
Cronshaw 0000-0002-1651-8088.

Author contributions: Mazlan-
Kepli W contributed to the idea 
and study design; Siew-Ling L, 
Thien-Jian O, and Annuysia M 
contributed to and performed all 
data analyses and interpretation of 
results; Siew-Ling L and Thien-Jian 
O wrote the first manuscript; 
Wardati MK contributed to the 
interpretation of results and 
critically reviewed the final 
manuscript; All authors 
contributed to the review of an 
approved manuscript before 
submission.

Institutional review board 
statement: Ethical approval for this 
study was obtained from the 
Medical Research and Ethics 
Committee (MREC), Ministry of 
Health Malaysia (NMRR-19-839-
46462).

Informed consent statement: 
Patients were not required to give 
informed consent to the study 
because the analysis used 

Siew Ling Lee, Thien Jian Ong, Wardati Mazlan-Kepli, Annuysia Mageswaran, Kai Hsin Tan, 
Department of Pharmacy, Hospital Serdang, Ministry of Health Malaysia, Kajang 43000, 
Selangor, Malaysia

Abdul-Muizz Abd-Malek, Department of Cardiology, Hospital Serdang, Ministry of Health 
Malaysia, Kajang 43000, Selangor, Malaysia

Robert Cronshaw, College of Medical, Veterinary and Life Sciences, University of Glasgow, 
Glasgow G128QQ, United Kingdom

Corresponding author: Siew Ling Lee, BPharm, Pharmacist, Department of Pharmacy, Hospital 
Serdang, Ministry of Health Malaysia, Jalan Puchong, Kajang 43000, Selangor, Malaysia. 
siewling.phc@gmail.com

Abstract
BACKGROUND 
The quality of warfarin therapy can be determined by the time in the therapeutic 
range (TTR) of international normalized ratio (INR). The estimated minimum TTR 
needed to achieve a benefit from warfarin therapy is ≥ 60%.

AIM 
To determine TTR and the predictors of poor TTR among atrial fibrillation patie-
nts who receive warfarin therapy.

METHODS 
A retrospective observational study was conducted at a cardiology referral center 
in Selangor, Malaysia. A total of 420 patients with atrial fibrillation and under 
follow-up at the pharmacist led Warfarin Medication Therapeutic Adherence 
Clinic between January 2014 and December 2018 were included. Patients’ clinical 
data, information related to warfarin therapy, and INR readings were traced 
through electronic Hospital Information system. A data collection form was used 
for data collection. The percentage of days when INR was within range was 
calculated using the Rosendaal method. The poor INR control category was 
defined as a TTR < 60%. Predictors for poor TTR were further determined by 
using logistic regression.

RESULTS 
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A total of 420 patients [54.0% male; mean age 65.7 (10.9) years] were included. The 
calculated mean and median TTR were 60.6% ± 20.6% and 64% (interquartile 
range 48%-75%), respectively. Of the included patients, 57.6% (n = 242) were in 
the good control category and 42.4% (n = 178) were in the poor control category. 
The annual calculated mean TTR between the year 2014 and 2018 ranged from 
59.7% and 67.3%. A high HAS-BLED score of ≥ 3 was associated with poor TTR 
(adjusted odds ratio, 2.525; 95% confidence interval: 1.6-3.9, P < 0.001).

CONCLUSION 
In our population, a high HAS-BLED score was associated with poor TTR. This 
could provide an important insight when initiating an oral anticoagulant for these 
patients. Patients with a high HAS-BLED score may obtain less benefit from 
warfarin therapy and should be considered for other available oral anticoagulants 
for maximum benefit.

Key Words: Atrial fibrillation; Time in therapeutic range; International normalized ratio; 
HAS-BLED score; Oral anticoagulants; Warfarin Medication Therapeutic Adherence 
Clinic

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is a retrospective observational study to determine time in therapeutic 
range (TTR) and the predictors of poor TTR among patients with atrial fibrillation 
under follow-up at the Warfarin Medication Therapeutic Adherence Clinic of a tertiary 
cardiology referral center in Selangor, Malaysia. In this study cohort, we found that 
high HAS-BLED score (≥ 3) was a significant predictor of poor TTR.

Citation: Lee SL, Ong TJ, Mazlan-Kepli W, Mageswaran A, Tan KH, Abd-Malek AM, 
Cronshaw R. Patients’ time in therapeutic range on warfarin among atrial fibrillation patients in 
Warfarin Medication Therapy Adherence Clinic. World J Cardiol 2021; 13(9): 483-492
URL: https://www.wjgnet.com/1949-8462/full/v13/i9/483.htm
DOI: https://dx.doi.org/10.4330/wjc.v13.i9.483

INTRODUCTION
Atrial fibrillation (AF) is usually asymptomatic and is associated with an increased 
risk of major adverse cardiovascular events (MACE) and mortality in patients with 
coronary artery disease (CAD)[1]. The prevalence of AF in the Malaysian population is 
low at 0.54%, compared to the global average of 1%[2].

Warfarin is the most widely used anticoagulant in the world[3-5]. Although novel 
oral anticoagulants are available, warfarin remains a viable oral anticoagulant for 
many patients because of its availability and cost[4,6,7]. The time in therapeutic range 
(TTR) estimates the percentage of time a patient’s international normalized ratio (INR) 
is within the desired treatment range or goal and is widely used as an indicator of 
anticoagulation control[4,9-12]. TTR is commonly used to evaluate the quality of 
warfarin therapy and is an essential tool for assessing the risks vs benefits of warfarin 
therapy[4,8,13,14]. A 10% increase in time spent out of TTR is associated with a 29% 
increase in the risk of mortality and a 10%-12% increase in the risk of an ischemic 
stroke and other thromboembolic events[13,15-17].

The aim of this study is to determine the percentage of time a patient’s INR is within 
the desired treatment range and the predictors of poor TTR among patients with AF 
who receive warfarin therapy.

MATERIALS AND METHODS
Study design
This is a retrospective observational study that was conducted in Hospital Serdang 

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
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P-Editor: Wu RR located in Kajang, Selangor. Hospital Serdang is a cardiology reference center that 
covers patients from Serdang, Bangi, Putrajaya, Kajang, Dengkil, and Puchong area in 
the state of Selangor, Malaysia. Ethical approval for this study was obtained from the 
Medical Research and Ethics Committee, Ministry of Health Malaysia (NMRR-19-839-
46462). The study was carried out in accordance with the Declaration of Helsinki.

Study setting and study population
All AF patients under Warfarin Medication Therapeutic Adherence Clinic follow-up 
between 2014 to 2018 were included. The electronic Hospital Information System 
(eHIS) was used to extract patients’ demographics, comorbidities, information related 
to warfarin therapy, and INR readings. Baseline comorbidities were retrospectively 
retrieved according to available medical records in eHIS. The consecutive sampling 
method was used. A case report form was used for data collection. Each patient was 
allocated a patient identifier number that matched their patient registration number, in 
order to protect confidentiality. Patients were excluded if they discontinued warfarin 
therapy, died, or had less than three INR readings.

TTR
For patients with AF, the target INR range was between 2.0 to 3.0. TTR is defined as an 
estimate of the average time that a medication is dosed with optimal efficacy and 
safety[4]. From previous literature, the estimate of the minimum TTR needed to 
achieve a benefit from warfarin therapy is between 58% and 65%[18]. The percentage 
of days that INR was within range was calculated using the Rosendaal method[8]. 
Thus, based on these references, we defined the “poor” TTR category as TTR < 60% 
and the “good” TTR category as TTR > 60%.

Statistical analysis
This study aimed to determine to what extent the following factors are associated with 
poor TTR: Age, gender, ethnicity, diabetes mellitus, hypertension, previous ischemic 
heart disease, chronic kidney disease, peripheral vascular disease, stroke/transient 
ischemic attack, deep vein thrombosis/pulmonary embolism, heart failure, chronic 
obstructive pulmonary disease/asthma, chronic kidney disease, dyslipidaemia, 
chronic rheumatic heart disease, CHA2DS2-VASc score, and HAS-BLED score. A 
study by Peduzzi et al[19] on sample size for logistic regression suggests using a 
minimum event per variable value of ten. Since our study was interested in studying 
17 risk factors, a minimum sample of 170 patients in the poor TTR category group was 
required. The study planned to recruit at least 400 samples in order to exceed the 
minimum sample size, as the prevalence of poor TTR was estimated at 38%[19].

Categorical variables were summarized using frequencies and proportions while 
continuous variables were summarized using mean ± standard deviation or median 
(inter-quartile range) values. Logistic regression analysis was used to calculate odds 
ratios (OR) and 95% confidence intervals (CI) to model the predictors of poor TTR. 
This analysis was repeated and adjusted to variables that were significant from the 
previous studies: Heart failure, chronic kidney disease, CHA2DS2-VASc score, and 
HAS-BLED score[20]. A P < 0.05 was considered significant. Point estimates and 
95%CI are presented for all results. Statistical analyses were performed using IBM 
SPSS Statistics for Windows, version 20 (Armonk, NY, United States).

RESULTS
A total of 420 patients with AF were included in this study (Figure 1). Baseline charac-
teristics are shown in Table 1. The mean age of the study population was 65.7 (10.9) 
years. There were slightly more male patients (54%, n = 227) than female patients 
(46%, n = 193). The largest ethnic population was Malay, followed by Chinese and 
Indian. Hypertension accounted for the highest percentage of comorbidities among 
patients with AF, followed by diabetes mellitus, dyslipidaemia, and ischemic heart 
diseases. Median CHA2DS2-VASc score was 3 (moderate risk of stroke), and median 
HAS-BLED score was 2 (low bleeding risk).

Time in therapeutic range
Over 5 years, the mean (standard deviation) TTR was 60.6% (20.6%) with a median of 
64% (interquartile range 27%). Of the included patients, 57.6% (n = 242) were in the 
good control category, and 42.4% (n = 178) were in the poor control category (Table 2). 
The annual calculated mean TTR between the year 2014 and 2018 ranged between 
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Table 1 Baseline characteristics

Baseline characteristic All patients, n = 420 TTR < 60%, n = 178 TTR ≥ 60%, n = 242

Age, yr

mean ± SD 65.7 ± 10.9 65.7 ± 10.8 65.7± 10.9

Median (IQR) 67 (15) 66 (14) 67 (15)

Male 227(54.0) 99 (55.6) 128 (52.9)

Female 193 (46.0) 79 (44.4) 114 (47.1)

Ethnicity

Malay 210 (50.0) 96 (53.9) 114 (47.1)

Chinese 179 (42.6) 64 (36.0) 115 (47.5)

Indian 26 (6.2) 16 (9.0) 10 (4.1)

Others 5 (1.2) 2 (1.1) 3 (1.2)

Comorbidities

Diabetes mellitus 170 (40.5) 85 (47.8) 85 (35.1)

Hypertension 291 (69.3) 128 (71.9) 163 (67.4)

Ischemic heart disease 90 (21.4) 48 (27.0) 42 (17.4)

Peripheral vascular disease 8 (1.9) 2 (1.1) 6 (2.5)

Stroke/transient ischemic attack 49 (11.7) 20 (11.2) 29 (12.0)

Deep vein thrombosis/pulmonary embolism 2 (0.5) 1 (0.6) 1 (0.4)

Heart failure 27 (6.4) 12 (6.7) 15 (6.2)

Chronic obstructive pulmonary disease/asthma 22 (5.2) 8 (4.5) 14 (5.8)

Chronic kidney disease 49 (11.7) 28 (15.7) 21 (8.7)

Dyslipidaemia 125 (29.8) 47 (26.4) 78 (32.2)

Chronic rheumatic heart disease 17 (4.0) 10 (5.6) 7 (2.9)

Liver disease 0 (0.0) 0 (0.0) 0 (0.0)

CHA2DS2-VASc score

Mean ± SD 2.6 ± 1.4 - -

Median (IQR) 3 (1.0) 3 (2) 2(1)

Score 0-1 91 (21.7) 34 (19.1) 57 (23.6)

Score 2-4 297 (70.7) 125 (70.2) 172 (71.1)

Score ≥ 5 32 (7.6) 19 (10.7) 13 (5.4)

HAS-BLED score

Median (IQR) 2 (2.0) 3 (1.0) 2 (2.0)

Low bleeding risk (score ≤ 2) 257 (61.2) 83 (46.6) 174 (71.9)

High bleeding risk (score ≥ 3) 163 (38.8) 95 (53.4) 68 (28.1)

All values are reported as n (%) unless otherwise noted. IQR: Interquartile range; TTR: Time in therapeutic range; SD Standard deviation.

59.7% and 67.3%. The highest percentage was in 2018, with 67.3% of days within 
therapeutic range in AF patients. Figure 2 shows the mean TTR for AF patients from 
2014 to 2018. Patient with a high HAS-BLED (score ≥ 3) had a median TTR of 55% 
compared to patients with a low HAS-BLED score, who had a median TTR of 68% 
(Figure 3).

Predictors of poor TTR
From the multivariate analysis, a high HAS-BLED score (score ≥ 3) was significantly 
associated with a poor TTR (< 60%) (adjusted OR, 2.5;1.6-3.9, P < 0.001) compared to a 
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Table 2 Time in the therapeutic range of the study population

Variables All patients, n = 420 TTR < 60%, n = 178 TTR ≥ 60%, n = 242

TTR

mean ± SD 60.6 ± 20.6 41.1 ± 14.7 75.0 ± 9.6

Median (IQR) 64 (27) 44 (22) 74 (14)

Good (≥ 60%) 242 (57.6) - -

Poor (< 60%) 178 (42.4) - -

SD: Standard deviation; TTR: Time in therapeutic range.

Figure 1 Flow diagram describing the selection of data for the analysis reported. AF: Atrial fibrillation; INR: International normalized ratio; MTAC: 
Medication Therapeutic Adherence Clinic.

low HAS-BLED score (score ≤ 2). Similarly, in the model adjusted for predictors 
previously described in previous reports[20] (model 2), only HAS-BLED score was 
found to be a significant predictor of poor TTR (adjusted OR, 2.9;1.8-4.7, P < 0.001) 
(Table 3).

DISCUSSION
This study assessed the percentage of time a patient’s INR is within the desired treat-
ment range or TTR and explored the predictors of poor TTR. Overall, the study 
population had a majority of men and people of Malay ethnicity. This could be 
explained by the Malaysian population distribution, whereby more than half of the 
population are of Malay ethnicity, and there are more men than women with the ratio 
of 107:100[21]. Our results showed similarity with other international studies, with a 
majority of warfarin users being male[22,23].

Hypertension had the highest prevalence, followed by diabetes mellitus, hyperlip-
idemia, and ischemic heart disease. The higher prevalence of cardiac-related 
comorbidities could be explained by Hospital Serdang’s status as a cardiology center, 
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Table 3 Univariate and multivariate logistic regression analysis for predictors of poor time in therapeutic range < 60% among atrial 
fibrillation patients

Multivariate
Univariate

Model 11 Model 22Baseline characteristic 

OR 95%CI P aOR 95%CI P aOR 95%CI P 

Age 1.0 0.9-1.0 0.976

Ethnicity

Malay 1.0 Reference -

Chinese 1.3 0.2-7.7 0.800

Indian 0.8 0.1-5.1 0.845

Others 2.4 0.3-16.9 0.380

Gender 

Male 1.0 Reference -

Female 0.9 0.6-1.3 0.580

Comorbidities

Diabetes mellitus 1.7 1.1-2.5 0.009 1.3 0.8-1.9 0.240

Hypertension 1.2 0.8-1.9 0.318

Ischemic heart disease 1.8 1.1-2.8 0.018 1.3 0.8-2.1 0.317

Peripheral vascular disease 0.4 0.1-2.2 0.328

Stroke/transient ischemic attack 0.9 0.5-1.7 0.814

Deep vein Thrombosis/pulmonary 
embolism 

1.4 0.1-21.9 0.828

Heart failure 1.1 0.5-2.4 0.823 1.0 0.5-2.4 0.913

Chronic obstructive pulmonary 
disease/asthma 

0.8 0.3-1.9 0.558

Chronic kidney disease 1.9 1.1-3.6 0.028 1.2 0.6-2.3 0.585 1.2 0.7-2.4 0.514

Dyslipidaemia 0.7 0.5-1.2 0.197

Chronic rheumatic heart disease 1.9 0.8-5.4 0.169

CHA2DS2-VASc score 1.4 0.9-2.1 0.060 0.9 0.6-1.4 0.629

HAS-BLED Score

Low bleeding risk (score ≤ 2) 1.0 Reference -

High bleeding risk (score ≥ 3) 2.9 1.9-4.4 < 0.001 2.5 1.6-3.9 < 0.001 2.9 1.8-4.7 < 0.001

1Model 1, adjusted to significant variables of the study populations.
2Model 2, adjusted to heart failure, chronic kidney disease, CHA2DS2-VASc score and HAS-BLED score. aOR: Adjusted odds ratio; CI: Confidence interval; 
TTR: Time in therapeutic range.

therefore catering towards patients with cardiovascular disease in the region. Addi-
tionally, these are the main risk factors for AF, which is the study population in 
question[24].

Interestingly, when compared to other Asian studies, the mean TTR of patients 
obtained in the study was 60.6%. In comparison, a study from Korea recorded a mean 
TTR of 49.1%[23], and a study from Singapore recorded a mean TTR of 58%[25]. 
Possible reasons for the higher mean TTR percentage may be due to the involvement 
of pharmacists in the pharmacist-led warfarin therapy. This translates to improved 
patient counselling, dosage adjustment, and identification of possible food-drug and 
drug-drug interactions.

This study found that patients with a high HAS-BLED score (≥ 3) had a lower 
median TTR of 55%, compared to patients with a low HAS-BLED score (score < 2) who 
had a higher median TTR of 68%. Previous reports have suggested that heart failure, 
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Figure 2 Mean percentage of the time in therapeutic range among atrial fibrillation patients. TTR: Time in therapeutic range.

Figure 3 HAS-BLED score vs median time in therapeutic range (%). TTR: Time in therapeutic range.

chronic kidney disease, and CHA2DS2-VASc score in addition to high bleeding risk 
may also contribute to poor TTR[20]. After adjusting for these variables, we found 
only high HAS-BLED (score ≥ 3) was associated with poor TTR. This is supported by 
the study from Urbonas et al[15], which found median TTR was significantly lower in 
patients with high bleeding risk (36.4%) as compared to low-risk patients (55.6%). 
They suggested that the poor TTR in these patients may be due to biological variation 
in clotting factors[15].

Strength and limitations
Our patients’ data were derived from the eHIS database, an electronic storage system 
of patient records, enabling straightforward access to patient records. The INR results 
collected in the study were obtained either through point-of-care testing (POC) or 
clinical laboratory INR. There may be bias in INR measurements calculated using POC 
compared with laboratory INR, as POC measurements tend to be higher[10], which 
may affect subsequent INR readings. We were unable to measure objectively patient 
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compliance to warfarin as a risk factor for poor TTR. Since it was a retrospective study, 
possible missed documentation may have occurred.

CONCLUSION
This study found the mean TTR was 60.6% in patients with AF and that a high HAS-
BLED score (≥ 3) was associated with poor TTR. This could provide an important 
insight during the initiation of oral anticoagulant for patients with a high HAS-BLED 
score, who may obtain less benefit from warfarin therapy. They should therefore be 
considered for other available oral anticoagulants for maximum benefit.

ARTICLE HIGHLIGHTS
Research background
The time in therapeutic range (TTR) is a quality measure for anticoagulation therapy 
with warfarin.

Research motivation
TTR of international normalized ratio (INR) needs to be achieved with a percentage of 
≥ 60% for patient to receive a maximal benefit from warfarin such as preventing 
stroke, major bleeding, and even death.

Research objectives
TTR and the predictors of poor TTR need to be evaluated among atrial fibrillation (AF) 
patients that received warfarin therapy.

Research methods
Eligible patients with AF from January 2014 to December 2018 for INR monitoring 
were included in this study. Demographic data, indication of warfarin therapy, INR 
target, and percentage of INR within range were collected using a data collection form. 
TTR was assessed using Rosendaal method.

Research results
In patients with AF, the mean TTR was 60.6% with the highest TTR score achieved in 
2018, with a percentage of 67.3%.

Research conclusions
This study showed that high HAS-BLED score was associated to poor TTR.

Research perspectives
Patients with AF and high HAS-BLED score may have less benefit from warfarin 
therapy. Thus, other alternative oral anticoagulants should be considered for maxi-
mum benefit.
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