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NEW HOPE FOR PATIENTS 
WITH BLOOD CLOTS IN LUNGS 

Patients with Chronic Thromboembolic Pulmonary 

Hypertension (CTEPH), a disease of the blood vessels of 

the lungs caused by persistent blood clots, are now able 

to undergo a surgery to remove the clots. The open-heart 

surgery, previously not readily available in the region, is part of 

the comprehensive CTEPH clinical service offered by NHCS. 

FIRST COMPREHENSIVE, MULTI-DISCIPLINARY PROGRAMME 

The introduction of the CTEPH 
clinical service in NHCS gave 
patients such as Mr Ong a new 
lease of life. The programme, 
which started in 2016, is the first in 
Singapore to offer comprehensive 
treatment options – pulmonary 
endarterectomy, balloon 
angioplasty and medical therapy, 
for CTEPH patients. The service 
provides full spectrum of care 
including diagnostic investigations, 
customised treatment options and 
follow-up care for the patients.

Pulmonary endarterectomy, the 
open-heart surgery which Mr Ong 
underwent, is an operation carried 
out to remove blood clots from the 
pulmonary arteries in the lungs to 
allow blood flow. The curative but 
complex surgery involves a heart-
lung bypass machine that will take 
over the function of the heart and 
lungs, and requires the body to 
be gradually chilled to 20 degrees 
Celsius in order to slow down 
metabolism. The cooling process  
is necessary to protect the brain 
and other organs from damage. 

M r Ong Chee Fatt, a 57-year-old polytechnic lecturer, used to be an avid runner who can do 3km or 4km run every day 
without fail, until he began experiencing breathing difficulties in 2010. He started having bad coughs and shortness 
of breath, and realised then that he could no longer run long distance without taking regular breaks. He was 

subsequently diagnosed with CTEPH in 2013.

It is estimated that there are a few hundred CTEPH patients in Singapore. The condition, not widely known, has common 
symptoms, such as what Mr Ong had experienced, and it will progressively worsen and affect breathing, sleeping and walking. 
CTEPH patients who do not receive treatment will usually not survive beyond seven years, or three years for those with more 
serious conditions. On average, one-third of CTEPH patients would succumb to the condition if no treatment is rendered. 

Doctors will then have 20 minutes to remove the clots once the machine has  
taken over the circulation and drained the blood from the body. The whole  
operation takes about seven to eight hours and is undertaken by specially trained 
doctors and support staff, working closely as a team. 

Some CTEPH patients, who may be deemed unsuitable or high risk for pulmonary 
endarterectomy due to various factors such as advanced age, distal disease (small 
vessel disease) or multiple comorbidities, will be recommended the alternative 
treatment option from the CTEPH programme. Balloon pulmonary angioplasty is a 
minimally invasive procedure which may be suitable for such patients. 
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CONTACT US 

GP PATIENT REFERRALS Tel (65) 6704 2222

NHCS CALL CENTRE Tel (65) 6704 2000 
 Fax (65) 6222 9258 
 Email central.appt@nhcs.com.sg 

GENERAL ENQUIRIES  Tel (65) 6704 8000 
 Fax (65) 6844 9030 
 Email nhcs@nhcs.com.sg

NHCS CARDIAC INTERVENTIONAL PROCEDURES

Interventional cardiology involves treating patients with disease of the 
heart vessels or coronary artery disease. The interventional cardiology 
programme is supported by catheterisation laboratories which are 
equipped with features such as biplane and monoplane flat detectors 
to reduce radiation exposure to patients. They are operational  
round-the-clock, ensuring that heart attack patients admitted to NHCS 
will receive timely acute angioplasty to clear up the blocked artery, 
which leads to better clinical outcomes and survival rates.

 24/7 Acute Angioplasty
 Adjunctive Coronary Imaging 

using Intravascular Ultrasound 
(IVUS) and Optical Coherence 
Tomography (OCT)

 Cardiac Catheterisation/
Angiography

 Coronary Physiologic 
Measurement (FFR) using 
Pressure Wire

 Intraaortic Balloon 
Counterpulsation

 MitraClip Procedure for  
Severe Mitral Regurgitation

 Mitral, Aortic and Pulmonary 
Valvuloplasty

 Myocardial Biopsies
 Percutaneous 

Cardiopulmonary Bypass
 Percutaneous Coronary 

Interventions 
 Peripheral Vascular 

Intervention
 Renal Denervation
 Right and Left Heart 

Catheterisation/Angiography
 Transcatheter Aortic Valve 

Implantation (TAVI) 

OUR INTERVENTIONISTS  

Prof Koh Tian Hai  Senior Advisor and Senior Consultant
Assoc Prof Lim Soo Teik  Deputy Medical Director and Senior Consultant
 Director, Cardiac Catheterisation Laboratory
Assoc Prof Aaron Wong  Head, Department of Cardiology  

and Senior Consultant
 Director, Interventional Cardiology
Asst Prof Jack Tan  Deputy Head, Department of Cardiology and 

Senior Consultant
 Director, Coronary Care Unit
Assoc Prof Philip Wong  Senior Consultant
 Deputy Director, NHRIS
Assoc Prof Yeo Khung Keong  Senior Consultant
Assoc Prof Chin Chee Tang  Senior Consultant
Asst Prof Ho Kay Woon  Senior Consultant
Dr Chin Chee Yang  Consultant
Dr Fam Jiang Ming  Consultant
Dr Jonathan Yap Associate Consultant
Dr Muhammad Bin Idu Jion Associate Consultant

FOR THE FULL LIST OF NHCS SERVICES AND SPECIALISTS,  
PLEASE VISIT www.nhcs.com.sg.

Unlike pulmonary endarterectomy which 
involves the surgical removal of the blood 
clots, balloon pulmonary angioplasty 
uses catheter to pass through the blood 
vessel and position a balloon device that 
is subsequently inflated to push the blood 
clots aside and restore blood flow. Patients 
who underwent the balloon pulmonary 
angioplasty option typically need to undergo 
the procedure a few times to completely treat 
their blockages. Patients who are deemed 
unsuitable for pulmonary endarterectomy 
and balloon pulmonary angioplasty will 
be offered medical therapy to prevent clot 
formation and lower their lung pressure.

Due to the non-specific 
nature of symptoms and lack 

of awareness of the condition, many 
cases may go undiagnosed. It is 
important that we raise awareness 
of this condition so that more 
can be diagnosed and treated 
early,” said Assoc Prof Lim Soo 
Teik, Deputy Medical Director and 
Senior Consultant, Department of 
Cardiology, NHCS.

Climbing stairs is now no longer a tedious task for  
Mr Ong after his successful surgery.
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1999
 Performed first biventricular 

pacing (for symptomatic relief in 
patients with moderate to severe 
heart failure on maximum medical 
therapy) procedure 

 National Heart Centre Singapore 
became autonomous

In year 2018, the National Heart Centre Singapore celebrates 
two decades of excellence in Cardiovascular Medicine.  
We have gone from strength to strength, pioneering many 
firsts, and in collaboration with local and international 
partners, been a part of several groundbreaking discoveries. 
Our milestones have showcased our dedication to medical 
advancement, together we celebrate:

2000
 Jointly offered first Diploma in 

Biomedical Sciences (Cardiac 
Technology) offered in Singapore 
and Asia, with Singapore Polytechnic

 Did first lung 
transplant with 
Singapore General 
Hospital and 
National Cancer 
Centre Singapore

2001
 Established first mechanical heart 

device programme

 Performed first left ventricular assist 
device implantation in Singapore 
and Southeast Asia

2002
 Performed first 

left ventricular 
reconstructive 
surgery 

 Established Singapore’s first heart 
failure programme 

 Performed first percutaneous lead 
extraction in Singapore using the 
electrosurgical dissection sheath 
system

 Did the first left ventricular assist 
device explantation in Singapore 
and Southeast Asia

2003
 Developed first Specialist Diploma in 

Cardiac Technology with Singapore 
Polytechnic in Singapore and Asia

 Established  
Adult Congenital  
Heart Disease  
Programme  
(ACHD)

 Performed first bipolar  
radiofrequency ablation in Asia

2005
 First heart hospital outside USA 

and in Asia to be accredited 
by the Joint Commission 
International (JCI)

 Performed first  
robotic-assisted  
excision of  
mediastinal tumour  
on an 18-year-old male patient 
using da Vinci surgical system

2006
 Performed Singapore and Asia’s  

first pulmonary vein isolation/ 
Maze procedure using the  
EPICOR Cardiac Ablation system 

 Established Robotic Assisted 
Minimally Invasive Cardiothoracic 
Surgery (RAMICS) Programme 

2008
 Established Singapore’s First 

Homograft Bank 

2009
 Performed Asia’s first percutaneous 

closure of the left atrial appendage 
using the Watchman device

 First robotic hybrid operating theatre 
in Southeast Asia

 Introduced Southeast Asia’s 
magnetic navigation system for 
complex arrhythmias, first in 
Southeast Asia 

 Performed Singapore’s first Heart 
Mate II implantation 

 Successfully 
performed 
Asia’s first 
combined 
heart 
and liver 
transplant 
with SGH

 Performed Asia’s first percutaneous 
aortic valve replacement

20 YEARS

2010
 First robotic-assisted lobectomy in 

Southeast Asia

 EuroPCR partnered SingLIVE to 
launch inaugural AsiaPCR-SingLIVE
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2015
 Partnered with American College  

of Cardiology partners to create 
world’s first global diabetes registry

 Official opening of SAF Cardiac 
Fitness Centre at NHCS 

2017
 Collaboration with SingHealth 

Polyclinics on front-loading and open 
access protocol that helps patients 
cut one visit and get a faster diagnosis 

2014

 Official opening of the NHCS  
new building by Prime Minister 
Lee Hsien Loong

 Official launch of the National  
Heart Research Institute  
Singapore by President Tony Tan

 Performed Singapore’s first 
Subcutaneous Implantable 
Cardioverter Defibrillator procedure 
to prevent Sudden Cardiac Death 

2011
 Successfully created beating heart 

cells from patient’s skin

 Successfully 
performed Asia’s 
first MitraClip 
procedure for 
patients with 
heart valve 
problems

 Introduced Asia’s first Aquaphereis 
for heart failure patients with fluid 
overload

2012
 Implanted Singapore’s first third generation heart pump, the HeartWare  

Ventricular Assist Device, for advanced heart failure patients

 Set up Cardiovascular Academic Clinical Programme

 Developed world’s first arrhythmogenic right ventricular  
cardiomyopathy human heart cell model to study inherited  
heart muscle disease associated with Sudden Cardiac Death

 Performed Asia’s first successful transapical transcatheter mitral valve-in-valve implantation 

2013
 Successfully and completely reversed 

the effects of a gene mutation in 
long QT syndrome 2 in patient-
specific heart cells, a world’s first 

2016
 Jointly developed cardiac gene 

sequencing panel with Imperial 
College London to test 174 genes  
in 17 inherited cardiac conditions

 Opening of Women’s Heart Clinic

 Led multinational study which 
discovered the gene mutations in 
Titin affect the heart function in 
Asians’ healthy individuals 

JOURNEYING  
AS ONE HEART, 
TWO DECADES  
OF MEMORIES
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MITRACLIP THERAPY:  
NON-INVASIVE  
TREATMENT FOR  
LEAKY HEART VALVES
By Dr Wong Ningyan, Associate Consultant,  
and Assoc Prof Yeo Khung Keong, Senior Consultant  
Department of Cardiology

Our heart contains four valves that play a 

vital role in maintaining blood circulation 

and keeping blood flowing in the correct 

direction. When one or more of the heart valves 

malfunctions, they can cause heart valve disease. 

MITRAL REGURGITATION – WHAT IS IT?

The mitral valve, one of the four valves, is located between the left heart chambers (left 
atrium and left ventricle). Mitral regurgitation is a condition in which the mitral valve 
leaflets do not close tightly. When this happens, blood flows backward from the left 
ventricle into the left atrium. The heart must then work harder to push blood through 
the body, which can cause fatigue, shortness of breath and heart failure. There are several 
causes of mitral regurgitation and these include deterioration of valve tissue, conditions 
that weaken the heart muscle and congenital valve abnormalities. 

P atients with mild heart valve disease can be monitored without treatment and continue to lead a long and healthy 
lives. For patients with severe heart valve disease, they are at risk of developing infections and complications such 
as heart failure and stroke. Heart valve problems are mainly categorised into three types, namely leaky valve or 

regurgitation where valve does not close properly; stenosis where valve’s leaflets thicken, stiffen or fuse; and atresia where 
valve does not open at all. 

Normal Mitral Regurgitation

For mild cases, treatment 
may not be necessary but 
the severity of leakage 
needs to be monitored with 
ultrasound scans of the heart 
(echocardiograms). For more 
severe cases, treatment is 
required. In the past, we only 
had surgery or medications 
to treat mitral regurgitation. 
Surgical treatment involves 
either repairing or replacing 
the mitral valve. Mitral valve 
repair preserves the patient’s 
own valve, while replacement 
(performed when repair is not 
possible) replaces the damaged 
valve with an artificial one. Both 
methods require open-heart 
surgery and a heart-lung bypass 
machine is used to take over the 
function of the heart while it is 
being worked on. Medications 
can be used to help make 
symptoms more manageable 
but they do not treat the defect 
in the mitral valve itself. 
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A catheter is first guided through  
a large vein from leg to the heart. 

The MitraClip device is then passed through the catheter and clipped to the mitral valve to properly 
close the valve.

MITRACLIP THERAPY

For some patients who have  
many other medical problems or 
are very ill, open-heart surgery  
may be considered as high risk.  
A minimally invasive procedure 
called the MitraClip procedure is 
the alternative option.

The MitraClip device is attached 
directly to the mitral valve, without 
opening the chest. To access the 
mitral valve, a catheter (a long, 
flexible tube) is guided through 
a large vein from the leg to reach 
the heart. The MitraClip device is 
then passed through the catheter 
and clipped to the mitral valve, 
allowing the valves to close more 
completely and therefore helps to 
restore normal blood flow through 
the heart.

Patients will be admitted one day 
before the procedure, and stay 
for another two to three days. The 
procedure is performed in the 
cardiac catheterisation laboratory 
with echocardiographic and x-ray 
guidance while the patient is under 
general anaesthesia. The whole 
procedure takes approximately 
three to four hours. Complex cases 
may require a longer procedure 
time and hospital stay. 

Thus far, the MitraClip has been used 
in over 50,000 patients worldwide. 
It has an excellent safety profile and 
demonstrates consistent results in 
terms of symptoms relief, reduction 
in mitral regurgitation as well as 
hospitalisation for heart failure.  
At the NHCS, more than 90 patients 
have undergone the MitraClip 
therapy since it was made available 
in Singapore in 2011.

The MitraClip procedure has its risks 
but the advantage is that it is less 
invasive than an open-heart surgery 
and requires a shorter recovery 
time. It gives hope to patients 
who are at high or prohibitive 
surgical risk, such as those who 
are elderly and frail, with multiple 
comorbidities (e.g. lung or kidney 
conditions) or have previous  
open-heart surgery. 

All illustrations in this article are courtesy of Abbott Structural Heart.

WHO IS SUITABLE FOR MITRACLIP THERAPY?

Patients with moderate to severe mitral regurgitation and 
require mitral valve intervention will be referred initially to a 
cardiac surgeon. If they are deemed unsuitable for surgery, 
referral will be made to a MitraClip physician. Further clinical 
examination and investigations will be performed. With this 
information, the MitraClip team comprising a cardiologist 
experienced in the MitraClip procedure, an echo cardiologist, 
a heart failure specialist and a cardiac surgeon, will meet and 
discuss if patient is suitable for this procedure. 
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W hen given a prescription with an increase in the amount of 
medication to consume, one may naturally be concerned and 
feel uneasy about the state of their health condition. Conversely, 

recent research shows that it is important to have medical therapies at the 
recommended guidelines for heart failure, whereby an uptitration of drugs 
dosage can result in better outcome for patients.

In a first-ever, multinational real-world data examination of prescription 
patterns and doses attained for guideline-directed medical therapies 
in Asian patients suffering from heart failure with HFrEF (refer to visual 
below), a team of researchers found that the guideline-directed medical 
therapies at recommended doses are under-utilised in these patients 
enrolled from across 11 Asian regions in the Asian Sudden Cardiac Death 
in Heart Failure (ASIAN-HF) registry. These findings were first published in 
The Lancet Global Health journal on September 2018. 

IMPROVED OUTCOMES 
FOR HEART FAILURE 
PATIENTS WHEN 
GUIDELINE-DIRECTED 
MEDICAL THERAPIES  
ARE FOLLOWED 

Research shows that current guidelines for medical 

therapies at recommended doses are under-utilised 

in patients with heart failure with reduced ejection 

fraction (HFrEF). With improved uptake and 

uptitration of guideline-directed medical therapies, 

better patient outcomes can be achieved. 

The research team, of which eight 
investigators are from Singapore, analysed 
prospective data of 5,276 HFrEF patients 
enrolled in the ASIAN-HF registry since 2012 
(where 1066 participants are from Singapore), 
and studied the prescription patterns and 
doses attained of guideline-directed medical 
therapies in Asian HFrEF patients, and the 
associations with patient outcomes. The 
research team made the following two 
observations: 

RECOMMENDED DOSES ARE  
UNDER-UTILISED

The current evidence-based guidelines 
for best practice recommend that HFrEF 
treatment consists of trial-directed doses 
for angiotensin-converting enzyme (ACE) 
inhibitors or angiotensin receptor antagonists 
(ARBs) and beta-blockers (ß blockers) [these 
medications help relax blood vessels] as first-
line therapy, and mineralocorticoid receptor 
antagonists (MRAs) as second-line therapy. 

Instead of combined therapy, it was 
observed that monotherapy – that is, only 
ACE inhibitors, ARB or ß blockers – has been 
prescribed. Despite regional variation across 
the countries in prescription patterns, the 
guideline-recommended combination of 
ACE inhibitors or ARB and ß blockers was 
prescribed in only 55% (or 2,914 patients) of 
the overall ASIAN-HF cohort of 5,276 HFrEF 
patients; Singapore fared slightly better with 
the two medications prescribed at 71%. The 
under-utilisation of such guideline-directed 
medical therapies at recommended doses was 
associated with poorer patient outcomes. 

WIDESPREAD UNDER-DOSING 

The failure to achieve the recommended 
doses of guideline-directed medical therapies 
was widespread. The recommended doses of 
ACE inhibitors or ARB were adhered to by only 
17% of the patients, compared with 13% for ß 
blockers and 29% for MRAs. 

When analysing the relationship between 
prescribed doses and one-year hospitalisation 
for heart failure or all-cause mortality rates 
in HFrEF patients, it was observed that 
even small doses of ACE inhibitors or ARB 
and ß blockers were associated with lower 
hospitalisation or mortality rates within a 
year, compared with no dose or non-usage 
in the overall ASIAN-HF cohort. However, full 
recommended doses were associated with 
the best outcomes. 
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KEY TAKEAWAYS

Ejection fraction is the percentage of blood pumped 
out by one’s heart to the rest of the body, and heart 
failure with reduced ejection fraction (HFrEF) is a 
type of heart failure where the ejection fraction is 
measured at less than 40%. 

HEART FAILURE WITH 
EJECTION FRACTION  

EXPLAINED 

%
(EF)

The current analysis represents essential registry data to help guide 
clinicians treating HFrEF in Asia, as there is no other contemporary data 
from across the region on prescription patterns and doses attained of 
guideline-directed medical therapies in patients with HFrEF. There is also 
limited data on heart failure in multi-regional Asians, who characteristically 
have smaller body sizes.

The Principal Investigator of ASIAN-HF, Professor Carolyn Lam  
(Senior Consultant from Department of Cardiology, and Director  
of Clinical Trials at the NHCS) said, 

The good news is that we are providing the 
appropriate types of therapies for the majority of 

our patients in Asia, and that even low doses of these 
medications are better than none. However, these data  
also highlight treatment gaps where we may improve upon. 
This is all the more important in Southeast Asian patients 
with heart failure, who are on average at least a decade 
younger than their US or European counterparts, and yet 
suffer more severe clinical symptoms and worse outcomes.”

“Our study’s findings support as well as 
provide valuable insights into the importance 
of guideline recommendations to start 
evidence-based therapies in those who are 
not receiving any therapy, and to increase the 
doses of ACE inhibitors or ARBs and ß blockers 
to the maximum level of toleration, to achieve 
maximum benefits among Asian patients with 
HFrEF,” added Dr Katherine Teng, first author of 
the research paper and Senior Research Fellow 
at the NHCS.

To address the knowledge and treatment gaps, 
the research findings suggest the need for 
interventions, such as enhancing the efforts 
and education among physicians to improve 
the uptake of evidence-based practices and 
uptitration of guideline-directed medical 
therapies in the management of heart failure 
patients; and raising awareness among patients 
on the importance of guideline-directed 
medical therapy at targeted doses.

PRESERVED EF

55-70%
IS PUMPED OUT AT  
EACH HEART BEAT.

MID-RANGE EF

41-49%
IS PUMPED OUT AT  
EACH HEART BEAT. 

REDUCED EF

≤ 40%
IS PUMPED OUT AT  
EACH HEART BEAT.

AMOUNT OF BLOOD
PUMPED OUT

FORMULA:

=AMOUNT OF BLOOD
IN THE CHAMBER
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S ome 100 students from the local 
Junior Colleges and Centralised 
Institutions turned up at the 

NHCS Lecture Theatre to attend the 
SingYouth Heart Lecture, which aims to 
spark youths’ interest in cardiovascular 
medicine, and hopefully, in turn become 
ambassadors of cardiac health among 
their family and student community. 

First was an interactive lecture and Q&A 
session on new heart disease therapies 
by NHCS cardiologists Dr Eric Lim and  
Dr Guna, followed by Dr Jonathan 
Yap who spoke about technology in 
healthcare. It was an eye-opener as 
students learned how technology 
advancements progress into the 
novel therapies used in heart disease 
treatments today. 

NURTURING THE NEXT 
GENERATION OF CARDIAC 
HEALTH AMBASSADORS 

Cultivating healthy lifestyles and habits from a young age is key 

to keeping most heart diseases at bay. At the 4th SingYouth Heart 

Challenge & Lecture, more than 70 high school and tertiary 

students submitted abstracts on cardiovascular disease research. 

SingYouth Heart Challenge is sponsored  
by Edwards Lifesciences Foundation.

It was certainly an enriching learning 
journey for the 28 teams who 
participated in the Challenge.

The Best Abstract was won by River Valley 
High School for their investigation on the 
different effects of waking during deep and 
light sleep.

Nanyang Junior College won the Best 
Poster, for their review on the effects of 
coffee consumption on cardiovascular risk 
factors among Asians. 

Guest-of-Honour, Dr Tong, shared his 
experience on performing the first heart 
transplant in Singapore. 

The Best Oral Presentation was awarded 
to Dunman High School, who presented 
on society’s receptiveness towards 
current hypertensive treatments, and the 
optimisation of available treatments.

Prior to the SingYouth Heart Lecture, the 
students had formed 28 teams to submit 
abstract papers and posters related to 
cardiovascular disease, and three teams 
were shortlisted to present their abstracts 
in front of a panel of judges on the 
day itself. The presentations were lively 
and engaging, and certainly kept the 
audience entertained.

As shared candidly by one of the 
student participant, “Our team’s project 
was a small one with a lot of learning 
potential. Seeing how other competing 
teams take on so many different 
directions and interpreting the topic 
in creative ways has really inspired me 
to be more creative when it comes to 
doing research. This Challenge has also 
raised our awareness on important 
health issues in our everyday lives, and I 
will take part in this competition again, 
if given the chance.”

Prizes were then given out for the 
Best Abstract, Best Poster and Best 
Oral Presentation. Congratulations go 
out to the three group winners, who 
were each awarded $500 courtesy of 
Edwards Lifesciences Foundation. It was 
an enriching learning experience for the 
teens, and it was great to see how they 
embraced the spirit of the Challenge 
with interest and enthusiasm! 

As Prof Terrance Chua, NHCS’s Medical 
Director, shared, “Since our launch 
in 2015, the number of student 
participants has grown. It’s heartening 
to see growing support from the 
schools for this educational event, 
which serves as a good learning 
platform for the students, our future 
generation, to gain insights into the 
world of cardiovascular disease, its 
prevention, and how treatments and 
research can help improve the lives of 
heart patients.” 

Old newspaper clippings, yellowish 
photographs and a close up shot of a 
sliced-up heart. Everyone’s attention 
was then on the Guest-of-Honour, 
renowned cardiothoracic surgeon  
Dr Tong Ming Chuan, as he related his 
compelling experience in leading the 
medical team to perform the first ever 
heart transplant surgery in Singapore 
in 1990, and shared about how the 
evolution of heart transplantation has 
benefitted heart patients in Singapore 
and Asia. 

MURMURS10



AUGUST 2018
Heart failure with mid-range ejection fraction in CHARM: 
characteristics, outcomes and effect of candesartan across 
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Prevalence, clinical correlates, and outcomes of anaemia in 
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Fractal analysis of right ventricular trabeculae in pulmonary 
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Responses of endothelial cells towards ischemic conditioning 
following acute myocardial infarction Cond Med. 2018 
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Remote ischemic conditioning in ST-segment elevation 
myocardial infarction - an update Cond Med. 2018 Aug;1(5):13-22

Impact of baseline hemodynamics on the effects of a 
transcatheter interatrial shunt device in heart failure 
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outcomes among patients undergoing primary percutaneous 
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Thrombogenicity at the jailed side branch ostia in provisional 
stenting technique: insights from an in vitro model 
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Regional variations in hospital management and post-
discharge mortality in patients with non-ST-segment 
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Sep;107(9):836-844. doi: 10.1007/s00392-018-1254-y

Advanced analyses of computed tomography coronary 
angiography can help discriminate ischemic lesions Int J 
Cardiol. 2018 Sep 15;267:208-214. doi: 10.1016/j.ijcard.2018.04.020

Cardiac resynchronisation therapy in paediatric patients with 
pacing induced cardiomyopathy - A single centre experience 
Indian Pacing Electrophysiol J. 2018 Sep - Oct;18(5):180-182. doi: 
10.1016/j.ipej.2018.05.002

Correlation with invasive left ventricular filling pressures 
and prognostic relevance of the echocardiographic diastolic 
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Prescribing patterns of evidence-based heart failure 
pharmacotherapy and outcomes in the ASIAN-HF registry: a 
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Solid organ transplantation in Singapore Transplantation. 2018 
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Normal values of myocardial deformation assessed by 
cardiovascular magnetic resonance feature tracking in a 
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Identifying pathophysiological mechanisms in heart failure 
with reduced versus preserved ejection fractio J Am Coll Cardiol. 
2018 Sep 4;72(10):1081-1090. doi: 10.1016/j.jacc.2018.06.050

Factors determining fast-track failure post cardiac surgery Ann 
Heart 2018, 3(1):55-59, Volume 3 | Issue 1

Study protocol for a cohort study of patients with advanced 
heart failure in Singapore BMJ Open. 2018 Sep 17;8(9):e022248. 
doi: 10.1136/bmjopen-2018-022248

The inaugural SingHealth uniportal video-assisted 
thoracoscopic surgery masterclass in Singapore J Vis Surg 
2018;4:200, doi: 10.21037/jovs.2018.09.01

Associations between understanding of current treatment 
intent, communication with healthcare providers, preferences 
for invasive life-sustaining interventions and decisional 
conflict: results from a survey of patients with advanced heart 
failure in Singapore BMJ Open. 2018 Sep 19;8(9):e021688. doi: 
10.1136/bmjopen-2018-021688

Quantification of biventricular strains in heart failure with 
preserved ejection fraction patient using hyperelastic 
warping method Front Physiol. 2018 Sep 19;9:1295. doi: 10.3389/
fphys.2018.01295

Renal function and exercise training in ambulatory heart 
failure patients with a reduced ejection fraction Am J Cardiol. 
2018 Sep 15;122(6):999-1007. doi: 10.1016/j.amjcard.2018.06.011

Validation of right coronary artery lumen area from cardiac 
computed tomography against intravascular ultrasound 
Machine Vision and Applications, DOI: https://doi.org/10.1007/
s00138-018-0978-z

OCTOBER 2018
HEART score performance in Asian and Caucasian patients 
presenting to the emergency department with suspected 
acute coronary syndrome Eur Heart J Acute Cardiovasc Care. 2018 
Oct;7(7):591-601. doi: 10.1177/2048872617700870

CardioClassifier: disease- and gene-specific computational 
decision support for clinical genome interpretation Genet Med. 
2018 Oct;20(10):1246-1254. doi: 10.1038/gim.2017.258

Maturation of pluripotent stem cell-derived cardiomyocytes: a 
critical step for drug development and cell therapy J Cardiovasc 
Transl Res. 2018 Oct;11(5):375-392. doi: 10.1007/s12265-018-9801-5

Outcomes in patients treated with ticagrelor versus 
clopidogrel after acute myocardial infarction stratified by 
renal function Heart. 2018 Oct;104(19):1575-1582. doi: 10.1136/
heartjnl-2017-312436

Regulation of blood pressure by targeting CaV1.2-Galectin-1 
Protein Interaction Circulation. 2018 Oct 2;138(14):1431-1445. doi: 
10.1161/CIRCULATIONAHA.117.031231

Comparative analysis of right heart chamber remodeling after 
surgical and device secundum atrial septal defect closure in 
adults J Interv Cardiol. 2018 Oct;31(5):672-678. doi: 10.1111/joic.12528

Sex- and age-based differences in the natural history and 
outcome of dilated cardiomyopathy Eur J Heart Fail. 2018 
Oct;20(10):1392-1400. doi: 10.1002/ejhf.1216

The association between blood pressure and long-term 
outcomes of patients with ischaemic cardiomyopathy with 
and without surgical revascularization: an analysis of the 
STICH trial Eur Heart J. 2018 Oct 1;39(37):3464-3471. doi: 10.1093/
eurheartj/ehy438

Male patients with longstanding type 2 diabetes have a 
higher incidence of hypoglycemia compared with female 
patients Diabetes Ther. 2018 Oct;9(5):1969-1977. doi: 10.1007/
s13300-018-0492-3

Secondary tricuspid regurgitation in patients with left 
ventricular systolic dysfunction: cause for concern or innocent 
bystander Eur Heart J. 2018 Oct 14;39(39):3593-3595. doi: 10.1093/
eurheartj/ehy522

Prevalence and correlates of coronary microvascular 
dysfunction in heart failure with preserved ejection fraction: 
PROMIS-HFpEF Eur Heart J. 2018 Oct 1;39(37):3439-3450. doi: 
10.1093/eurheartj/ehy531

Rivaroxaban in patients with heart failure, sinus rhythm, and 
coronary disease N Engl J Med. 2018 Oct 4;379(14):1332-1342. doi: 
10.1056/NEJMoa1808848

Design and in vitro release study of siRNA loaded Layer 
by Layer nanoparticles with sustained gene silencing 
effect Expert Opin Drug Deliv. 2018 Oct;15(10):937-949. doi: 
10.1080/17425247.2018.1518426

Overview of the current status of familial 
hypercholesterolaemia care in over 60 countries - The EAS 
Familial Hypercholesterolaemia Studies Collaboration 
(FHSC) Atherosclerosis. 2018 Oct;277:234-255. doi: 10.1016/j.
atherosclerosis.2018.08.051

Facilitating noncardiac surgery for the patient with left 
ventricular assist device: A guide for the anesthesiologist 
Ann Card Anaesth. 2018 Oct-Dec;21(4):351-362. doi: 10.4103/aca.
ACA_239_17

Stem cell homing: A potential therapeutic strategy unproven 
for treatment of myocardial injury J Cardiovasc Transl Res. 2018 
Oct;11(5):403-411. doi: 10.1007/s12265-018-9823-z

High-sensitivity cardiac troponinsin cardio-healthy subjects: A 
cardiovascular magnetic resonance imaging study Sci Rep. 2018 
Oct 18;8(1):15409. doi: 10.1038/s41598-018-33850-9

Metabolomic correlates of aerobic capacity among elderly 
adults Clin Cardiol. 2018 Oct;41(10):1300-1307. doi: 10.1002/clc.23016

NOVEMBER 2018
Complex coronary bifurcation treatment by a novel stenting 
technique: Bench test, fluid dynamic study and clinical 
outcomes Catheter Cardiovasc Interv. 2018 Nov 1;92(5):907-914. doi: 
10.1002/ccd.27494

A multicenter post-marketing evaluation of the Elixir DESolve® 
Novolimus-eluting bioresorbable coronary scaffold system: 
First results from the DESolve PMCF study Catheter Cardiovasc 
Interv. 2018 Nov 15;92(6):1021-1027. doi: 10.1002/ccd.27550

Automated diagnosis of arrhythmia using combination 
of CNN and LSTM techniques with variable length heart 
beats Comput Biol Med. 2018 Nov 1;102:278-287. doi: 10.1016/j.
compbiomed.2018.06.002

LDL extracellular vesicle coagulation protein levels change 
after initiation of statin therapy. Findings from the METEOR 
trial Int J Cardiol. 2018 Nov 15;271:247-253. doi: 10.1016/j.
ijcard.2018.05.098

Automated detection of atrial fibrillation using long 
short-term memory network with RR interval signals 
Comput Biol Med. 2018 Nov 1;102:327-335. doi: 10.1016/j.
compbiomed.2018.07.001

A novel automated diagnostic system for classification 
of myocardial infarction ECG signals using an optimal 
biorthogonal filter bank Comput Biol Med. 2018 Nov 
1;102:341-356. doi: 10.1016/j.compbiomed.2018.07.005

Normal reference values for assessing diastolic function 
using the parameterized diastolic filling formalism 
method in patients with normal results of rest and stress 
echocardiography Ultrasound Med Biol. 2018 Nov;44(11):2261-
2266. doi: 10.1016/j.ultrasmedbio.2018.06.014

Comparing biomarker profiles of patients with heart 
failure: atrial fibrillation vs. sinus rhythm and reduced 
vs. preserved ejection fraction Eur Heart J. 2018 Nov 
14;39(43):3867-3875. doi: 10.1093/eurheartj/ehy421

Arrhythmia detection using deep convolutional neural 
network with long duration ECG signals Comput Biol Med. 
2018 Nov 1;102:411-420. doi: 10.1016/j.compbiomed.2018.09.009

Using matrix assisted laser desorption ionisation mass 
spectrometry (MALDI-MS) profiling in order to predict 
clinical outcomes of patients with heart failure Clin 
Proteomics. 2018 Nov 2;15:35. doi: 10.1186/s12014-018-9213-1

Incidence and predictors of left ventricular thrombus by 
cardiovascular magnetic resonance in acute ST-segment 
elevation myocardial infarction treated by primary 
percutaneous coronary intervention: A meta-analysis 
J Cardiovasc Magn Reson. 2018 Nov 8;20(1):72. doi: 10.1186/
s12968-018-0494-3

Validation of a rapid semi-automated method to assess left 
atrial longitudinal phasic strains on cine cardiovascular 
magnetic resonance imaging J Cardiovasc Magn Reson. 2018 
Nov 5;20(1):71. doi: 10.1186/s12968-018-0496-1

Association of weather with day-to-day incidence of 
myocardial infarction: A SWEDEHEART nationwide 
observational study JAMA Cardiol. 2018 Nov 1;3(11):1081-1089. 
doi: 10.1001/jamacardio.2018.3466

The prostaglandin H2 analog U-46619 improves the 
differentiation efficiency of human induced pluripotent 
stem cells into endothelial cells by activating both 
p38MAPK and ERK1/2 signaling pathways Stem Cell Res Ther. 
2018 Nov 15;9(1):313. doi: 10.1186/s13287-018-1061-4

Age-related changes in four-dimensional CMR-derived 
atrioventricular junction velocities and displacements: 
Implications for the identification of altered annular 
dynamics for ventricular function assessment Int J Cardiol 
Heart Vasc. 2018 Nov 16;22:6-12. doi: 10.1016/j.ijcha.2018.11.001

Radiopaque fully degradable nanocomposites for 
coronary stents Sci Rep. 2018 Nov 27;8(1):17409. doi: 10.1038/
s41598-018-35663-2

The efficacy, safety, and tolerability of additional serelaxin 
administration to standard therapy in Asian patients with 
acute heart failure: The RELAX-AHF-ASIA trial J ournal of 
Cardiac Failure, Volume 24, Issue 11, November 2018, Page 812, 
https://doi.org/10.1016/j.cardfail.2018.11.007 

DECEMBER 2018
Hybrid PET/CT and PET/MRI imaging of vulnerable 
coronary plaque and myocardial scar tissue in acute 
myocardial infarction J Nucl Cardiol. 2018 Dec;25(6):2001-2011. 
doi: 10.1007/s12350-017-0918-8

Comparable perioperative outcomes and mid-term 
survival in prosthetic valve endocarditis and native valve 
endocarditis Eur J Cardiothorac Surg. 2018 Dec 1;54(6):1067-
1072. doi: 10.1093/ejcts/ezy191

OPLAH ablation leads to accumulation of 5-oxoproline, 
oxidative stress, fibrosis and elevated fillings pressures: a 
murine model for heart failure with a preserved ejection 
fraction Cardiovasc Res. 2018 Dec 1;114(14):1871-1882. doi: 
10.1093/cvr/cvy187

Fatty acid metabolism driven mitochondrial bioenergetics 
promotes advanced developmental phenotypes in human 
induced pluripotent stem cell derived cardiomyocytes Int J 
Cardiol. 2018 Dec 1;272:288-297. doi: 10.1016/j.ijcard.2018.08.069

Screening, diagnosis and treatment of iron deficiency in 
chronic heart failure: putting the 2016 European Society of 
Cardiology heart failure guidelines into clinical practice Eur 
J Heart Fail. 2018 Dec;20(12):1664-1672. doi: 10.1002/ejhf.1305

Multi-dimensional proprio-proximus machine learning 
for assessment of myocardial infarction Comput 
Med Imaging Graph. 2018 Dec;70:63-72. doi: 10.1016/j.
compmedimag.2018.09.007

Markers of left ventricular systolic dysfunction when left 
ventricular ejection fraction is normal Eur J Heart Fail. 2018 
Dec;20(12):1636-1638. doi: 10.1002/ejhf.1326

Improving the utilization of implantable cardioverter 
defibrillators for sudden cardiac arrest prevention 
(improve SCA) in developing countries: Clinical 
characteristics and reasons for implantation refusal Pacing 
Clin Electrophysiol. 2018 Dec;41(12):1619-1626. doi: 10.1111/
pace.13526

RESEARCH PUBLICATIONS  
AUGUST – DECEMBER 2018

11

www.nhcs.com.sg  

September – December 2018



ASSOC PROF YE LEI
Associate Professor 

ASSOC PROF TAN JU LE
Adjunct Associate Professor 

ASSOC PROF SIM 
KHENG LENG DAVID
Adjunct Associate Professor 

ASSOC PROF KENG 
YUNG JIH FELIX
Adjunct Associate Professor 

ASSOC PROF CHIN 
CHEE TANG 
Adjunct Associate Professor 

ASSOC PROF ZHONG 
LIANG
Associate Professor 

MS CATHERINE ANG 
LAY ENG 
Chief Financial Officer 

ASST PROF TAN  
TEING EE
Chief Medical Informatics Officer 

ASSOC PROF CHIN  
CHEE TANG
Chief Risk Officer 

DR SOO ING XIANG
Consultant, Department  
of Cardiothoracic Surgery 

APPOINTMENTS WITH DUKE-NUS MEDICAL SCHOOL

APPOINTMENTS AND PROMOTIONS 

JOIN US!
For more details, please refer to https://www.nhcs.com.sg/ 
education-training/continuing-education/Pages/
Courses-open-to-the-public.aspx.

BASIC CARDIAC LIFE SUPPORT (BCLS) + AUTOMATED EXTERNAL DEFIBRILLATOR (AED) CERTIFICATION COURSE

This programme aims to equip participants with the skills of CPR and foreign body airway obstruction for adult, child and infant 
casualties, and the use of an AED in an adult collapse victim.

SUITABLE FOR: Medical professionals / Nursing professionals / 
Paramedics / General public

DURATION: 1 day, 8am to 5pm

CURRENT  
AVAILABLE DATES:  16 April / 25 April / 30 May / 13 June / 20 June

VENUE: NHCS, Level 11 – Nursing Development Unit, 
5 Hospital Drive, Singapore 169609

COURSE FEES: S$214 (with GST)

To register, kindly contact Ms Nazeera at email  
ndu@nhcs.com.sg or tel (65) 6704 2151.

MURMURS12

We value your feedback. For comments or queries on Murmurs, please email us  
at nhcs@nhcs.com.sg.

All rights reserved. No part of this publication is to be quoted or reproduced without the permission of National 
Heart Centre Singapore (Registration no. 199801148C). The information in this publication is meant for educational 
purposes and should not be used as a substitute for medical diagnosis or treatment. Please consult your doctor 
before starting any treatment or if you have any questions related to your health or medical condition.

ADVISORS 
Prof Terrance Chua 

Prof Koh Tian Hai

MEDICAL EDITOR 
Dr Sahlén Anders

EDITORIAL TEAM

NHCS Corporate Communications


