
JANUARY - JUNE 2020

MEDICAL DIGEST
MCI (P) 063/09/2019

11 Jalan Tan Tock Seng
Singapore 308433

Tel: 6256 6011
Fax: 6252 7282

www.ttsh.com.sg

Medical Digest is a quarterly publication of Tan Tock Seng Hospital 
written by healthcare providers for healthcare providers, as a service  

to the medical community.

CONTENTS
TTSH RESEARCH NEWS

NOVEL CORONAVIRUS AND  
TAN TOCK SENG HOSPITAL

DIRECT ORAL ANTICOAGULANTS (DOACS)  
– A QUICK OVERVIEW

HYPERTENSION – WHAT’S NEW IN  
ITS MANAGEMENT

DAY REHABILITATION CENTRES IN SINGAPORE

DIABETES AND HEART FAILURE - AN UPDATE ON 
THE RECENT CARDIOVASCULAR OUTCOME TRIALS

RADIOLOGY QUIZ

ECG QUIZ



FROM THE EDITOR
In the past few months, every human activity has been 
affected by COVID-19: medicine, politics, arts, travel 
and leisure, food and catering, sports, transport and 
anything else you can think of. But we can be sure that 
we will learn to deal with the virus. However, people 
who are difficult to us will never go away and knowing 
how to handle them will only benefit us. 

Of course, our ideas are not original. In fact, they 
are stolen from the 22 Jan 2020 BBC World Service 
documentary Disagreeing Better. The conclusions 
of the presenter will turn on the lightbulb inside 
your brain – “For me, disagreeing better all comes 
down to these four steps. First, aim for empathy, by 
really listening. Be open to seeing each other in all 
our shared and nuanced humanity. Second, speak 
truthfully, really truthfully. Civility is fine, but fierce 
honesty is a stronger foundation. Third, don’t assume 
you know someone else’s motives. Contempt is a 
killer, and a dead end. No one has ever been insulted 
into agreement. And fourth, don’t aim for the middle 
ground. Splitting the difference isn’t the answer when 
you fundamentally disagree. Instead, work hard to find 
a common ground: experiences, passions, hopes that 
you nonetheless share. These are easy to describe, 
but hard to do. But I have come to believe that they 
are the best vaccine against all the stereotyping, the 
abuse, the sheer ugliness. It isn’t about doing things 
to people, but with people. And everyone of us can 
respond to the crisis that most of us feel”. 

In my experience in healthcare, I have seen the 
spectrum of response to difficult people, from outright 
antagonism to grudging acceptance. On the whole, 
‘difficult people’ don’t think they’re difficult, and are 
not trying to be difficult. They think their point of view 
is right, and that nobody else can see it. We must talk 
to, and understand, these colleagues. Maybe they are 
right and we are wrong! On the other hand, if they can 
be assisted to see that their views differ so much from 
the rest, they may leave for another place where they 
can find acceptance. 

I have attended many retreats. They tend to consist 
of team-building games, description of very broad 
plans by the leaders (which have already been decided 
upon), draggy break-out group discussions, and 
slightly cheery take-home messages. I would love to 
go to a retreat in which people bravely speak truthfully 
about what’s troubling them, and people dig into their 
hearts to find real answers to tough issues.  
And, really start to implement the solutions next 
Monday morning.

If we ignore a deep-rooted problem because of civility 
and politeness, we will stagnate. We will die a slow 
death, tail-spinning into irrelevance and oblivion.  
More than one clinical department has gone the way 
of Ozymandias. 

2020 is a year of many challenges. The Editorial team 
of Medical Digest wishes you great success in riding 
the waves.

Dr Leong Khai Pang
EDITOR
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SMEAR-POSITIVE PULMONARY TUBERCULOSIS 
PATIENTS WITH PREVIOUSLY ABNORMAL CHEST 
RADIOGRAPHS: MISSED OPPORTUNITIES FOR  
EARLY DIAGNOSIS
Galamay LC, Chee CBE, Khin Mar KW, Lau BQ & Wang YT. Singapore Med J 2020; 1 – 11.

Tuberculosis (TB), the air-borne infectious disease 
caused by the bacterium Mycobacterium tuberculosis, 
remains a public health threat worldwide with over 10 
million cases and 1.6 million deaths per year. As in many 
Asian countries, TB is endemic in Singapore. Data from 
the Ministry of Health shows that Singapore continues 
to see an average of 1,510 new cases of TB annually. 
To mitigate widespread community transmission of 
this airborne disease, early detection and treatment 
remain key strategies in Singapore’s TB control efforts. 
The authors observed that some TB patients, whose 
diagnosis was confirmed through acid-fast bacilli (AFB) 
smear-positive sputum, had abnormal chest X-rays 
(CXRs) in their hospital electronic medical records 
(EMRs) preceding TB diagnosis which unfortunately did 
not trigger any appropriate follow-up investigations. 

This is a retrospective study of all newly-diagnosed, 
sputum AFB smear-positive pulmonary TB (PTB) 
patients from a single institution from January to July 
2014. Paper medical notes and EMRs of 254 PTB patients 
were reviewed. 108 (42.5 %) patients had prior CXRs in 
their EMRs, with 49 (45.4 %) of them having abnormal 
CXRs. Of these 49, 39 (59.2 %) patients’ abnormal CXRs 
had findings compatible with PTB. Furthermore, 35 of 
the 39 (89.7 %) had disease progression since the first 
available abnormal CXR, and 21 of the 39 (53.8 %) had 
additional abnormal CXRs predating the PTB diagnosis. 
The median (range) duration between the first abnormal 
CXR and PTB diagnosis was 14 (1.2 – 107.6) months. 

Almost 70 % (of the 39 patients with abnormal CXR 
findings suggestive of PTB) were diagnosed more than 
6 months after the first abnormal CXR, while over half 
(53.8 %; 21 of the 39 patients) were diagnosed more than a 
year after the initial abnormal CXR. In the CXR reports 
of the 39 patients whose abnormal CXRs were suggestive 
of PTB, descriptions compatible with PTB such as 
opacity and consolidation were used in 29 reports, while 
other TB-relevant terms such as scarring, tuberculosis, 
fibrosis and granuloma were used in 14 reports. Despite 
the highly suggestive CXR findings and documented 
descriptions, no follow-up action was taken for 24 of  
the 39 (61.5 %) patients.

IMPORTANCE IN CLINICAL PRACTICE
Early detection and treatment of active TB is the 
highest priority in TB control. A delay in diagnosis  
not only impedes timely treatment for the patient,  
but also prolongs the exposure of the infectious  
patient to his/her close contacts; this could portend 
rapid and uncontrolled community transmission 
subsequently. Increased vigilance is necessary to 
immediately recognise abnormal CXRs with  
features suggestive of TB and undertake timely 
and appropriate action thereafter.

This summary was prepared by the editorial team of Medical Digest.
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Self-management of type 2 diabetes mellitus (T2DM) 
during Ramadan may be challenging for observant 
Muslims who have to abstain from food and fluids 
(including medications) from dawn to dusk. Apart  
from causing metabolic changes, fasting may also 
increase the risk of diabetes-related complications s 
uch as hypoglycaemia, dehydration and thrombosis. 
Muslim diabetic patients experience challenges in 
balancing self-management requirements  
(diet and medication) with the sociocultural  
demands of Ramadan observance. Currently,  
there is no standard practice or culturally tailored  
tool for the management of T2DM among Muslims  
who fast during Ramadan.

This was a prospective, multicenter, open-label,  
parallel-group, randomized controlled trial conducted 
over a period of 2 Ramadan cycles (from 2017 to 2018)  
to evaluate the efficacy and safety of the Fasting 
Algorithm for Singaporeans with Type 2 Diabetes 
(FAST) tool. FAST is an empowerment-based, 
collaborative, stepwise clinical decision-making tool 
with risk assessment screening, Ramadan-specific 
patient education with self-monitoring of blood glucose 
(SMBG) with novel self-dose adjustment guidance, and 
structured glucose-lowering medication modification 
guidance for health care clinicians. Participants who 
were randomized to the FAST intervention showed a 
significant decrease in mean HbA1c level from before to 
after Ramadan that was 4-fold that of the controls (- 0.4 
% vs. – 0.1 %, P < 0.05). The mean fasting plasma glucose 
(FPG) level for the intervention group decreased from 
123.7 mg/dL (pre-Ramadan) to 122.4 mg/dL  
(post-Ramadan); this improvement was sustained at 
3-months follow-up (120.1 mg/dL). However, the control 
group experienced an increase in mean FPG levels:  
118.6 mg/dL (pre-Ramadan) to 134.3 mg/dL (post-
Ramadan) and subsequently, 139.5 mg/dL (3-month 
follow-up). While there were no self-reported major 
hypoglycaemia events experienced by either group,  
the control group had more minor hypoglycaemia  
events during Ramadan; this however was not 
statistically significant. 
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IMPORTANCE IN CLINICAL PRACTICE
A support tool with empowerment characteristics, 
such as FAST, facilitates informed decision-making 
and self-management of patients’ T2DM during 
Ramadan; it also allows greater improvement in 
glycaemic control. There is a need for tailored 
education to equip Muslim diabetics with the requisite 
knowledge and skills to allow them to have a safe 
fasting experience during Ramadan, and to enable 
them to recognize and prevent or manage fasting-
related complications such hypoglycaemia. 

This summary was prepared by the editorial team of Medical Digest.

EFFICACY AND 
SAFETY OF USE 
OF THE FASTING 
ALGORITHM FOR 
SINGAPOREANS WITH 
TYPE 2 DIABETES 
(FAST) DURING 
RAMADAN:  
A PROSPECTIVE, 
MULTICENTER, 
RANDOMIZED 
CONTROLLED TRIAL
Lum ZK, Khoo ZR, Toh WYS, Kamaldeen SAK, Shakoor A, Tsou 
KYK, Chew DEK, Dalan R, Kwek SC, Othman N, Lian JX, Sunari RN 
& Lee JY. Ann Fam Med. 2020; 18(2): 139 – 147.

NOVEL CORONAVIRUS AND  
TAN TOCK SENG HOSPITAL
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Strachey began his book Eminent Victorians (1918) thus: 
‘The history of the Victorian Age will never be written; 
we know too much about it’. Indeed, we are deluged 
with information about the COVID-19 outbreak now 
that another article seems superfluous. Nonetheless, 
we try to capture the thoughts and feelings of a few 
individuals at the frontline in the COVID-19 outbreak,  
as it is unfolding. We wrote this in early May 2020, so 
our ongoing story must necessarily end in April. We 
decided to tell the story chronologically, reflecting the 
measures we took in TTSH with national and world 
events. We warn readers susceptible to vertigo that  
there will be much travelling around the world.   

December 2019 – Distant rumbling
• The world
The infection began in Wuhan on 8 December 2019,  
or did it?1 Was the Wuhan Huanan Seafood Wholesale 
Market the source of the earliest infections? Was the 
virus created and leaked from Wuhan Institute of 
Virology? Many of the earliest COVID-19 patients, 
including the first one, actually had no links to the 
market.2 Genetic analysis suggests that the virus is not 
man-made. The receptor-binding domain on the virus  
is not optimised for the human ACE2 while that for 
SAR-CoV is. If the virus is man-made, higher affinity 
binding would have been engineered. The template of 
the virus is not based on known coronaviruses.3 There 
are now seven coronaviruses divided into two genera 
known to affect humans: SARS-CoV-2, SARS-CoV, 
MERSCoV, HKU1 and OC 43 are betacoronaviruses 
while 229E and NL63 are alphacoronaviruses. Besides 
the first three viruses that cause can severe illnesses,  
the rest are responsible for 15-30% of common colds.4  
The Washington Post reported that there is no  
evidence that coronavirus escaped from the Wuhan 
Institute of Virology. The Wuhan team leader,  
Dr Shi Zhengli, said that she would ‘bet her life’  
that the outbreak had ‘nothing to do with the lab’.5 
The worldwide reputation of Dr Shi is sterling.  
Anyway, it will take some time before we reach a 
consensus about the origins of the virus.

The first case in China was reported to the WHO China 
Country Office on 31 December.1,6 Associate Professor 
Timothy Barkham, senior consultant in the Department 
of Laboratory Medicine, thought, “I wondered what 
was so different about these cases to make someone 
take notice. Most cases of pneumonia have an unknown 
aetiology. Wow, are they especially astute or are we not 
hearing the whole story?”

• Singapore 
Dr Shawn Vasoo, Clinical Director of the National 
Centre for Infectious Diseases (NCID) and Senior 
Consultant in the Department of Infectious Diseases 
at Tan Tock Seng Hospital, recalled that it was in late 
December that “… news of the outbreak started to 
get around. Alerts went out through the ID dept and 
community in Singapore.” 

The NCID officially opened on 7 September 2019, 
without anyone knowing that it was not a moment  
too soon.  

Mr Gan Kim Yong, Minister of Health, said, “In the 
past two decades, Singapore had experienced several 
emerging infectious disease outbreaks, including Nipah 
in 1999/2000, Severe Acute Respiratory Syndrome 
(SARS) in 2003, pandemic influenza A(H1N1) in 2009, 
and Zika in 2016. Novel infectious diseases continue 
to emerge in many parts of the world, with diseases 
such as avian influenza, the Middle East Respiratory 
Syndrome (MERS) and Ebola causing concern about 
the risk of spreading to more regions … The threat 
of infectious diseases is ever present, and it is critical 
that we continue to forge strong partnerships between 
healthcare professionals and institutions, policy-makers, 
researchers and academics, and the community, in order 
to be able to overcome these challenges.”
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Figure 1. A view of National Centre for Infectious Diseases from Tan Tock 
Seng Hospital. 

Dr Eugene Soh, CEO of Tan Tock Seng Hospital, wrote 
in an email commemorating the opening, “Set up by the 
Ministry of Health, NCID is Singapore’s dedicated 
national-level entity that serves as the leading authority 
in establishing clearly defined public health mandates 
and acts in the best interest of our nation’s health in the  
fight against infectious diseases. It is operationally 
integrated with Tan Tock Seng Hospital to ensure ID 
patients receive the best care both in peacetime and 
should an outbreak occur.”  

January 2020 – Imminence 
• The world
The Chinese authorities closed the Wuhan Market on  
1 January. On 11 January, a 61-year-old man in China has 
become the first person to die of the infection, which 
so far affected 41 people there. The Wuhan health 
commission said that the man, who also suffered from 
chronic liver disease, died of “respiratory failure and 
severe pneumonia.” On 14 January, Channel News Asia 
reported Maria Van Kerkhove, acting head of 
WHO’s emerging diseases unit, saying, 
“From the information that we have 
it is possible that there is limited 
human-to-human transmission, 
potentially among families, but it is 
very clear right now that we have 
no sustained human-to-human 
transmission.” Dr Vasoo was  
sceptical of this reassurance. 

The first case of COVID-19 infection 
in the USA, a 35-year-old man with 
recent travel history to Wuhan, was 
diagnosed on 20 January.10 The western 
media was only beginning to report on the 
disease. Washington Post of 21 January warns of a 
‘quickly spreading virus’ in China.

Transmission to healthcare workers was always a 
concern. On 21 January, Wuhan reports the fourth death 
from the virus infection in China, with the total number 
of people diagnosed with the new virus at 218. Fifteen 
healthcare workers were diagnosed with the disease. 

In an interview with CCTV, Dr Zhong Nanshan, of the 
National Health Commission, said, “Currently, it can 
be said it is affirmative that there is the phenomenon of 
human-to-human transmission.” Wuhan was placed in 
lockdown on 23 January, followed by the same for the 
entire Hubei province the next day. Detailed analysis 
subsequently proved the effectiveness of the city-
wide quarantine, estimating that 774,000 cases were 
prevented.11 It was shown that the date of onset and the 
size of the outbreaks in other Chinese cities are related 
to the number of Wuhan travellers they receive. The 
authors reported that in the 15 days prior to Chinese 
New Year in 2017 and 2018, an average of 5.2 million 
people left Wuhan. From 11 to 23 January 2020, prior to 
the lockdown, 4.3 million did exit Wuhan. In 2017 and 

2018, an average of 6.7 million left Wuhan in the 25 days 
after Chinese New Year, but this exodus was  
entirely prevented in 2020, cutting off the spread  
from the epicentre. 

On 25 January, China Global Television Network 
reported that Dr Liang Wudong, 62, a doctor at Hubei 
Xinhua Hospital, died from the virus infection. On 30 
January, WHO declared the outbreak a Public Health 
Emergency of International Concern (PHEIC). On that 
day, there were 7,736 cases and 170 deaths in China, and 
1,073 cases with no deaths in the rest of the world.

• Singapore 
The Singapore Ministry of Health announced that, as  
“… a precautionary measure, MOH has alerted all medical 
practitioners to be vigilant to look out for suspected 
cases with pneumonia who have recently returned from 
Wuhan,” reported Channel News Asia on 2 January. The 
NCID/TTSH outbreak committee was convened on the 

same day. Dr Barkham recalled, “Discussed the 
‘news noise’ with colleagues. The focus being 

whether we needed to create a diagnostic 
test. Uncertain.”

The same Channel News Asia article 
also makes comparison with the 
SARS outbreak of November 2002 
to July 2003. That virus infected 
more than 8,000 people around the 
world. In Singapore, 238 people were 

infected and 33 died. Dr Vasoo thought 
that the virus was “very reminiscent 

of SARS. That there was no “human-
to-human” spread was quite unbelievable 

despite early Chinese claims”.

It turned out that the analogy with SARS contained 
pitfalls. COVID-19 can be transmitted by asymptomatic 
infected people, unlike SARS. COVID-19 was more 
infective than SARS. The truth of one analogy that is yet 
to be known: that the disease will go away spontaneously 
come summer.

On 4 January, Singapore received her first scare.  
A three-year-old girl with travel history to Wuhan was 
hospitalised for pneumonia. She did not have the viral 
infection. The second occurred on 10 January. At 10am, 
the Ministry of Health has been notified of a 26-year-old 
male Chinese national with pneumonia, who had travel 
history to Wuhan. He also turned out not to be infected.

Mr Yong Keng Kwang, Chief Nurse of TTSH, has  
these thoughts about preparedness: “To be ‘ready’  
and fairly ‘confident’, we had the drills/exercises to  
thank for. We just finished a MOH exercise in last 
quarter of 2019 on ‘Pathogen X’ and while we did 
grumble about the constraints and sometimes 
‘unrealistic’ (or ‘unimaginable’) scenarios, it did help 
to resolve some disagreements and uncertainties over 
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the approaches to patient management. Banking on our 
experiences with SARS in 2003 and H1N1 in 2009, we 
also had drawer plans on concurrent management of 
non-clinical issues, like staff welfare. While there might 
be more refined applications for each context, these 
drawer plans helped us to address many common issues 
in advance e.g. we were expecting issues associated with 
accommodation, transport and food for staff, and were 
able to work with relevant agencies/stakeholders early and 
elicit a quicker response when they did surface. We really 
should not forget how useful these drawer plans can be!”

Dr Barkham said, “nCoV sequences became available, 
thanks to scientists in Wuhan, and the global sequence 
repository on the GISAID platform, which was arranged 
by one of our team that make our nCoV test. This allowed 
people to share sequences, so everyone can work on them 
to make kits, start thinking about vaccines etc etc. Dr 
Masafumi Inoue completed three designs for nCoV assay; 

he and Dr Sebastian Maurer-Stroh are the two friends, 
from A*STAR, that I have been working with since 2003  
to prepare TTSH for new infectious threats. We couldn’t 
test the newly designed tests without a positive sample,  
so we didn’t know whether the designs worked. We could 
not optimise and make adjustments. We just had to sit 
and wait.”

On 21 January, TODAY newspaper reported that the 
National Centre for Infectious Diseases (NCID) is to be 
the first line of defence against the Wuhan virus, should it 
land in Singapore. NCID executive director Prof Leo Yee 
Sin said, ““Singapore is very well-connected regionally as 
well as globally. We need to be ready, because we cannot 
confidently rule out the possibility of receiving a case of 
this novel coronavirus … So the healthcare system is now 
being put on alert… We have such capacity in terms of 

the availability of the isolation beds, as well as trained 
individuals to be able to step up to the role, to be able to 
support the ministry in outbreak readiness ... We will do 
our best.”

Dr Barkham thought at that point, “A little worrying  
as we hadn’t heard of anyone growing and offering 
positive control material. When will we be able to set  
up our assays? Keep focusing on the downside of the tests 
people are using; they use two to three targets, so are very 
wasteful and we don’t want to do that. We had been very 
frustrated by the lack of positive control material; no one 
was sharing it so we could not use our assays. Our own 
synthetic positive control had not been delivered; it was 
being made in the USA.” 

Singapore convened a ministerial task force to manage 
the outbreak on 22 January, chaired by Mr Gan Kim Yong 
and Mr Lawrence Wong. This was opportune as the first 

imported case in Singapore was diagnosed on the next 
day. A 66-year-old Wuhan resident arrived in Singapore 
with his family on Jan 20, flew from Guangzhou via China 
Southern flight CZ351. He was treated at the Singapore 
General Hospital.

Mr Yong Keng Kwang, Chief Nurse of TTSH, said, “We 
were monitoring the situation in Wuhan just like we 
had done for Ebola Viral Disease (EVD) outbreak in 
Democratic Republic of Conga in 2018-19, keeping a watch 
from a distance but hoping that it would never reach our 
shores. It finally sank in when we had the first imported 
Covid-19 case on 23 January. This first case was relatively 
stable and I remembered assuring myself that “this should 
be more manageable compared to SARS in 2003, and we 
now have a world-class facility in NCID and adequately-
prepared manpower to handle a new pathogen.” Very 

CONTEMPORARYCONTEMPORARY
soon, there were three cases in Singapore. The son of the 
first patient also tested positive. The other new confirmed 
case is a 53-year-old woman from Wuhan who arrived in 
Singapore on a Scoot flight TR121 at 5.30am on Jan 21. Mr 
Yong continued, “There were two more cases the next day,  
and we began to realise that the numbers would likely 
grow significantly in next few days/weeks. On that 
CNY eve (24 January), we had started to discuss how 
to maximise the available capacities in NCID, and 
carefully re-visited our drawer plans on how to scale up 
our manpower resources within an acceptable timeline. 
There was certainly no mood for CNY celebration as we 
ended our series of meetings, but I remembered being 
quietly confident that ‘we are ready’.”

Dr Barkham recalls an ops meeting on 22 January, “… 
planners claimed that DLM could deliver 500 tests per 
day … we had no stockpile of the basic reagents needed 
to complement the specific tests themselves. Frustrating, 
embarrassing, irritating. There are so many layers that 
the people who know what to do are distanced from 
decisions … I stood up and said this. That afternoon  
we had funding! We started organising all the  
necessary reagents.”

Dr Barkham recalled 24 January: “I was free to have 
dinner with one of my friends from A*STAR, with 
whom I was preparing nCoV detection assays. He is the 
main ‘designer’. We now had some positive material, so 
planned to start testing on that Sunday.”

Communication to hospital staff is critical. Mr Yong 
said, “On communications, or rather, managing 
expectations. As a hospital, we have done much better 
in this aspect compared to SARS period, especially 
with the help of more supporting platforms like social 
media (though they can also make things worse). But 
one sided communications are never as good as 2-way 
communications, and with us running outbreak and 
business-as-usual (BAU) operations in the same campus 
at the same time, the expectations for staff segregation 
(where appropriate) and reduced congregation 
have made it more challenging to hold in-person 
communication sessions like we did during SARS 
period. Staff have questions, ‘big’ and ‘small’, that need 
to be addressed. Their questions and concerns would 
also change as either more of the outbreak and/or BAU 
(business-as-usual) capacities are required/affected, a 
phenomenon that was not as intense during SARS and 
H1N1. Engagement efforts will certainly need to escalate, 
and perhaps take different forms, as the situation 
escalates. For example, within Nursing, we had to be 
prepared to meet the nurses in smaller groups, and to  
be led by specific senior nurse leaders as the frequency 
of sessions increased. We had to make efforts to 
harmonise our responses before and/or after each 
engagement session.”

By 26 January, the local test was ready. Dr Barkham said, 
“I picked up the prototype nCoV test kits, as well as two 
staff, from my designer’s laboratory. We went to DLM, 

TTSH, where my own Medical technical staff  
was waiting; she had inactivated and prepared a sample 
for testing. All three were Chinese and had come in to 
help me on CNY when they were rostered ’off’; they 
were not supposed to be at work. This was absolutely 
super; such collaborative spirit, such generosity, 
commitment to DLM, TTSH and our community. This 
is why I love working; I can’t achieve anything without 
so much help from so many people. It makes me feel 
good every day.

“The three of them set up the assays. Watching them 
work was pure quality; the care, the gentleness with 
great purpose, handwritten calculations on scraps 
of paper, the help they gave each other. We set 
up the assays at multiple temperatures to 
find out which was best; this is part of 
‘optimising’ the assay. I had gone home 
but my staff texted me at 8.29PM to 
say that although we were only half 
way through the test run, she could 
see that the test was positive. By 
9.40PM I had the graphs on my 
phone! The assays worked really 
well; one was selected as the best, 
as predicted by the ‘designer’. 
It was about 10-20 times more 
sensitive than the comparator 
assay used in other laboratories. I 
sent a text to my ‘designer’, saying 
‘Congratulations! Great getting things 
done with friends’.”

The NCID screening centre opened on 
28 January. Doctors and nurses were drawn 
from various disciplines in the hospital to man 
the centre. They make decisions about X-rays and 
swab tests for people who report to the centre. Many 
doctors, including surgeons who do not usually manage 
pneumonia, came forward.

Dr Barkham again, “We started checking specificity by 
testing against other viruses, to make sure the test did 
not give false positives. All results were perfect. This was 
looking really good; our test was ready to go. Data from 
in-silico analyses predicted our test would outperform 
all published tests, from China, Europe and the USA. 
Our real experiments showed our test was better than 
two local comparators. It felt good, and our staff liked 
knowing they were part of the best. We all want the best 
for TTSH.”

February 2020 – Explosive follow-through
• The world
News of the Diamond Princess cruise ship began to 
dominate the headlines. The ship left Yokohama on 
20 January for a 16-day trip, calling at ports in China, 
Vietnam, and Taiwan. An 80-year-old passenger who  
left the ship on 1 February in Hong Kong tested positive 
for COVID-19. When the ship returned to Yokohama on 
3 February, it was quarantined and all 3,711 passengers



and crew members (more than a thousand) were kept 
onboard. People who tested negative were not allowed 
to leave immediately but had to wait out a two-week 
period (they could only do so from 19 February). The 
crew disembarked by 1 March. Eventually, 691 people 
were infected and seven died. For many weeks, it was the 
largest outbreak outside of China. The media carried 
stories of severe hardship of the passengers  
and especially the crew, who had little rest and had 
to look after everyone with little emotional support 
themselves. The ethics of the management of this 
outbreak has been questioned.7

However, this ship-borne outbreak provided some 
much-needed epidemiologic data about COVID-19.  
It is told us that 18% of infected people are 
asymptomatic, and that the mortality rate is 1.1%, lower 
than the 3% from community studies where only the 
sickest people are tested.8 The quarantine was effective 
for passengers, but not for crew members, reminding us 
that people caring for patients must not traipse around.9

The genome of the virus was e-published on  
3 February,12 firing the starter pistol for the worldwide 
race to develop test kits and vaccines. On 12 February, 
there was a sudden increase in number of cases in 
Hubei; 13,000 of these new cases were due to a new 
policy allowing physicians to diagnose suspected cases 
of COVID-19 on the basis of chest images, without 
waiting for genetic tests to confirm the presence of the 
virus, which can take days. Nature NewsWatch reported: 
‘The policy is in response to pleas from clinicians who 
are overwhelmed by patients with respiratory diseases, 
and don’t have time to wait for lab results, says Wu 

Zunyou, chief epidemiologist at the Chinese Center for 
Disease Control and Prevention, who helped design 
and implementing the new policy. “The clinicians in 
Hubei made a very strong request to modify the criteria 
because of their heavy work load,” he says. Now they 
can care for people more quickly and ensure they are 
properly isolated to protect others, says Wu. “We need  
to save lives.”’

Dr Li Wenliang died on 7 February. He was an 
ophthalmologist working in Wuhan Central Hospital  
who warned colleagues about a possible new virus 
infection on 30 December, but was censured for doing 
so. There was international outpour of grief and 
sympathy for this doctor.

An important milestone was passed on 9 February:  
the number of deaths in China reached 811, exceeding 
the entire number of deaths due to SARS, which was  
774 across 29 countries. There is an extensive report 
of the situation in China on 11 February.13 All 72,314 
individuals with COVID-19 were analysed. We shall 
focus on a particular group in this report,  
the healthcare workers. There were 1,080 affected  
in Wuhan, 394 elsewhere in Hubei Province and 214  
in the other 30 provincial-level administrative  
divisions (PLADs). The proportion of severe or critical 
disease in healthcare workers was 17.7% in Wuhan, 
10.4% in Hubei Province, 7.0% in the remaining  
30 PLADs.

On 15 February, the first case of COVID-19 was being 
reported in Africa, by Egypt’s Ministry of Health and 
Population and the World Health Organization (Nature 
News). The first COVID-19 death occurred in Europe,  
an 80-year-old Chinese traveller in France.
The outbreak in Korea was fairly well controlled until 
case 31 on 18 February. This woman is a member of the 
Shincheonji religious organisation and she continue 
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Figure 3. Entry points to Tan Tock Seng Hospital were manned by staff 
conducting temperature check for visitors and patients.
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attending its activities in Daegu even when she was sick. 
By 21 February, 544 of the 4,400 members of the church 
who were tested were found to be positive.

By 24 February, major outbreaks have reported in 
South Korea, Italy and Iran. South Korea had 833 cases, 
Iran about 60 cases with 12 deaths. (Straits Times 25 
Feb 2020). China reported 409 new cases and 150 new 
deaths. Worldwide, there are 80,000 cases with 77,000 
in China, with 2627 deaths out of which 2592 are in 
China. The Straits Times (on 2 March) told the story of 
the start of the COVID-19 outbreak in northern Italy. A 
man named Mattia first went to a hospital in Codogno 
on 18 Feb. He did not raise any alarm as he had not been 
to China. After spending some time in the emergency 
room, he went home, only to return the next day. He 
was not diagnosed until the night of 20 Feb. By 
that time, he had infected five health care 
workers, his pregnant wife, a friend and 
a fellow patient. 

On 26 February, President Donald 
Trump appointed Mike Pence to 
manage the potential coronavirus 
pandemic in USA. Mr Pence’s 
press secretary Katie Miller went 
on to develop the illness on 8 May.

• Singapore 
Annual leave for all staff was cancelled 
from early February. Doctors in TTSH 
were also told to reduce their outpatient 
load in anticipation of increased workload from the 
outbreak. Non-urgent surgeries were postponed. 
Putting off non-urgent surgery is not uncontroversial. 
One reporter quoted Gerard Doherty, the chair of the 
surgery department at Brigham and Women’s Hospital 
in Boston, who assessed that 25% of surgeries are truly 
urgent, 25% are truly elective, and 50% can be classified 
either way at the discretion of the surgeon.14 Though 
non-urgent, some surgeries do require the patients 
and their family to rearrange their schedules (such 
as knee and hip arthroplasty), while others remove 
a problem that may flare at any time, necessitating 

emergent treatment (such as cholecystectomy or urinary 
calculus lithotripsy). Therefore, every decision to 
postpone a procedure must be made individually with 
consideration of the patient’s circumstances.

Dr Barkham said, “CEO popped in to talk to DLM 
(Department of Laboratory Medicine) staff; super 
support for DLM and our people. Really good to hear 
his thoughts.”

On 2 February, we had a temporary reprieve in that no 
new cases were diagnosed. 

The ‘Disease Outbreak Response System Condition’ 
(DORSCON) system was put in place after SARS.  
There are four levels (green, yellow, orange and red) 

to indicate the status of an infectious disease 
in Singapore.15 The levels also guide 

public health measures to be taken. 
On 7 February, DORSCON Orange 

was declared in Singapore. This 
announcement led to a run in 
supermarkets for rice, instant noodle 
and toilet paper. Business Insider 
reported that people are cancelling 
flights to Singapore.  Two more cases 
in Singapore, one with no travel to 

China or link to other cluster. Two 
known patients worsened; one in ICU 

and one needed supplementary oxygen. 

PM Lee Hsien Loong delivered an important and 
widely reported speech on 8 February. He said that 
Singaporeans are better prepared to handle the crisis 
because of the SARS experience. He said that there was 
no need for panic buying. He broached the possibility 
that if the number of cases increased in Singapore, there 
will be little point in contact tracing and the strategy 
will have to change: “Encourage those who only have 
mild symptoms to see their family GP, and rest at 
home instead of going to the hospital, and let hospitals 
and healthcare workers focus on the most vulnerable 
patients – the elderly, young children, and those with 
medical complications.”

PM LEE HSIEN LOONG DELIVERED AN IMPORTANT AND WIDELY 
REPORTED SPEECH ON 8 FEBRUARY. HE SAID THAT SINGAPOREANS 

ARE BETTER PREPARED TO HANDLE THE CRISIS BECAUSE OF  
THE SARS EXPERIENCE. HE SAID THAT THERE WAS NO NEED FOR 

PANIC BUYING. HE BROACHED THE POSSIBILITY THAT IF THE NUMBER 
OF CASES INCREASED IN SINGAPORE, THERE WILL BE LITTLE POINT 
IN CONTACT TRACING AND THE STRATEGY WILL HAVE TO CHANGE.



At this point, Dr Barkham recalled, 
“We had started working 24/7. While 
some staff were more robust, others 
were a little tentative, so I wanted 
to ‘be around’ to provide 
reassurance. Well, it 
was no surprise when I 
found the lead medical 
technologist had also 
popped in to support the  
staff doing the COVID 
tests. I was so proud.  They 
told me to go home! It’s easy 
to make mistakes, to contaminate 
reagents, to make transcription 
errors. The human element is the 
most likely source of error. Staff 
need thorough training, the right 
temperament, to be comfortable, 
and ongoing support.”

On 14 February, 9 new cases were 
announced in Singapore. On the 
next day, there were 5 new cases in 
Singapore, bringing the total to 72 
(Sunday Times 16 Feb). 

Dr Barkham recalls, “We dealt  
with 400 COVID tests; this was  
close to our maximum, which we 
had planned to deliver, and to 
deliver for a few days only. Luckily 
the staff on overnight was a very 
robust person. No break over a 
12-hour shift. No toilet, no food. 
Impressed, but worried. This needs 
better management.”

By 17 February, the stress in 
the laboratory was obvious. Dr 
Barkham: “There are not any 
automated PCR instruments that 
really cater for infectious samples, 
for respiratory agents. In order to get 
the samples onto the instruments, 
we have to first take an aliquot and 
inactivate it; we can then put it on 
the instruments. All this pipetting 
risks repetitive strain injury, requires 
time, extra pipette tips, more 
BioSafety cabinets, and introduces 
more scope for error.”

On 24 February, Singapore added 
one new case, with the total 
number reaching 90. Dr Barkham 
remembered, “… up early to do an 
6.45AM interview with the BBC 
about COVID. On no, I wasn’t used 
to wearing a tie, and my wife had put 

out a shirt that was very tight around 
the collar; had I put on weight?  
I could hardly breathe, so spoke  
very softly. I took a taxi back to 

TTSH and the driver was a 
chatty one; we had a good 

laugh as he proudly gave 
his opinions about how 
well Singapore dealt with 
outbreaks compared with 

larger nations, up north! 
I was especially happy as 

I had loosened my collar and 
could breathe more easily. I had a 
resuscitating breakfast at TTSH; 
local coffee, kaya toast and two soft 
boiled eggs; felt much better!”  

March 2020 – return of 
Singapore residents
• The world
On 4 March, 2,922 people had been 
infected with and 92 people had 
died in Iran. Six people died in USA 
and here were patients in 15 states, 
namely Arizona, California, Florida, 
Georgia, Illinois, Massachusetts, 
Nebraska, New Hampshire, New 
York, Oregon, Rhode Island, Texas, 
Utah, Wisconsin and Washington 
state. Malaysia had 50 cases in toto, 
with 14 new ones announced on 
that day. In China, the total number 
of cases reached 80,270 with 2,981 
deaths. The number of new cases 
was 118, a dwindling number. The 
front page of the Washington 
Post carried an article about the 
White House being irritated by 
Dr Anthony Fauci, director of the 
National Institutes of Allergy and 
Infectious Diseases, telling an NBC 
correspondent that the COVID-19 
infection is an ‘outbreak’ with ‘likely 
pandemic proportions’.

On 11 March, a 53-year-old 
woman suffering from diabetes, 
hypertension, hyperthyroidism 
and chronic obstructive pulmonary 
disease became the first person to 
die of COVID-19 infection  
in Indonesia. 

On the same day, WHO declared the 
outbreak a worldwide pandemic. 
Dr Tedros Adhanom Ghebreyesus 
was alarmed by the level of inaction 
by many countries. He urged 
governments to change the course of 

the outbreak by taking “urgent and 
aggressive action”. “Several countries 
have demonstrated that this virus 
can be suppressed and controlled,” 
he said. “The challenge for many 
countries who are now dealing 
with large clusters or community 
transmission is not whether they can 
do the same - it’s whether they will”.

On 17 March, Nature carried a 
positive story about the disease-
control success due to the lockdown 
in Wuhan and 15 other cities in 
China.16 As the rest of the world 
is braces itself for the peak of the 
coronavirus outbreak, the worst 
seems to be over for China and “… 
restaurants are reopening, traffic 
and factories are stirring”, TODAY 
Newspaper reported on 18 March.

Another significant milestone 
was passed on 27 March: the US 
now had 83,500 confirmed cases 
of COVID-19, more than any 
other country. According to Johns 
Hopkins University, the US has 
overtaken China (81,782 cases) and 
Italy (80,589). However, USA had 
1,200 fatalities, fewer compared 
with China (3,291) and Italy (8,215). 
Dr Vasoo said, “I think what has 
unfolded in Italy could have very 
well happened here if we didn’t 
adopt a very stringent contact 
tracing and isolation policy. We 
need to continue to contain this or 
else our healthcare resources will 
be overwhelmed and we will go the 
road of Lombardy.”

• Singapore
On 3 March, Singapore’s Multi-
Ministry Taskforce advised 
Singaporeans to defer non-essential 
travel to Iran, northern Italy, Japan 
and the Republic of Korea. Minister 
Lawrence Wong, Co-chair of 
the Multi-Ministry Taskforce on 
Covid-19, at a Media Doorstop at 
National Press Centre warned “… 
despite our very best efforts, we 
have to be mentally prepared for 
the number of infected cases in 
Singapore to go up. We have been 
used to, I think the experience so 
far these past few days in Singapore 
where the number of cases rises 
by just a handful every day, we’ve 
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become accustomed to it in a way. But this may not be 
the norm and it can change very easily. You see this in 
other countries too, where you have very few cases for a 

few days and then suddenly, one incident occurs, 
one event occurs, and there is a sharp spike in 

cases and sustained transmission.  
This has happened elsewhere; it can happen  
in Singapore too.” 

From 4 March 2020, 2359 hours, all new visitors 
with recent travel history to Iran, northern Italy or 

the Republic of Korea within the last 14 days will not 
be allowed entry into Singapore, or transit through 
Singapore. Returning residents and long-term pass 
holders issued with a 14-day Stay-Home Notice (SHN). 
On the same day, two new cases diagnosed in Singapore, 
bringing the total to 112 (MOH website).

Dr Barkham recalls his thoughts on 4 March: “Data 
show mutations emerging that make other test kits seem 
less sensitive; none of the mutations affect our chosen 
genomic sites. This was not chance; our experience 
designing tests in 2003 meant we knew we should avoid 
areas of the genome that were prone to mutations. It’s all 
in the design! Hope it stays that way!”

There were 12 new cases of COVID-19 on 11 March.

Of WHO’s warning to the world about the insufficiently 
aggressive response, Dr Barkham said, “Interesting to 
see criticism of other countries but ‘get real’.  
Most counties simply don’t have the resources we 
have, to do what we are doing. They don’t have the 
laboratories, the trained people, the equipment, the 

finances. We thought this through in 2002, when 
discussing bird flu; we were mentally prepared for 
closing borders as we had discussed it, but this is the  
first time this has ever happened. Last year was the 
centenary of the 1918 flu pandemic. I had attended a 
special scientific event at the Crick Institute, behind 
King’s Cross Station, in London. The final impression 
was that we didn’t understand what made a virulent 
influenza virulent! We know so much, and yet so little. 
We should offer help to other countries, if we can, 
not bash them.”

Dr Barkham planned to improve the testing, “Plan to 
implement a 4 plex PCR test with Influenza A, B, COVID 
and a control. It has been designed, and awaits clinical 
evaluation. It takes staff time and resources to evaluate, 
but … we’ll hopefully get it done this week. If it works 
well, we can consolidate; instead of sending two samples 
from each patient, one for influenza and one for COVID, 
we can use one, saving on swabs and transport media.”  

Dr Barkham applauded his colleagues, “Our staff 
processed 740 COVID PCR tests. Wow. This was way 
above the 500 maximum we had planned. Our future 
target was 800, based on 6 extra staff but we 
only had three extra at this time.”

On 19 March, 32 new cases were 
announced in Singapore, with 24 
imported. All doctors in public and 
private hospitals and clinics have been 
advised by the Ministry of Health to stop 
accepting new foreign patients who do not 
reside in Singapore. Meanwhile, Dr Barkham 

Figure 4. NCID nurses in full PPE attend to patients referred to NCID for COVID-19 screening. 
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had another worry, “Consumables are really an issue. 
Told NCID to stop doing repeat test until really needed. 
We have to conserve resources, but they can’t discharge 
patients until ‘negative’, so they have to keep testing;  
I understand, but perhaps they should just assess the 
time it takes people to become negative, and send them 
home quarantined for that amount of time.” Indeed, it 
is not the primers or PCR reagents that are running low, 
but the RNA extraction kits (COVID-19 is an  
RNA virus).18 

Two people became the first people to die of COVID-19 
infection in Singapore on 21 March. The first was a 
75-year-old female Singapore Citizen and the second 
a 64-year-old male Indonesian national (MOH). On 
the same day, there were 47 new cases in Singapore, of 
which 39 are imported. Singapore residents and Long 
Term Pass holders (which are people with work passes, 
Student’s Pass, Dependant’s Pass, and Long-term Visit 
Pass) returning to Singapore made up almost 80 percent 
of the new COVID-19 cases since 20 March. From 23 
March 2020, 2359 hours, no short-term visitors from 
anywhere in the world will be allowed to enter or  
transit through Singapore.

Mr Yong Keng Kwang said, “We have just moved into 
a phase that we all dread – planning for escalation of 
ICU capacities. I don’t remember having to planning 
for this stage of escalation (at least not intensively) 
during SARS or H1N1; we have advanced into this stage 
of planning and more of our planning assumptions 
have to be reviewed and further rationalised in order 
to make (minimally) safe provisions. While there are 
difficult decisions/trade-offs to be made, it’s assuring 
to a certain extent that we give ourselves more time 
for constructive discussions and collective decisions 
– collective leadership is crucial at this stage and I am 
really heartened that we have built a strong foundation 
over recent years for this form of decision making in 
compressed timelines.”

On 31 March, four cases (cases 922, 924, 925 and 926),  
in addition to a previous one (case 875), came from 
workers residing in the Westlite Toh Guan dormitory. 
While the returnees, many of them infected, were 
the source of concern in March, the outbreak in the 
dormitories will take centre stage in April.

April 2020 – outbreak in workers’ dormitories
• The world
Dr Michael S. Saag, director of the Center for AIDS 
Research at the University of Alabama at Birmingham, 
who was sick for 14 days with COVID-19 but who 
recovered without hospital care wrote, “This will not 
be the last time a virus skips from animal to human. It 
should be the last time we are so unprepared. But even 
for a doctor like me, the experience has been a humbling 
lesson that medicine has limits. Mother Nature rules. We 
can modify and lessen the symptoms, but her power is 
far greater than ours.”

Due to the success in stopping community spread, 
the lockdown in Wuhan was lifted on 8 April. On 10 
April, Daegu reported zero new cases. Channel News 
Asia reported that the 6,807 confirmed cases in Daegu 
exceeded more than half of South Korea’s 10,450.

On 15 April, President Trump announced that he was 
suspending support to World Health Organization 
(WHO) because he said it covered up the seriousness of 
the COVID-19 outbreak in China before it spread around 
the world.

On a related note, the inventor of the pulse oximeter, 
Takuo Aoyagi, passed away in Tokyo on 18 April aged 84, 
reported the Washington Post on 5 May. The cause was 
not made known. 

On 20 April, Hong Kong reported that, for the 
first time, there was no new cases of COVID-19  
infection. A group concluded that the outbreak  
‘… can be contained with a combination of testing and 
isolating cases, plus tracing and quarantining their close 
contacts, along with some degree of social distancing 
to reduce community transmission from unidentified 
cases’.17 On 26 April, China announced that the last 
coronavirus patient in Wuhan has been discharged  
from hospital. The number of deaths from coronavirus 
in the world has exceeded 200,000, according to  
Johns Hopkins University.

• Singapore 
On 7 April, 106 new cases were reported in Singapore, of 
which only three are imported. 39 cases were linked to 
known dormitory clusters while 23 were linked to other 
clusters; and 41 cases were unlinked. 627 cases remain in 
hospital, of which 29 are in critical condition. 
On 7 April, Singapore entered the ‘circuit breaker’ 
period. People who are not in the ‘essential services’ 

CONTEMPORARYCONTEMPORARY

were required to work from home. Subsequently, from 
14 April, it became compulsory to wear a mask when 
outside the house in Singapore. Singapore’s COVID-19 
cases raced past 3,000 with 334 new infections. Another 
record-setting day was 15 April, with 447 new cases  
in Singapore. There were 3,699 cases in Singapore,  
with 10 deaths. 

On 25 April, 618 new cases were reported in Singapore. 
On 26 April, another record was broken as Singapore 
announced 1426 new cases diagnosed. On 28 April,  
the Government announced that there are 18,000  
beds for isolation and care needs, with 23,000  
in preparation.

Time Magazine noted the large number of COVID-19 
infection in workers housed in dormitories: ‘Singapore’s 

outbreak highlights what can happen if some of the lowest 
paid and most vulnerable people in society go unnoticed 
during the health crisis. After reporting single-digit daily 
caseloads in February, the island nation of 5.6 million now 
has the highest number of reported COVID-19 infections 
in Southeast Asia … This month, cases began surging 
past 1,000 per day, and almost all the patients were 
migrant workers … “The government was really focused 
on fighting COVID-19 on two battlefronts: community 
transmission and imported cases,” says Jeremy Lim, 
co-director of global health at the National University of 
Singapore’s Saw Swee Hock School of Public Health.  
“But it overlooked the vulnerabilities of this third front 
that’s now glaringly obvious to everyone.”19

On 30 April, Singapore has 528 new cases of Covid-19, 
bringing the total number of cases to 16,169. Only nine 

Figure 5. As in the rest of Singapore, food stalls in Tan Tock Seng Hospital were only allowed to serve takeaways from April 2020.  

Figure 6. An unusually quiet main entrance to Tan Tock Seng Hospital at 
night, with mandatory checks for visitors.  

ON 7 APRIL, SINGAPORE 
ENTERED THE ‘CIRCUIT 

BREAKER’ PERIOD. PEOPLE 
WHO ARE NOT IN THE 

‘ESSENTIAL SERVICES’ 
WERE REQUIRED TO 
WORK FROM HOME. 

SUBSEQUENTLY, FROM 
14 APRIL, IT BECAME 

COMPULSORY TO WEAR A 
MASK WHEN OUTSIDE THE 

HOUSE IN SINGAPORE. 



MEDICAL DIGEST 14 MEDICAL DIGEST15

REFERENCES
1. Wu Z, McGoogan JM. Characteristics of and important lessons from the coronavirus disease 2019 (COVID-19) outbreak in China: summary of a 

report of 72 314 cases from the Chinese Center for Disease Control and Prevention. JAMA 2020 Feb 24. doi: 10.1001/jama.2020.2648. [Epub ahead 
of print]

2. Cohen J. New coronavirus threat galvanizes scientists. Science. 2020 Jan 31;367(6477):492-493.
3. Andersen KG, Rambaut A, Lipkin WI, Holmes EC, Garry RF. The proximal origin of SARS-CoV-2. Nat Med. 2020 Apr;26(4):450-452.
4. Mesel-Lemoine M, Millet J, Vidalain PO, Law H, Vabret A, Lorin V, et al. A human coronavirus responsible for the common cold massively kills 

dendritic cells but not monocytes. J Virol. 2012 Jul;86(14):7577-87.
5. Warrick J, Nakashima E, Harris S, Fifield A. No evidence that deadly virus escaped Wuhan research lab. Washington Post, 1 May 2020.
6. World Health Organization (2020). Novel Coronavirus – China. Available from https://www.who.int/csr/don/12-january-2020-novel-coronavirus-china/

en/. Accessed: 7 May 2020.
7. Nakazawa E, Ino H, Akabayashi A. chronology of COVID-19 cases on the Diamond Princess cruise ship and ethical considerations: a report from 

Japan. Disaster Med Public Health Prep. 2020 Mar 24:1-8.
8. Mallapaty S. What the cruise-ship outbreaks reveal about COVID-19. Nature. 2020 Apr;580(7801):18.
9. Baraniuk C. What the Diamond Princess taught the world about covid-19. BMJ. 2020 Apr 27;369:m1632.
10. Holshue ML, DeBolt C, Lindquist S, Lofy KH, Wiesman J, Bruce H, et al. First case of 2019 novel coronavirus in the United States. N Engl J Med. 

2020 Mar 5;382(10):929-936.
11. Tian H, Liu Y, Li Y, Wu CH, Chen B, Kraemer MUG, et al. An investigation of transmission control measures during the first 50 days of the COVID-19 

epidemic in China. Science. 2020 Mar 31. pii: eabb6105. doi: 10.1126/science.abb6105. [Epub ahead of print]
12. Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang W, et al. A pneumonia outbreak associated with a new coronavirus of probable bat origin. Nature. 

2020 Mar;579(7798):270-273 [Epub 2020 Feb 3].
13. The Novel Coronavirus Pneumonia Emergency Response Epidemiology Team. The Epidemiological Characteristics of an Outbreak of 2019 Novel 

Coronavirus Diseases (COVID-19) — China, 2020. China CDC Weekly 2020, 2(8): 113-122.
14. Zhang S. What It Really Means to Cancel Elective Surgeries. The Atlantic, 17 March 2020. Available from https://www.theatlantic.com/science/

archive/2020/03/patients-whose-surgeries-are-canceled-because-coronavirus/608176/. Accessed: 6 May 2020.
15. Ministry of Health, Singapore (2020). What do the different DORSCON levels mean. Available from https://www.gov.sg/article/what-do-the-

different-dorscon-levels-mean. Accessed: 5 May 2020.
16. Cyranoski D. What China’s coronavirus response can teach the rest of the world. Nature. 2020 Mar;579(7800):479-480.
17. Tsang TK, Wu P, Lin Y, Lau EHY, Leung GM, Cowling BJ. Effect of changing case definitions for COVID-19 on the epidemic curve and transmission 

parameters in mainland China: a modelling study. Lancet Public Health. 2020 Apr 21. [Epub ahead of print]
18. Akst J. RNA extraction kits for COVID-19 Tests are in short supply in US. The Scientist, 11 March 2020. Available from https://www.the-scientist.

com/news-opinion/rna-extraction-kits-for-covid-19-tests-are-in-short-supply-in-us-67250. Accessed 4 May 2020.
19. Leung H. Singapore Was a Coronavirus Success Story—Until an Outbreak Showed How Vulnerable Workers Can Fall Through the Cracks. Time 

Magazine, 29 Apr 2020. Available from https://time.com/5825261/singapore-coronavirus-migrant-workers-inequality/. Accessed: 5 May 2020.

ADJ. A/PROF LEONG KHAI PANG 
is a senior consultant in 
the Department of Rheumatology, 
Allergy & Immunology,  
Tan Tock Seng Hospital.

cases came from the community. On the same day, a 
58-year-old woman died of COVID-19, bringing the total 
number of deaths to 15. She is the youngest person to die 
of the infection in this country.

In place of a conclusion
COVID-19 is a worldwide pandemic 
that we have never seen in 
our lifetime; historically, it is 
perhaps comparable to the 1918 
influenza outbreak. SARS left 
a deep scar in the psyche of 
Singapore Medicine and TTSH 
in particular, but its impact is 
dwarfed by COVID-19. It is just 
as well that COVID-19 came along 
17 years after SARS, not 27 or 37, so 
that many of the hospital staff who 

have first-hand experience of managing the earlier 
outbreak are still working.

Many countries have passed the peak of infection rate, 
some with more deaths than others. At end-April,  

we are still dealing with a huge number of 
infected people, albeit most with relatively 

mild symptoms. We were vigilant before 
the first case appeared, we seemed to 

have the outbreak controlled, then  
we were hit by a wave of infected 
citizens and residents returning 
home, and followed by the huge 
numbers in the workers’ dormitories, 
an issue that continued into May.  

We continue this story in the next  
issue. We hope and pray that it will be 

 a good one.
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Warfarin is a vitamin K antagonist which inhibits 
coagulation by blocking the synthesis of coagulation 
factors II, VII, IX and X. It has been the oral 
anticoagulant of choice for preventing stroke and 
systemic embolism in non-valvular atrial fibrillation 
(AF) and for treating deep vein thrombosis (DVT) 
and pulmonary embolism (PE) for the past 60 years. 
However, there are many limitations of taking  
warfarin such as:
• Slow onset of action
• Narrow therapeutic index
• Need for frequent blood monitoring (PT-INR)
• Multiple drug interactions
• Need for consistent intake of a mixed diet
• Avoidance of traditional medicine and herbal 

supplement.

Hence, a drug which avoids all of the above  
limitations would be the ideal oral anticoagulant. This 
led to the development of Direct Oral Anticoagulants 
(DOACs). DOACs are an attractive alternative to 
warfarin as their predictable anticoagulant effect 

enables their administration in fixed doses  
without the need for routine coagulation  
monitoring. DOACs differ from warfarin in that  
they have a rapid onset/offset of action; are not  
affected dietary vitamin K intake; and, have fewer  
drug interactions.1

DOACs consist of two groups:
• Oral direct thrombin inhibitor: dabigatran  

(Pradaxa®)
• Oral direct Factor Xa inhibitors: rivaroxaban 
 (Xarelto®) and apixaban (Eliquis®)

Dabigatran works by preventing thrombin from  
cleaving fibrinogen to fibrin, while rivaroxaban and 
apixaban prevent Factor Xa from cleaving prothrombin 
to thrombin.

Available formulations
Dabigatran (Figure 1) is available in capsule form, while 
rivaroxaban (Figure 2) and apixaban (Figure 3) are 
available as tablets. 

Figure 1. Dabigatran (Pradaxa®) is available in capsule form.

Figure 2. Rivaroxaban (Xarelto®) is available in tablet form.

Figure 3. Apixaban (Eliquis®) is available in tablet form.

Indications and dosing
The maximum anticoagulant effect 
of dabigatran is achieved within 2 - 3 
hours of ingestion.2 The dosing of 

rivaroxaban differs according to the 
clinical indication and the patient’s 
renal function. Amongst the direct 
Factor Xa inhibitors, apixaban is 

least dependent on renal clearance. 
A summary of the indications  
and dosing of DOACs can be seen 
in Table 1.

DABIGATRAN RIVAROXABAN

Indication and 
Dose (with 
adjustment 
in renal 
impairment)

Prevention of stroke and 
systemic embolism in 
non-valvular AF
- CrCl > 30 ml/min: 150 

mg BD, but 110 mg BD 
if >80 years old or high 
risk bleed

DVT / PE treatment
- CrCl > 30 ml/min: 150 

mg BD (after 5-10 
days of parenteral 
anticoagulant)

Prevention of VTE after 
hip / knee replacement
- CrCl > 30 ml/min: 220 

mg daily

APIXABAN

Prevention of stroke and 
systemic embolism in non-
valvular AF
- CrCl > 50 ml/min: 20 mg 

daily
- CrCl 15-50 ml/min: 15 mg 

daily

DVT / PE treatment
- CrCl > 30 ml/min: 15 mg 

BD for 21 days, then 20 mg 
daily

Prevention of VTE after hip 
/ knee replacement
- CrCl > 30 ml/min: 10 mg 

daily

Prevention of stroke and 
systemic embolism in non-
valvular AF
- CrCl > 30 ml/min: 5 mg BD, 

but 2.5 mg BD if any 2 of the 
following:
	 a.	Cr	≥	133	μmol/L
	 b.	≥	80	years	old
	 c.	Body	weight	≤	60	kg
- CrCl 15-30 ml/min: 2.5 mg 

BD

DVT / PE treatment
- CrCl > 25 ml/min: 10 mg BD 

x 7 days, then 5 mg BD

DVT / PE prevention after 
at least 6 months treatment: 
2.5 mg BD

Prevention of VTE after hip 
/ knee replacement
- CrCl > 30 ml/min: 2.5 mg 

BD

Dose 
adjustment 
in hepatic 
impairment

No recommendations, 
but changes in exposure 
not observed in patients 
with moderate hepatic 
impairment.

No recommendations. No dose adjustment needed 
for mild hepatic impairment 
(Child-Pugh A). 

Avoid use in CrCI < 30 ml/min - CrCI < 30 ml/min for VTE 
treatment and prophylaxis

- CrCl < 15 ml/min for 
prevention of stroke and 
systemic embolism in non-
valvular AF

- Moderate or severe 
hepatic impairment (Child-
Pugh B and C) or with 
any degree of hepatic 
impairment associated with 
coagulopathy.

- CrCI < 25 ml/min for VTE 
treatment and prophylaxis

- CrCl < 15 ml/min for 
prevention of stroke and 
systemic embolism in non-
valvular AF

- Severe hepatic impairment 
(Child-Pugh C)

Administration With or without food
NGT: Avoid; do not open 
capsule

With food if ≥ 15 mg
NGT: Can be crushed

With or without food
NGT: Can be crushed

Table 1. Indications and Dosing of Direct Oral Anticoagulants (DOACs)*.

*Adapted from ‘Direct-Acting Oral Anticoagulant Quick Fact Sheet’ by TTSH Cardiology, General Medicine, Haematology and Pharmacy Departments. 
Notes:
- Clinical judgement should be exercised at all times. 
- If in doubt about the dosing, indications and risk/benefit ratio, consider referral to a specialist.
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Adverse effects
Dyspepsia is a common side effect of dabigatran.3  
Cases of liver injury following rivaroxaban 
administration have been reported, but the incidence  
of this complication is unknown.4

As with all anticoagulants, DOACs increase the 
bleeding risk. Dabigatran increases bleeding risk  
to a level similar to that of warfarin. It may be 
associated with a slightly lower rate of intracranial 

haemorrhage and death and a slightly higher  
risk of gastrointestinal bleeding at the dose  
of 150 mg BD, but not at 110 mg BD.5 Compared to 
warfarin, apixaban is associated with  
fewer intracranial haemorrhages and less  
adverse consequences following extracranial 
haemorrhage.6

Contraindications
DOACs are contraindicated in the following  
situations:7-9

• Presence of prosthetic heart valve (due to greater 
risk of valve thrombosis)

• Pregnancy or breastfeeding (due to lack of clinical 
experience in this setting)

• Known antiphospholipid syndrome (APS)  
(limited data on the efficacy of DOACs)

• Severe renal insufficiency
• Severe liver disease.

Drug interactions
Dabigatran is not metabolized by cytochrome p450 
system (CYP), but it is a substrate for P-glycoprotein. 
Concomitant use of dabigatran with P-glycoprotein 
inducers (e.g. rifampicin) reduces the anticoagulant 
effect of dabigatran and therefore they should not be 
prescribed together. Concomitant use of dabigatran 
with P-glycoprotein inhibitors (e.g. ketoconazole and 
verapamil) in patients with renal failure may increase 
its anticoagulant effect.7

Rivaroxaban interacts with drugs that are potent 
dual inhibitors of CYP-3A4 and P-glycoprotein  
(e.g. ketoconazole, itraconazole, voriconazole, 
posaconazole and ritonavir) and concurrent use is 
contraindicated. Potent inducers of CYP-3A4  
(e.g. rifamycins, carbamazepine and St. John’s wort) 
may reduce the effect of rivaroxaban.8

Apixaban dose reduction is recommended for 
patients who are also receiving strong dual inhibitors 
of CYP-3A4 and P-glycoprotein.9

Points to note
o Due to the potential for product breakdown 

and resultant loss of potency from moisture, 
dabigatran should only be dispensed and stored  
in their original blister package.  

o Do not store or place dabigatran in any other 
container, such as pill boxes or pill organizers. 

o Do not break, chew, or open dabigatran  
capsules as this will lead to a 75 % increase  
in absorption and potentially serious  
adverse reactions. 

o Take dabigatran with food if dyspepsia occurs.7

o Rivaroxaban 15 and 20 mg tablets are to be taken 
with food.10

o Apixaban can be taken with or without food.
o Store rivaroxaban and apixaban at or  

below 30°C. 

DOACS HAVE CERTAIN ADVANTAGES OVER WARFARIN,  
SUCH AS THE FREEDOM FROM FREQUENT BLOOD 
MONITORING AND FEWER DRUG INTERACTIONS. 

HOWEVER, DOACS HAVE DISADVANTAGES, 
IN PARTICULAR, MISSING EVEN ONE OR TWO DOSES  

CAN LEAD TO INADEQUATE ANTICOAGULATION.
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HYPERTENSION –  
WHAT’S NEW IN ITS MANAGEMENT

FEATURE

Hypertension (HTN) is a major preventable cause of 
cardiovascular (CV) disease and all-cause mortality 
globally. It is often called a ‘silent killer” as it is usually 
asymptomatic. Globally, 30 - 45 % of adults (1.3 billion)  
are have HTN.1 In Singapore, 21.5 % of residents have HTN; 
while 3 out of 4 such patients are on treatment,  
optimal control of blood pressure (BP) is achieved  
by just half of them.2,3

Defining hypertension has long been a contentious issue. 
This is largely due to the fact that the relationship between 
BP and cardiovascular (CV) outcomes is a continuous 
one, starting from low levels of BP (defined as having a 
systolic blood pressure (SBP) of 115 mmHg or less). Based 
on evidence from clinical trials, HTN is defined as the 
level of BP at which the benefits of treatment overweigh 
the risks. Despite some controversies, office BP (140/90 
mmHg) remains the gold standard for the diagnosis and 
management of HTN. The diagnosis should be confirmed 
by out-of-office BP through ambulatory blood pressure 
monitoring (ABPM) or home blood pressure monitoring 
(HBPM) (Table 1).

Much has changed in our understanding of HTN since 
2015 when the Systolic Blood Pressure Intervention Trial 
(SPRINT) findings were published. The study concluded 
that in high-risk adults, a SBP target of less than 120 mm 
Hg, compared to the more conventional 140 mmHg, 
significantly reduced the risk of adverse CV outcomes. 
Largely influenced by evidence from SPRINT, the 2017 
American College of Cardiology (ACC)/American 
Heart Association (AHA) hypertension guidelines 
updated the definition of HTN as well as the goal of 
therapy (130/80 mmHg). The 2018 ESC/ESH guidelines, 
however, reiterated the old definition of HTN as office 
BP of 140/90mmHg, but recommended a harder hitting 
treatment approach. The guidelines recommended a SBP 
target < 140 mmHg for most patients and < 130 mmHg for 
patients younger than 65 years (but not below 120 mmHg). 
Overall, there is an understanding that the lower the BP, 
the better the CV outcomes (but may be accompanied by 
a higher rate of adverse events). A consensus among most 
physicians is emerging that the first objective should be a 
target BP < 140/90 mmHg. 

Management
Though there have not been any significant breakthroughs 
in the discovery of newer antihypertensive drugs in clinical 
practice for a long period, much has changed in the way 
we treat HTN. It is being increasingly recognized that, 
barring a few exceptions, many patients with HTN need 
a combination of two or three drugs to achieve the target 
BP. Given the evidence that poor BP control is directly 
proportional to the number of antihypertensive drugs 
consumed and poor adherence, the concept of a single 
combination pill (SPC) emerged. SPCs improve compliance 
and achieve better BP control.

The management of HTN involves non-pharmacological 
interventions and drug therapy. An approach to the 
management of hypertension as per ESC/ESH guidelines 
is shown in Figure 1. Non-pharmacological therapy 
emphasises healthy lifestyle measures including sodium 
restriction, healthy eating, regular exercise, weight 
control, alcohol moderation and smoking cessation. Such 
interventions can delay the need for drug treatment and 

Category

Office BP

Ambulatory BP

 Daytime (awake)

 Night-time (asleep)

24-hour average

Home BP

Systolic BP (mmHg)

≥	140

≥	135

≥	120

≥	130

≥	135

and/or

and/or

and/or

and/or

and/or

Diastolic BP (mmHg)

≥	90

≥	85

≥	70

≥	80

≥	85

Table 1. Different categories of blood pressure based on the 2018 European Society of Cardiology (ESC)/ European Society of Hypertension (ESH) 
guidelines.
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also complement drug treatment. Moreover, they have 
overall health benefits beyond their impact on BP.

Pharmacological therapy of HTN can be broadly divided into: 
(A) Monotherapy 
(B) Combination therapy 

The four major drug classes commonly used to treat HTN are: 
1.  Angiotensin converting enzyme inhibitor (ACEI) / 

Angiotensin receptor blocker (ARB) 
2.  Beta blocker (BB)  
3.  Calcium channel blocker (CCB) 
4.  Diuretic (DU) 

Principles of pharmacological therapy
1. The quantum of BP reduction, NOT the choice of 

antihypertensive drug, is the major determinant 
of CV risk reduction in patients with HTN. The 
exception to this is when a particular drug has 
compelling indications (e.g. BB for rate control in a 
patient with atrial fibrillation) and when prescribing 
combination therapy of 2 or more drugs.

2. Drug efficacy: All antihypertensive drugs have 
roughly equal efficacy in lowering BP, producing a 
good response in 30 - 50 % of patients. However, there 
may be considerable variability in response amongst 
different populations. In general, younger patients 
below the age of 60 years are likely to respond better 
to ACEIs/ARBs or BBs, while elderly patients above 60 
years may do better with CCBs or DUs.3

3. Effective dose: The largest reduction in BP is seen 
with a half-standard dose, with only modestly 
greater reductions in BP at standard or twice-
standard doses. Evidence shows the average fall in 
SBP over 24 hours with half-standard, standard,  
and twice-standard doses of antihypertensive  
drugs are 7.1, 9.1, and 10.9 mmHg, respectively.4  
As shown in Table 2, the dose response may not be 
significantly different at higher doses compared to 
lower doses.

4. Adverse effects: The rate of adverse effects increases 
significantly with standard or twice-standard doses 
compared to half-standard doses. This is especially 
true for BBs, CCBs and DUs. However, ACEIs and 
ARBs have lower rates of side effects regardless of 
the dose.5 Therefore, low doses of antihypertensives 
may prove to be effective and less toxic.

5. Two or even three drugs at half-standard doses  
might have greater antihypertensive efficacy and  
less toxicity than one drug at standard or twice-
standard doses.6

6. Dose frequency: Antihypertensives (especially  
those with a short half-life) given in the morning 
produce a good peak response, but fail to provide  
24 hours coverage as the drug effect wanes off by 
night or the following early morning. This can 
potentially cause nocturnal hypertension and 
adverse CV outcomes. To circumvent this issue,  
it is recommended that long-acting  
antihypertensives be used instead. Alternatively,  
we may use one-half of the recommended dose 
twice a day to get a smaller peak effect but a more 
sustained response.7,8

7. Bedtime versus morning dosing: At night, BP 
usually tends to drop by 15% from daytime values. 
When the drop is less than 10%, the phenomenon 
is called “non-dipping”. Evidence suggests that 
“non- dippers” might have higher rates of adverse 
CV outcomes. Therefore, shifting at least one 
antihypertensive pill to bedtime may restore normal 
nocturnal BP and reduce 24-hour mean BP9.

High normal
BP 130-139/85-89 mmHg

Lifestyle
advice

Drug treatment in patients  
with very high CVD risk  
patients. especially CAD

Grade 1 HTN
BP 140-159/90-99 mmHg

Lifestyle
advice

Immediate drug treatment  
in high risk patients with  

CVD, renal or HMOD

Drug treatment in patients  
with low to moderate risk  
without CVD/renal disease  
after 3-6 months of lifestyle 

intervention

Grade 2 HTN
BP 160-179/100-109 mmHg

Lifestyle
advice

Immediate drug treatment  
in high risk patients Aim for BP control in 3/12

Grade 3 HTN
BP > 180/110 mmHg

Lifestyle
advice

Immediate drug treatment  
in high risk patients Aim for BP control in 3/12

Figure 1. Approach to the management of hypertension based on 2018 ESC/ESH guidelines.

Antihypertensive

Hydrochlorothiazide

Atenolol

Enalapril

Amlodipine

Dose 

12.5 - 25 mg vs 50mg

50 mg vs 100 mg

10 mg vs 20 mg

5 mg vs 10 mg

Table 2. Low and high doses of different antihypertensive drugs which 
produce a similar reduction in BP.

Modes of Drug Therapy
(A) Monotherapy
 Despite convincing evidence that 
most patients need a combination 
of 2 or even 3 drugs for optimal 
control of BP, monotherapy still 
has relevance when dealing with 
mild hypertension. Indications 
for monotherapy include Grade 1 
hypertension (SBP <150 mmHg) and 
very elderly patients (> 80 years) 
or frail patients. In the absence 
of compelling indications, the 
antihypertensives recommended 
for monotherapy are ACEIs/ARBs, 
long-acting CCBs (preferably 
dihydropyridines, (dH)) and  
thiazide diuretics. 

BBs are currently not considered as 
first-line monotherapy, particularly 
in elderly patients over age 60 
years, because of higher adverse CV 
outcomes (particularly stroke) and an 
increased risk of new onset diabetes. 
However, vasodilating beta blockers 
such as carvedilol and nebivolol are 
considered safe and devoid of these 
adverse effects10. Younger patients 
(< 60 years) may respond better to 
ACEIs/ARBs or BBs (albeit not the 
drug of first choice), while elderly 
patients (> 60 years) respond better to 
CCBs or DUs.

In patients with baseline BP that is 
> 10/5 mmHg above the goal BP, the 
need to add a second drug is very 
high. It is recommended that in 
such cases, monotherapy should be 
initiated with either a long-acting 
ACEI/ARB or a long-acting dH CCB, 
and then either class can be added 
if additional therapy is required to 
achieve the desired combination 
regimen of ACEI/ARB plus CCB. 

When using DUs as initial 
monotherapy, thiazide-like DUs 
(e.g. chlorthalidone) should be 
preferred over thiazide-type 
DUs (e.g. hydrochlorothiazide) 
as the former produces better 
CV outcomes, possibly due to its 
longer duration of action. However, 
it must be acknowledged that 
chlorthalidone is more likely to 
cause metabolic complications such 
as hypokalaemia.11

(B) Sequential Monotherapy
Indications for sequential 
monotherapy include Grade 1 
hypertension which fails to respond 
to initial monotherapy after 4 – 6 
weeks of treatment.

Any recommended first-line 
antihypertensive agent has a 30 –  
50 % chance of normalizing the BP in 
a patient with mild HTN. Therefore,  
a patient who has not responded 
to the first drug has an almost 50 % 
chance of responding to a second 
one.12 Thus, in a patient who has no 
appreciable response to an adequate 
dose of the first drug, switching to 
(rather than adding) a second drug, 
and if this is also ineffective, switching 
to a third drug, may allow 60 – 80 % 
of patients with Grade 1 HTN to be 
controlled with a single agent. 

The approach to sequential therapy 
(Figure 2) is as follows:
1. Initiate monotherapy: Assess 

response in 4 – 6 weeks. 
2. Inadequate response: Increase 

the dose and reassess the 
response after another 4 – 6 
weeks. The higher dosage may 
lead to a moderately further 
reduction in BP, but it may 
be associated with a higher 
rate of adverse events as well. 
Therefore, the dose titration 
should be limited to only one 
step e.g. hydrochlorothiazide 
12.5 mg increased to 25 mg, 
amlodipine 5mg increased 
to 10 mg etc. with no further 
increments in dose.

3. If the response to the higher 
dosage of the first drug remains 
inadequate, switch to a second 
drug and assess the response 
after 4 – 6 weeks. 

Sequential therapy allows us to 
determine which drug the patient  
is most responsive to, has the 
potential to minimise side effects 
and improve compliance.  
However, evidence shows that 
over a period of time, many 
patients initially controlled with 
monotherapy will inevitably require 
a combination of 2 or 3 drugs to 
optimise BP control.

(C)  Combination Therapy
Both the 2017 ACC/AHA and 2018 
ESC/ESH guidelines recommend 
initial combination therapy (CT) 
for patients with a BP 20/10 mmHg 
above the goal. CT allows the goal 
BP to be achieved more quickly. 
The combination of 2 or 3 drugs 
as a single pill combination (SPC) 
improves compliance with a low rate 
of side effects. 

Combination therapy can be used as: 
(i) First-line therapy
(ii)  Addition of a second drug when 

the goal BP is not achieved with 
monotherapy.

(i) First-line therapy
Based on data from the 
ACCOMPLISH trial, the most 
favoured CT is a combination 
of a long-acting dH CCB (e.g. 
amlodipine) and a long-acting ACEI 
/ARB (e.g. perindopril, telmisartan). 
This combination appears to work 
best in particularly non-obese 
patients. In obese patients, the 
combination of a thiazide DU 
and a long-acting ACEI may be 
considered.

Combination therapy involving 
more than two drugs is 
recommended when the two-drug 
combination fails to achieve the 
desired result:
• Triple Combination 

therapy: A commonly used 

• Initial Monotherapy
•	Check	response	after	4-6/52

• Inadequate response
• Increase the dose (one step)

•	Check	response	after	4-6/52
• Inadequate - switch to new 

drug

 Figure 2. Approach to sequential therapy in 
hypertension.
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combination is that of a long acting ACEI/ARB 
(e.g. perindopril or telmisartan) with a long-acting 
CCB (e.g. amlodipine) and a thiazide DU (e.g. 
hydrochlorothiazide or indapamide). Such therapy 
can result in patients achieving their goal BP much 
faster (within 3 to 6 months), but there may also be a 
higher rate of adverse drug effects13.

 
• Quadruple combination therapy: A small study 

looked at the utility of combining 4 antihypertensive 
agents, each at a quarter of the standard starting 
dose (i.e. irbesartan 37.5 mg, amlodipine 1.25 mg, 
hydrochlorothiazide 6.25 mg, and atenolol 12.5 
mg), and found that the goal BP could be achieved 
in almost 100 % of patients. Given the study size 
however, it is not yet a recommendation.14

(ii) Addition of a second drug
Many patients initially controlled with monotherapy  
would need the addition of a second drug for optimal  
BP control. The usual monotherapy includes long-acting 
ACEIs/ARBs, long acting dH CCB or thiazide. If the patient 
is on any one of these 3 drugs, it has been recommended  
to add one of the remaining two drugs. Evidence suggests 
that the best combination in a majority of patients would 
be a combination of a long-acting ACEI/ARB and a long-
acting dH CCB.

In the absence of compelling clinical indications, BBs are 
rarely recommended as initial therapy. When they are 
preferred as monotherapy, the add-on drugs that appears 
to work well with BBs are thiazide DUs or dH CCBs. 
They should be used with caution with non-dH CCBs 
(e.g. diltiazem, verapamil) as such a combination has the 

potential to cause bradycardia and exacerbate heart blocks. 
Further, since BBs reduce renin secretion, ACEIs/ARBs 
are less likely to be effective when combined with BBs.15 In 
patients with benign prostate hyperplasia, an alpha blocker 
can be considered as second-line therapy. 

Conclusion
• Hypertension is a significant public health issue. 

However, BP still remains poorly controlled in  
nearly 50 % of patients, leading to higher CV  
adverse outcomes.

• It is the BP attained, rather than the choice of 
antihypertensive drug, that remains the major 
determinant of outcomes.

• Most patients will require 2 or more drugs for 
effective BP control. Clinicians should consider 
SPCs comprising two drugs, to improve the speed, 
efficiency, and predictability of BP control.

• Two or even three drugs at half standard doses may be 
more effective and less toxic than one drug at standard 
or twice – standard doses.

• The preferred two-drug combination is a long-acting 
ACEI/ARB with a CCB/DU.    

• BB is not typically considered first-line therapy unless 
specifically indicated.

• Monotherapy can be considered in (i) low-risk 
patients with Grade 1 HTN whose SBP is < 150 mmHg, 
(ii) very high-risk patients with high–normal BP; and, 
(iii) frail older patients.

• Use a three-drug SPC comprising ACEI/ARB, CCB, 
and DU if BP is not controlled by a two-drug SPC.

• If BP remains uncontrolled even with 3 drugs  
(defined as resistant hypertension), refer the patient  
to a specialist.
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Overview of Day Rehabilitation Centres (DRCs)
With a rapidly aging population in Singapore, 
the number of individuals suffering from chronic 
diseases, debilitating conditions, stroke and 
cancer with significant decline in physical or 
cognitive function is rising. In order to support this 
population, the demand for community centre-based 
rehabilitation which provides intermediate and long-
term care services, is increasing. 

Day Rehabilitation Centres (DRCs) are part of the 
intermediate and long-term care (ILTC) services in 
Singapore that provide rehabilitation to clients who 
have declined in physical and/or cognitive functions. 
DRCs should not be confused with day care centres 
which provide daytime supervision and basic care 
for people with physical or cognitive disabilities 
who are not able to self-care. Day care centres offer 
maintenance exercises and recreational activities to 
keep the clients physically and socially active, while 
DRCs provide more intensive rehabilitation therapy 
with the aim of recovering to a desired level of 
function in work, self-care or leisure activity. 

Any persons with deterioration in physical or 
cognitive function after an acute medical illness  
(e.g. neurological, medical deconditioning, 
orthopaedic, trauma, post-operation, amputation,  
etc.) will benefit from DRCs to further maximise  
their functional status. 

Among patients who are medically deconditioned, 
there are those who are not eligible or medically  
fit to undergo rehabilitation despite having 
significantly impaired function compared to their  
pre-morbid status. This article seeks to explore  
and discuss the role of DRCs and its assessment  
of suitability of referral.

The Role of and Services at a DRC
All community hospitals in Singapore operate DRCs 
to provide outpatient rehabilitation services for 
clients who require additional therapy to help them 
achieve maximum function. DRCs are available 
island-wide and play a vital role in providing a high 
quality of therapy and support to motivate clients to 
gain functional independence.

Main services in DRCs include physiotherapy, 
occupational therapy and speech therapy. 
Physiotherapy and occupational therapy are generally 
available at all DRCs while speech therapy is only 
available in specific centres. However, there will soon 
be more centres providing speech therapy services in 
view of rising demand.  

Services and care provided at DRCs adopt a 
multidisciplinary team approach, consisting of a 
primary physician, physiotherapist, occupational 
therapist, speech therapist, nurses, and a medial 

social worker. Rehabilitation potential of clients 
can be maximized through structured rehabilitation 
programs with a multidisciplinary team. Each of 
the therapy programs is individualized with aims to 
achieve specific rehabilitation goals and objectives of 
optimising a client’s ADL and mobility, and reduce 
fall risk. 

The process of rehabilitation consists of (i) 
assessment, (ii) identification of care needs, strengths 
and limitations, (iii) rehabilitation potential, (iv) goal 
setting, (v) therapy; and, (vi) outcome evaluation. 
The approach to setting rehabilitation goals should 
be SMART (i.e. Specific, Measurable, Achievable, 
Realistic and Time-bound). Wherever possible, the 
preferences and views of clients and his/her caregiver 
should be taken into consideration when setting 
specific intervention rehabilitation plans and goals. 
Physical activity sessions provided by DRCs are 
conducted by trained care staff and qualified 
therapists. The main types of exercises include the 
following:
i. Range of motion exercises (passive and active)
ii. Stretching exercises (static and dynamic) 
iii. Strengthening exercises (isometric, concentric and 

eccentric) using various form of resistance (e.g. body 
weight, elastic bands, gym equipment)

iv. Cardiovascular training/Aerobic exercises
v. Balance and coordination exercises (static and 

dynamic)
vi. Functional re-training.

Physical activity sessions carried out in the centre can 
either be individual or in groups; these may include 
games to make the sessions more interactive and 
enjoyable. 

Examples of rehabilitation services provided by SPD-
run DRCs are listed below:1 

1. Physiotherapy 
 • Balance training
 • Gait analysis and training
 • Muscle re-education
 • Joint range of motion, strengthening and endurance
 • Pain management
 • Patient and caregivers training
 • Musculoskeletal cases
 • Walking aid prescription.

2. Occupational Therapy 
 • Upper limbs strengthening and fine motor   

coordination
 • Cognitive and perceptual rehabilitation
 • Re-training of activities of daily living and home 

management skills
 • Home modifications
 • Recommendation and training in the use of 

adaptive equipment
 • Training for patients and caregivers
 • Community mobility re-training.

 3. Speech Therapy 
 • Swallowing assessment and 

rehabilitation
 • Speech and language 

rehabilitation
 • Alternative and augmentative 

communication (AAC) 
recommendation

 • Communication group therapy
 • Voice therapy
 • Patient and caregiver training 

and education.

Additionally, some DRCs (such 
as those run by SPD and ABLE 
[Abilities Beyond Limitations and 
Expectations]) offer transition-to-
employment programs or return-
to-work programs with the aim 
of aiding physically challenged 
clients integrate  
back into the community and 
workforce (Figure 1).2 Suitable 
clients will be screened and 
recruited into return-to-work 
programs. Thus, apart from 
receiving standard active 
rehabilitation, they will be 
provided vocational counselling, 
work hardening training, 
job matching, job redesign, 
employment placement and job 
support. If necessary, a work 
place visit and discussion with 
the client’s employer will be 
undertaken in order to reintegrate 
him or her into the community 
with a safe working environment.

Frequency of therapy is usually 
once or twice weekly, depending 
on the availability of resources 
and clients’ care requirements. 
Most DRCs offer twice weekly 
rehabilitation for acute conditions, 
followed by once weekly 
maintenance rehabilitation 
according to clients’ progress  
and needs.

For clients having difficulties 
taking public transport to their 
intended DRC, some centres 
provide transport services from 
home to centre and vice versa, for 
an additional fee.  

Rehabilitation goals are reviewed 
approximately 6 months after 
commencing therapy, or when 
there is a change in the client’s 
condition; goals and care plans are 
also revised accordingly thereafter. 
Extension of duration of 
rehabilitation at DRCs is possible 
if the client continues to benefit 
from the therapy.

All DRCs are well-equipped 
with a comprehensive range of 
equipment to support clients 
in their rehabilitation journey, 
under the care and guidance of 
experienced therapy teams (Figure 
2). As a result of advancements 
in rehabilitation medicine, some 
DRCs have started to provide 

robotic rehabilitation in recent 
years in addition to conventional 
therapy. Robotic rehabilitation 
helps to improve the efficiency of 
therapy by reducing the amount 
of work required from therapists 
for a higher patient load. Robotic 
systems are able to serve patients 
with more severe impairments 
in their physical function. For 
example, a patient with complete 
paraplegia may now be able to 
ambulate using a robotic system.

Figure 2. The DRC team at St Hilda Community 
Services.
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How to apply to a DRC?
The Agency for Integrated Care (AIC) is the central 
coordinating body for the placement of patients in 
intermediate and long-term care (ILTC) services.  
A doctor’s referral is needed in order for the clients 
to participate in DRC therapy; this has to be made 
through AIC via its online system or a hard copy 
referral form if clients are receiving government 
subsidies. All applications to DRCs will be screened 
by AIC for eligibility. The approval process usually 
takes 1 to 2 weeks, and clients will be contacted by  
AIC thereafter to confirm the service needs and 
preferred DRC location. Rejected applications and 
the reasons for rejection will be communicated to the 
referrer. Common reasons for rejection include client 
or family withdrawal, insufficient information, and 
client not meeting the specific requirements/criteria 
for DRC therapy. 

Referral Process and Suitability
Once AIC receives referrals from any registered  
doctor in Singapore, the client’s medical conditions 
and information will be screened, and appropriate 
services will be arranged thereafter according to the 
client’s needs.

To facilitate the whole referral process, the referral 
form should contain as much as possible the following 
information:3

i. Reason for referral (i.e. type of service required); 
ii. Patient’s personal particulars; 
iii. Patient’s social information/history; 
iv. Patient’s medical information/history, including 

diagnosis, medical conditions, investigations, 
management to-date, medications and drug allergies; 

v. Results of any screening conducted for the patient 
(i.e. for any infectious disease, special precautions); 

vi. Patient’s current functional status (i.e. physical and 

cognitive abilities); 
vii. Patient’s personal references (if any, for example in 

terms of diet and activities); and, 
viii. Particulars of referral sources.

Role of Doctors as Part of Day 
Rehabilitation Services
The primary physician should perform a comprehensive 
assessment of the patient, including evaluation of his or 
her medical fitness and rehabilitation needs.
Important information that may affect rehabilitation 
progress should be documented and conveyed to the 
therapist so as not to compromise the client’s safety 
during rehabilitation.

i. Medical stability
Assessment of medical stability is of utmost importance 
prior to referral to a DRC. 

Recent cardiac events or underlying pulmonary disease 
should be documented, in addition to safety precautions 
post-cardiac event in terms of heart rate limitations and 
effort tolerance. Such information is vital so that clients 
can be prescribed the appropriate level of physical 
activity. Consultation with a cardiologist or respiratory 
physician may be necessary to ascertain the safety limits 
of exercise in this group of clients. Clients with unstable 
cardiopulmonary condition should not be referred to a 
DRC, unless specified by their primary physician.

Other medical conditions such as orthostatic 
hypotension should be excluded or be under  
medication control. This condition imposes a high risk 
of falls and is frequently seen in older clients as well as 
those with underlying diabetes, spinal cord injury or 
stroke. The primary physician also has to ensure that the 
client’s chronic disease(s) is/are relatively well controlled 
(e.g. blood pressure, diabetes, psychological issues, end 
stage renal disease, etc.). Clients with any communicable 
infectious disease are not suitable for DRC therapy as 
there is no isolation room to prevent contact or spread of 
active disease to others. 

ii. Weight bearing status
A history of fracture and advise not to bear weight  
on any specific joint should be documented, in order to 
avoid worsening the fracture or affecting the  
healing process. Duration of weight bearing, type of 
weight bearing (partial or nil), presence of limited  
range of motion over the joint and the date of the 
upcoming follow-up visit with the surgeon should be 
made known to the therapist prior to referral to a DRC. 
The type of physical activity is largely dependent on  
the weight bearing status of the limbs. Serious 
complications may occur if this information is not 
conveyed to the DRC. 

Clients who are not supposed to weight bear on their 
legs have limited benefit from DRC therapy, thus they 
should be referred at a more appropriate time, when 
they are cleared for ambulation. 
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iii. Behavioural issue and cognitive status
Clients with severe cognitive impairment and unstable 
behavioural issue are not suitable for DRC therapy as 
they may not be able to obey commands and participate 
well during sessions. Clients with unstable behavioural 
or psychiatric issues may put them at risk of injury, and 
may endanger others. Clients with mild to moderate 
cognitive impairment who are still able to follow 
instructions and participate in sessions will be suitable 
for DRC therapy.

iv. Patient and family consent
Consent should be taken from the patient or family 
members prior to referral to a DRC. The primary 
physician should inform them about the types of 
services, frequency of therapy and indication of DRC. 
Additionally, the patient should be motivated to 
participate in physical activity sessions in order to gain 
the most benefit from DRC therapy.

v. Other important issues
Presence of pain, spasticity, skin ulcer or pressure sores 
should be documented in the referral form so the 
therapist takes care to avoid injury to that particular 
area. To avoid the interruption of therapy sessions 

due to pain or orthostatic hypotension, the primary 
physician should advise the patient on suitable timings 
of consuming medications so they do not experience 
these during therapy. Clients with spasticity may be 
referred to the rehabilitation physician for management 
of the condition, and to facilitate the therapy sessions 
and rehabilitation progress. 

Knowing the effort tolerance of the client is important  
so that a suitable level of physical activity can be 
prescribed to the patient during DRC therapy. This is 
especially important for clients whose eventual goal 
is to return to work, where they will need to be able to 
tolerate a higher level of physical activity.

It is recommended that clients discuss with  
their primary physician and therapist to develop 
the appropriate short-term and long-term 
rehabilitation goals in order for them to have  
structured rehabilitation plans.

Although the eligibility criteria to qualify for  
DRC therapy may appear to be quite stringent,  
clients with certain conditions (Table 1) will still be 
accepted for therapy.3

Condition

Multi-Drug Resistant Organism infection 
(Colonised)

Psychiatric/Dementia

Parkinson’s Disease (PD)

Cardiac / Respiratory conditions

Pulmonary Tuberculosis (PTB)

Cancer (prognosis > 1 year)

HIV-positive

Hepatitis

Nasogastric/Gastrostomy feeding

Urinary catheter/Supra-pubic catheter care

Colostomy care

Accept for DRC therapy?

Accept

Accept stable psychiatric/dementia patients

Accept stable PD patients

Accept patients with stable cardiac/
respiratory	conditions	who	are	certified	to	
be suitable for rehabilitation

Accept treated and existing PTB patients 
who are not infectious

Accept

Accept

Accept

Accept

Accept

Accept

Table 1. Admission to DRCs for patients with certain medical conditions.
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DR ONG POO LEE (left) is a senior resident in the 
Department of Rehabilitation Medicine,  
Tan Tock Seng Hospital. 

DR TAN KOK HENG ADRIAN (right) is a 
senior consultant and family physician in the 
Department of Continuing and Community Care, 
Tan Tock Seng Hospital.

Cost
Services provided by DRCs are 
subsidised by the government. If 
clients are from a lower income 
household, they will be granted 
higher subsidies under the means-
testing framework. DRC costs 
vary from one centre to another; 
the estimated cost of active 
rehabilitation ranges from $36 
to $85 per session, while that of 
maintenance rehabilitation ranges 
from $12 to $70 per session; charges 
are before subsidy and exclude 
transport services.4 If the client 
needs additional subsidies, they 
may appeal to the social worker; 
this application will be considered 
on a case-by-case basis.   
 
Limitations
Most DRCs are mainly operated by 

therapists with the aim of achieving 
a set of rehabilitation goals directed 
towards improvement in functional 
status. A key limitation is the lack 
of consultation with a primary 
physician, especially in complex 
cases. Furthermore, therapists 
and other allied health workers 
may face issues which interrupt 
rehabilitation progress (such as 
spasticity, pain, worsening of 
underlying medical conditions e.g. 
leg swelling, fluid overload, etc.). 
As the therapist usually does not 
have any contact with the client’s 
primary physician, they are not 
able to seek clarification regarding 
the patient’s medical issues; this 
may consequently slow down the 
rehabilitation journey as they have 
to put the sessions on hold while 
the client seeks treatment. Presence 

of a primary physician who is 
able to provide timely medical 
information, and a feedback loop 
for therapists or allied health 
workers to seek clarification,  
will render the whole rehabilitation 
care seamless. 

Conclusion
DRCs provide various services and 
bring them together under one roof 
for easier access by the community. 
They provide comprehensive care 
and improve health outcomes, and 
also prevent hospital readmissions. 
The multi-disciplinary nature of 
DRC therapy provides holistic 
care for the patient - medical 
professionals work close together so 
that clients can enjoy seamless care 
as they recover from their injuries 
or medical illness.
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REHABILITATION POTENTIAL OF CLIENTS CAN BE MAXIMIZED 
THROUGH STRUCTURED REHABILITATION PROGRAMS 

WITH A MULTIDISCIPLINARY TEAM. EACH OF THE THERAPY 
PROGRAMS IS INDIVIDUALIZED WITH AIMS TO ACHIEVE 

SPECIFIC REHABILITATION GOALS AND OBJECTIVES  
OF OPTIMISING A CLIENT’S ADL AND MOBILITY,  

AND REDUCE FALL RISK.
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FAILURE - AN UPDATE ON THE 
RECENT CARDIOVASCULAR 
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The relationship between diabetes mellitus and 
heart failure
Diabetes mellitus and heart failure (HF) are two chronic 
diseases that often co-exist, leading to significant 
mortality and morbidity. HF patients who have diabetes 
have a higher risk of cardiovascular (CV) death and 
hospitalisation for heart failure (HHF), compared to 
those without diabetes.1 The Framingham Study showed 
that diabetes increased the risk of heart failure by 2-fold 
and 5-fold in men and women, respectively.2 Even after 
adjustment for other risk factors such as coronary heart 
disease and hypertension, the heightened risk persisted.3 
This suggests that diabetes itself may cause some form 
of injury to the myocardium, leading to the concept of 
diabetic cardiomyopathy (DCM). 

Diabetic cardiomyopathy
The American Heart Association defines DCM as 
the existence of abnormal myocardial structure and 
performance in the absence of other cardiac risk factors 

(such as coronary artery disease, hypertension, and 
significant valvular disease) in individuals with diabetes 
mellitus.4 Changes characteristic of DCM include left 
ventricular hypertrophy, myocardium and interstitial 
fibrosis leading to diastolic dysfunction and systolic 
dysfunction, and eventually clinical HF.5,6 

Unmet treatment needs 
While there is conclusive evidence that supports 
intensive glycaemic control in reducing the risk 
of microvascular complications, the evidence for 
reduction of CV outcome is mixed.7 Although the 
long-term follow-up of the DCCT and UKPDS studies 
demonstrated a significant reduction in CV outcomes, 
the ADVANCE and VADT studies showed otherwise 
in the intensive glycaemic control group. Furthermore, 
the ACCORD study demonstrated a higher mortality in 
the intensive glycaemic control group, leading to early 
termination of the study.7-9

In heart failure with reduced ejection fraction (HFrEF), 
guideline-recommended therapy including angiotensin 

converting enzyme inhibitor (ACEI), angiotensin 
receptor blocker (ARB), angiotensin receptor-neprilysin 
inhibitor (ARNI), beta blocker and mineralcorticoid 
receptor antagonist (MRA) have been shown to be 
effective in reducing mortality and HHF when titrated 
to specified doses in studies.10 Analysis of the ASIAN-HF 
registry, however, revealed that guideline-recommended 
doses were achieved in only 17 % of patients for ACEI 
or ARB, 13 % for beta blockers and 29 % for MRA.11 
Challenges in achieving guideline-recommended doses 
may be partly attributed to time and cost needed for 
drug titration over multiple visits, as well as side effects 
to medications (e.g. hypotension, hyperkalemia, renal 
dysfunction, etc.). Moreover, mortality benefits resulting 
from pharmacotherapy used in HFrEF have not been 
replicated in heart failure with preserved ejection 
fraction (HFpEF).10

Following concerns of increased risk of myocardial 
infarction and heart failure associated with 
rosiglitazone, the U.S Food and Drug Administration 
(FDA) mandated CV outcome trials (CVOTs) for all new 
diabetic drugs.12 In recent years, several CVOTs have 
sparked great interest and are gradually changing the 
landscape of the management of HF and diabetes.

Cardiovascular outcome trials of Dipeptidyl 
peptidase-4 inhibitor, Sodium-glucose transport 
protein 2 inhibitor and Glucagon-like peptide-1 
receptor agonist
Dipeptidyl peptidase-4 (DPP-4) inhibitors
While DPP-4 inhibitors generally do not demonstrate 
increased risk of major adverse cardiovascular events 
(MACE), there are signals of increased HHF with 
saxagliptin and alogliptin. Saxagliptin was noted to 
significantly increase HHF in the SAVOR-TIMI 53 trial 
[HR 1.27; 95% CI 1.07 - 1.51, p = 0.007].13 A similar but  
non-statistically significant trend was noted in the 
EXAMINE trial with alogliptin [HR 1.19; 95% CI 0.90 
- 1.58, p = 0.220].14 This trend was not observed with 
linagliptin and sitagliptin.15,16 The mechanism by which 
selected DPP-4 inhibitors increase the risk for HHF 
remains unclear.
  
Sodium-glucose transport protein 2  
(SGLT2) inhibitors
Among the three SGLT2 inhibitors studied to date, 
empagliflozin is the only one which significantly reduces 
MACE (14 %), all-cause mortality (32 %) and CV deaths  
(38 %). Canagliflozin also reduces the risk of MACE by  
14 % while dapagliflozin does not result in any significant 
reduction in MACE. A possible explanation could be the 
relatively lower risk study population in the DECLARE-
TIMI 58 trial for dapagliflozin with only 40 % with 
established CV disease, compared to 64 % in the CANVAS 
trial for canagliflozin and 99 % in the EMPA-REG trial for 
empagliflozin (Table 1). This was confirmed by a meta-
analysis of these three SGLT2 inhibitors trials which 
showed that the reduction of MACE was only observed in 
patients with established CV disease.20

Despite the difference in patient 
populations, all three trials were 
consistent in the reduction of 
HHF (Table 1). As these trials did 
not originally set out to study the 
effect on HF, the proportion of HF 
patients in the study population was 
low in all 3 trials (10 % – 14 %). This 
suggests that the reduction of HHF 
observed may be more of a primary 
prevention effect.

The recent DAPA-HF trial showed 
that in patients with HF and 
reduced ejection fraction (≤ 40 
%) with or without type 2 DM, 
dapagliflozin reduces the composite 
primary endpoint of CV deaths, 
hospitalisation for HF or urgent 
visit for HF by 26 % (p < 0.001).21 
Dapagliflozin also reduced CV 
deaths by 18 % and all-cause 

mortality by 17 %. In a subgroup 
analysis, the primary endpoint was 
maintained in patients, regardless 
of the presence or absence of type 
2 DM. The endpoint, however, was 
only maintained in patients with 
a history of HHF and not in those 
without HHF. This pivotal study 
shed light on the benefits of SGLT2 
inhibitors in established HF beyond 
primary prevention. Ongoing trials 
such as EMPEROR REDUCED, 
EMPEROR PRESERVED and 
DELIVER, are looking into the 
effects of empagliflozin in HFrEF 
and HFpEF, and dapagliflozin in 
HFpEF respectively.  

Interestingly, the benefits relating to 
CV death and HHF were observed 
early in the trials, and appear 
to have little connection with 

conventional risk factor reduction. 
Benefits were preserved in both non-
diabetic patients and patients across 
the spectrum of renal function 
(eGFR 30 to > 90 ml/min/1.73m2), 
although the glucose lowering 
efficacy of SGLT2 inhibitors 
decreases with worsening of renal 
function.21,22 Blood pressure lowering 
from diuresis and natriuresis also 
failed to effect any reduction in 
atherosclerotic endpoints such as 
stroke or myocardial infarction. 
Several potential mechanisms 
of SGLT2 inhibitors-related 
cardiovascular benefits have been 
proposed (Table 2).

Glucagon-like peptide-1 (GLP-1)  
receptor agonists
Among the class of GLP-1 receptor 
agonists, liraglutide, semaglutide, 

Trial name 
(Drug)

Number of patients

Median follow up 
(years)

Patient population

History of HF (%)

Outcomes, HR (95% CI)

Primary outcome
MACE (CV death, 
non-fatal myocardial 
infarction, non-fatal 
stroke)

All-cause mortality

CV mortality

Hospitalisation for HF 
(HHF)

Myocardial infarction

Stroke

EMPA-REG Outcome17

(Empagliflozin)

7020

3.1

99	%	established	
atherosclerosis,

1	%	multiple	risk	factors

10

0.86	(0.74	-	0.99)

0.68	(0.57	-	0.82)

0.62	(0.49	-	0.77)

0.65	(0.50	-	0.85)

0.87	(0.70	-	1.09)

1.18	(0.89	-	1.56)

Table 1. Summary of key trials involving SGLT2 inhibitors.

CANVAS Program18

(Canagliflozin)

10,142

2.4

64	%	established	
atherosclerosis,

36	%	multiple	risk	factors

14

0.86	(0.75	-	0.97)

0.87	(0.74	-	1.01)

0.87	(0.72	-	1.06)

0.67	(0.52	-	0.87)

0.89	(0.73	-	1.09)

0.87	(0.69	-	1.09)

DECLARE-TIMI 5819

(Dapagliflozin)

17,160

4.2

40	%	established	
atherosclerosis,

60	%	multiple	risk	factors

10

0.93	(0.84	-	1.03)

0.93	(0.82	-	1.04)

0.98	(0.82	-	1.17)

0.73	(0.61	-	0.88)

0.89	(0.77	-	1.01)

1.01	(0.84	-	1.21)

The more gradual onset, longer duration of action, and steadier 
serum insulin levels of Toujeo could potentially result in reduced 
hypoglycemic occurrences, compared to insulin glargine U-100.
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Improvement in ventricular loading conditions
  • Preload reduction (via osmotic diuresis and natriuresis)
  • Afterload reduction (via blood pressure and arterial stiffness reduction)

Increased myocardial energetics via utilising ketone as alternative source of cardiac energy

Cardiomyocyte	sodium-hydrogen	exchanger	inhibition	minimises	myocyte	injury,	fibrosis,	hypertrophy	and	remodelling

Reduction in left ventricle mass

Inhibition	of	cardiac	fibrosis

Improvement in diastolic and systolic function

Table 2. Potential mechanisms of cardio-protective effect of SGLT2 inhibitors.23

albiglutide and dulaglutide have demonstrated a 
significant reduction in MACE. Lixisentide and 
exenatide are the exceptions in this class of drugs. The 
reduction in MACE was driven by reduction in stroke 
for semaglutide and dulaglutide, and reduction in 
myocardial infarction for albiglutide. Liraglutide also 
reduced CV death by 22 % and all-cause mortality by 15 
% (Table 3). 

In contrast to the early (< 3 months) onset of benefits 
seen with empagliflozin, liraglutide in the LEADER 

trial demonstrated a more delayed (> 12 months) 
time to separation in the Kaplan-Meier curve.25 This 
suggests that the mechanism of CV benefit from GLP-
1 receptor agonists is likely atherosclerotic disease 
modifying in nature. Unlike SGLT2 inhibitors, GLP-1 
receptor agonists are neutral for HHF events. The 
heterogeneity in CV benefits across GLP-1 receptor 
agonists is not well understood. Possible reasons could 
be pharmacodynamic and pharmacokinetic differences 
among the drugs, trial design, study duration and 
patient population.

Trial name 
(Drug)

Number of 
patients

Median follow 
up (years)

Established 
CVD (%)

History of HF 
(%) 

Outcomes, HR 
(95% CI)

Primary 
outcome:
MACE 

All-cause 
mortality

CV mortality

Hospitalisation 
for HF

Myocardial 
infarction

Stroke

ELIXA24

(Lixisenatide)

6068

2.1

100

22

1.02
(0.89	–	1.17)

0.94
(0.78	–	1.13)

0.98
(0.78	–	1.22)

0.96
(0.75	–	1.23)

1.03
(0.87	–	1.22)

1.12
(0.79	–	1.58)

LEADER25

(liraglutide)

9340

3.8

82

18

0.87
(0.78	–	0.97)

0.85
(0.74	–	0.97)

0.78
(0.66	–	0.93)

0.87
(0.73	–	1.05)

0.86
(0.73	–	1.00)

0.86
(0.71	–	1.06)

SUSTAIN-626

(Semaglutide)

3297

2.1

83

24

0.74
(0.58	–	0.95)

1.05
(0.74	–	1.50)

0.98
(0.65	–	1.48)

1.11
(0.77	–	1.61)

0.74
(0.51	–	1.08)

0.61
(0.38	–	0.99)

EXSCEL27

(Exenatide)

14	752

3.2

73

16

0.91
(0.83	–	1.00)

0.86
(0.77	–	0.97)

0.88
(0.76	–	1.02)

0.94
(0.78	–	1.13)

0.97
(0.85	–	1.10)

0.85
(0.70	–	1.03)

HARMONY28

(Albiglutide)

9463

1.6

100

20

0.78
(0.68	–	0.90)

0.95
(0.79	–	1.16)

0.93
(0.73	–	1.19)

0.85
(0.70	–	1.04)

0.75
(0.61	–	0.90)

0.86
(0.66	–	1.14)

REWIND29

(Dulaglutide)

9901

5.5

31.5

8.6

0.88
(0.79	–	0.99)

0.90
(0.80	–	1.01)

0.91
(0.78	–	1.06)

0.93
(0.77	–	1.12)

0.96
(0.79	–	1.15)

0.76
(0.62	–	0.94)

Table 3. Summary of key trials involving GLP-1 receptor agonists.

Guideline recommendations for Type 2 DM
In view of current and emerging evidence on the varying 
levels of CV benefits seen with diabetic drugs, local and 
international associations have put forward guidelines 
for the recommended management of patients with 
diabetes (Figure 1).30-33

Conclusion
It has been over a decade since the FDA mandated 
CVOTs for new therapies in diabetes. In addition to the 
original intent of providing reassurance of CV safety 
for new antidiabetic drugs, the completed CVOTs to 

date have yielded pertinent evidence on the CV benefit 
for specific drugs and drug classes.  These studies have 
also led to further studies on non-CV benefits (e.g. 
nephroprotection), and highlighted safety concerns, 
such as heart failure and lower limb amputations. It 
is now vital for physicians to remain updated on 
the CV benefits and safety profiles of different 
antidiabetic drugs, in order to tailor T2DM treatment 
regimens. CVOTs have transformed the management 
of diabetes, and will continue to do so, as their study 
designs evolve to address further research questions 
relevant to clinical practice.

Figure 1. Guidelines by various bodies on the recommended management of patients with diabetes.



PHARMACY MEDICAL DIGEST 36 MEDICAL DIGEST37

REFERENCES
1. MacDonald MR, Petrie MC, Varyani F, et al. Impact of diabetes on outcomes in patients with low and preserved ejection fraction heart 

failure: an analysis of the Candesartan in Heart failure: Assessment of Reduction in Mortality and morbidity (CHARM) programme. 
European Heart Journal 2008; 29(11): 1377-1385.

2. Kannel WB & McGee DL. Diabetes and cardiovascular disease. The Framingham study. JAMA 1979; 241(19): 2035-2038.
3. Kannel WB, Hjortland M & Castelli WP. Role of diabetes in congestive heart failure: the Framingham study. The American Journal of 

Cardiology 1974; 34(1): 29-34.
4. Jia G, Hill MA & Sowers JR. Diabetic Cardiomyopathy: An Update of Mechanisms Contributing to This Clinical Entity. Circulation 

Research 2018; 122(4): 624-638.
5. Shehadeh A & Regan TJ. Cardiac consequences of diabetes mellitus. Clinical Cardiology 1995; 18(6): 301-305.
6. Jia G, DeMarco VG & Sowers JR. Insulin resistance and hyperinsulinaemia in diabetic cardiomyopathy. Nat Rev Endocrinol. 2016; 12(3): 

144-153.
7. Skyler JS, Bergenstal R, Bonow RO, et al. Intensive glycemic control and the prevention of cardiovascular events: implications of the 

ACCORD, ADVANCE, and VA diabetes trials: a position statement of the American Diabetes Association and a scientific statement of 
the American College of Cardiology Foundation and the American Heart Association. Diabetes Care 2009; 32(1): 187-192.

8. Nathan DM, Cleary PA, Backlund JY, et al. Intensive diabetes treatment and cardiovascular disease in patients with type 1 diabetes. N 
Engl J Med. 2005;353(25):2643-2653.

9. Holman RR, Paul SK, Bethel MA, et al. 10-Year Follow-up of Intensive Glucose Control in Type 2 Diabetes. N Engl J Med. 2008; 359(15): 
1577-1589.

10. Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: The 
Task Force for the diagnosis and treatment of acute and chronic heart failure of the European Society of Cardiology (ESC) Developed 
with the special contribution of the Heart Failure Association (HFA) of the ESC. European Heart Journal 2016; 37(27): 2129-2200.

11. Teng T-HK, Tromp J, Tay WT, et al. Prescribing patterns of evidence-based heart failure pharmacotherapy and outcomes in the ASIAN-
HF registry: a cohort study. The Lancet Global Health 2018; 6(9): e1008-e1018.

12. Nissen SE & Wolski K. Effect of Rosiglitazone on the Risk of Myocardial Infarction and Death from Cardiovascular Causes. N Engl J 
Med. 2007; 356(24): 2457-2471.

13. Scirica BM, Bhatt DL, Braunwald E, et al. Saxagliptin and Cardiovascular Outcomes in Patients with Type 2 Diabetes Mellitus. N Engl J 
Med. 2013; 369(14): 1317-1326.

14. U.S. Food & Drug Administration (2018). FDA Drug Safety Communication: FDA adds warnings about heart failure risk to labels of type 
2 diabetes medicines containing saxagliptin and alogliptin. Available from: https://www.fda.gov/drugs/drug-safety-and-availability/fda-
drug-safety-communication-fda-adds-warnings-about-heart-failure-risk-labels-type-2-diabetes. Accessed: 03 Jan 2020.

15. Rosenstock J, Perkovic V, Johansen OE, et al. Effect of Linagliptin vs Placebo on Major Cardiovascular Events in Adults With Type 2 
Diabetes and High Cardiovascular and Renal Risk: The CARMELINA Randomized Clinical Trial. JAMA 2019; 321(1): 69-79.

16. McGuire DK, Van de Werf F, Armstrong PW, et al. Association Between Sitagliptin Use and Heart Failure Hospitalization and Related 
Outcomes in Type 2 Diabetes Mellitus: Secondary Analysis of a Randomized Clinical Trial. JAMA Cardiology 2016; 1(2): 126-135.

17. Zinman B, Wanner C, Lachin JM, et al. Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes. N Engl J Med. 2015; 
373(22): 2117-2128.

18. Neal B, Perkovic V, Mahaffey KW, et al. Canagliflozin and Cardiovascular and Renal Events in Type 2 Diabetes. N Engl J Med. 2017; 
377(7): 644-657.

19. Wiviott SD, Raz I, Bonaca MP, et al. Dapagliflozin and Cardiovascular Outcomes in Type 2 Diabetes. N Engl J Med. 2018; 380(4): 347-
357.

20. Zelniker TA, Wiviott SD, Raz I, et al. SGLT2 inhibitors for primary and secondary prevention of cardiovascular and renal outcomes in 
type 2 diabetes: a systematic review and meta-analysis of cardiovascular outcome trials. The Lancet 2019; 393(10166): 31-39.

21. McMurray JJV, Solomon SD, Inzucchi SE, et al. Dapagliflozin in Patients with Heart Failure and Reduced Ejection Fraction. N Engl J 
Med. 2019; 381(21): 1995-2008.

22. Wanner C, Lachin JM, Inzucchi SE, et al. Empagliflozin and Clinical Outcomes in Patients With Type 2 Diabetes Mellitus, Established 
Cardiovascular Disease, and Chronic Kidney Disease. Circulation 2018; 137(2): 119-129.

23. Lam CSP, Chandramouli C, Ahooja V, Verma S. SGLT2 Inhibitors in Heart Failure: Current Management, Unmet Needs, and Therapeutic 
Prospects. Journal of the American Heart Association. 2019;8(20):e013389.

24. Pfeffer MA, Claggett B, Diaz R, et al. Lixisenatide in Patients with Type 2 Diabetes and Acute Coronary Syndrome. N Engl J Med. 2015; 
373(23): 2247-2257.

25. Marso SP, Daniels GH, Brown-Frandsen K, et al. Liraglutide and Cardiovascular Outcomes in Type 2 Diabetes. N Engl J Med. 2016; 
375(4): 311-322.

26. Marso SP, Bain SC, Consoli A, et al. Semaglutide and Cardiovascular Outcomes in Patients with Type 2 Diabetes. N Engl J Med. 2016; 
375(19): 1834-1844.

27. Holman RR, Bethel MA, Mentz RJ, et al. Effects of Once-Weekly Exenatide on Cardiovascular Outcomes in Type 2 Diabetes. N Engl J 
Med. 2017; 377(13): 1228-1239.

28. Hernandez AF, Green JB, Janmohamed S, et al. Albiglutide and cardiovascular outcomes in patients with type 2 diabetes and 
cardiovascular disease (Harmony Outcomes): a double-blind, randomised placebo-controlled trial. The Lancet 2018; 392(10157): 1519-
1529.

29. Gerstein HC, Colhoun HM, Dagenais GR, et al. Dulaglutide and cardiovascular outcomes in type 2 diabetes (REWIND): a double-blind, 
randomised placebo-controlled trial. The Lancet 2019; 394(10193): 121-130.

30. Pharmacologic Approaches to Glycemic Treatment: Standards of Medical Care in Diabetes—2019. Diabetes Care 2019; 42(Supplement 
1): S90-S102.

31. Cosentino F, Grant PJ, Aboyans V, et al. 2019 ESC Guidelines on diabetes, pre-diabetes, and cardiovascular diseases developed 
in collaboration with the EASD: The Task Force for diabetes, pre-diabetes, and cardiovascular diseases of the European Society of 
Cardiology (ESC) and the European Association for the Study of Diabetes (EASD). European Heart Journal 2019; 41(2): 255-323.

32. Seferovic PM, Ponikowski P, Anker SD, et al. Clinical practice update on heart failure 2019: pharmacotherapy, procedures, devices and 
patient management. An expert consensus meeting report of the Heart Failure Association of the European Society of Cardiology. 
European Journal of Heart Failure 2019; 21(10): 1169-1186.

33. Agency for Care Effectiveness, Ministry of Health Singapore (2017). Appropriate Care Guide: Oral glucose-lowering agents in type 
2 diabetes mellitus – an update. Available from: http://www.ace-hta.gov.sg/public-data/our-guidance/Oral%20glucose-lowering%20
agents%20in%20T2DM%20(Updated%20on%203%20August%202017).pdf. Accessed: 03 Jan 2020.

MS NG GIOK QIN is a senior 
pharmacist in the Department 
of Pharmacy, 
Tan Tock Seng Hospital.

RADIOLOGY QUIZ
TRY OUR RADIOLOGY QUIZZES OF 
INTERESTING CASES SEEN IN TTSH.  
PUT YOUR KNOWLEDGE TO THE TEST  
WITH THIS ISSUE’S SCENARIO.

Background
A 62-year-old Chinese male was referred to our 
respiratory clinic for follow up for an incidental 
nodule seen at the base of the right lung on a CT 
urogram. He was asymptomatic with no associated 
clinical symptoms or family history of cancer.  
He denied exposure to asbestos, cigarette smoke, 
or other carcinogens. 

Investigations
• Haemoglobin 14.0 g/dl, white cell count  

6,000/mm3

• Sereum sodium 140 mmol/l, potassium 2.9 mmol/l, 
creatinine 57 umol/l, urea 3.9 mmol/l

• C-reactive protein and erythrocyte sedimentation  
rate – normal 

• Blood culture - no bacterial growth

Chest radiographs (Figure 1) were performed as an initial investigation. 

Figure 1. AP (left) and lateral (right) chest radiographs.

RADIOLOGY QUIZ



RADIOLOGY QUIZ MEDICAL DIGEST 38 RADIOLOGY QUIZMEDICAL DIGEST39

Answers
1) Localized mass seen in the posterior segment of the right lower lobe (best seen in the lateral view) with sharply 

defined borders. In the AP radiograph, the opaque mass is seen beneath the right hemidiaphragm. This would be 
easily missed if a single AP radiograph was performed. 

2) A well-defined heterogeneously enhancing soft tissue mass in the posterior basal segment of the right lung. Apart 
from characterizing the tumour, further information regarding local invasion or lymphadenopathy is better 
demonstrated on CT. No calcification, fat density change or cavitation is seen within this mass. There was no 
associated chest wall involvement/bony erosion or lymphadenopathy. 

Questions 
1) What are the findings on this patient’s chest radiographs? 
2) What additional information does the CT provide?
3) What are the differential diagnoses for this patient’s condition?

Figure 2a. Contrast enhanced axial CT thorax. 

Figure 2b. Contrast enhanced coronal CT thorax. 

DISCUSSION
Solitary fibrous tumour (SFT) is an uncommon neoplasm 
of mesenchymal origin. It can be benign or malignant 
(15 – 20 %). SFTs are most commonly pleural in origin, 
but can be encountered in other parts of the body. In this 
current case, the tumour was intrapulmonary in origin.

SFTs usually occur in the 5th - 6th decade of life. Up to 50 
% of patients are asymptomatic. If symptoms are present, 
patient complaints include chills, sweats, weakness and 
weight loss. It can be associated with hypoglycemia 
secondary to production of insulin-like-growth factor, 
osteoarthropathy, arthralgia and clubbing. 

The general imaging features of SFT are non-specific. 
It is commonly incidentally found on radiography or 
CT. It may be hypodense or hyperdense with respect 
to muscle. Its attenuation is dependent on the collagen 
content. There is considerable overlap in the type of 
enhancements seen with CT, in which 100 % of malignant 
SFT and 60 % of benign SFT exhibit heterogeneous 
enhancement. These tumours are highly vascular and 
have a propensity to undergo myxoid degeneration.

Histologically, SFTs are composed of spindle cells 
within a background of collagen stroma. The 
diagnosis is confirmed by characteristic positive 
immunohistochemical staining for CD34 and negative 
staining for S-100. 

Treatment is by complete excision, which is typically 
curative. Long-term follow-up is recommended,  
as the highest rate of recurrence is within the first 
24 months. 

LEARNING POINTS
• In the AP radiograph, an opaque mass seen 

beneath the right hemidiaphragm may still be 
within the lungs because the posterior aspect of 
the lung extends behind and below the top of the 
diaphragm. 

• A lateral radiograph can be used to localise the 
lesion in this context. Evaluation with CT thorax is 
also an appropriate follow-up investigation.

• Histological correlation, performed via CT-guided 
percutaneous biopsy or bronchoscopy guided 
biopsy, is required for confirmation.
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3) Lung cancer is a differential for this case. However, this is often accompanied with lymphadenopathy and local 
invasion. History of cigarette smoking is also more common in lung cancer. 

 Carcinoid is a possible differential, as it is an avidly enhancing neoplasm. However, it is usually endobronchial and 
is associated with post-obstructive effects like atelectasis, consolidation or bronchiectasis. 

 Hamartoma is a benign neoplasm that contains a variety of tissue. Also, it is usually incidentally found on 
radiography or CT in asymptomatic patients. However, there is fat attenuation in 60 % of cases and calcification in 15 
% of cases. Both these features of intrinsic fat and calcium is virtually diagnostic. 

 A solitary fibrous tumour is uncommon, usually arising from the pleura. Tumours that originate from the lung 
are even rarer. It appears as a well-defined lobulated mass with homogenous attenuation and heterogenous 
enhancement, usually without local invasion or lymphadenopathy. 

 Tissue biopsy was performed which confirmed the diagnosis of an intrapulmonary solitary fibrous tumour. 

Solitary Fibrous Tumours (SFTs) usually occur in the 5th - 6th 
decade of life. Up to 50 % of patients are asymptomatic.  

If symptoms are present, patient complaints include chills,  
sweats, weakness and weight loss.

DR JACLYN LAU YEE CHEUN is a 
resident in the Department of Diagnostic 
Radiology, Tan Tock Seng Hospital.
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DISCUSSION
The most striking abnormality on this ECG is the 
presence of pathological Q waves with accompanying ST 
elevation and T inversions, particularly in leads V3-V5. 
In the presence of a markedly elevated troponin result, 
this indicates a late presentation (i.e. ‘evolved’) STEMI. 
The evolution of the ECG during a STEMI typically 
begins with hyperacute T waves, followed by ST 
elevation, T inversions and eventually pathological Q 
wave formation. Although similar changes may also be 
seen in left ventricular aneurysm, we would not expect a 
markedly elevated troponin result if that is the case.

Estimation of the time of STEMI is important, as 
guidelines recommend against routine angiography 
and percutaneous coronary intervention (PCI) in 
asymptomatic STEMI patients presenting > 48 hrs after 
onset of symptoms.1  

In fact, the Occluded Artery Trial (OAT) revealed  
no clinical benefit (with trend towards excess harm)  
from routine PCI of these patients when compared 
to medical management alone.2 Given that this 
gentleman was asymptomatic and elderly with multiple 
comorbidities, he was treated with optimal medical 
therapy alone.

The second ECG abnormality seen here is the presence 
of peaked P waves. Tall P waves, especially if those in the 
inferior leads (II, III, aVF) are > 2.5mm tall, are suggestive  
of right atrial enlargement.3 Given the history of COPD,  
this ECG pattern is called ‘P pulmonale’, and is likely 
secondary to pulmonary hypertension. This was 
confirmed when the patient’s 2014 echocardiogram 
report was reviewed. Notably, the left ventricular ejection 
fraction was normal and there were no wall motion 
abnormalities at that time.

DR YEW MIN SEN is a consultant in the Department of Cardiology, 
Tan Tock Seng Hospital. 
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An elderly gentleman who lives alone was brought in to the Emergency Department after he was found drowsy on 
the floor of his apartment. He was only able to give limited history but denied any chest pain or breathlessness.  
His blood pressure was 98/50 mmHg and his oxygen saturation was 96% on room air. The electronic medical record 
revealed a history of hypertension and chronic obstructive pulmonary disease (COPD) without any previous cardiac 
history. His serum troponin levels were markedly elevated. A resting 12 lead electrocardiogram (ECG) was performed 
(Figure 1). No recent ECGs were available for comparison.

Figure 1. Resting 12 lead ECG performed in the Emergency Department.

QUESTIONS
(1)  Name two ECG abnormalities observed in Figure 1.

(2)  What is the likely diagnosis?
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ANSWERS
(1) (i) Q waves with ST elevation and broad T inversions in the anterior leads, and (ii) P pulmonale.
(2) Evolved anterior ST elevation myocardial infarction (STEMI). 

CHALLENGE YOURSELF WITH OUR  
ECG QUIZ. YOU WILL BE SURPRISED WITH 
LEARNING SOMETHING NEW EVERYTIME.

Estimation of the time of STEMI is important, as guidelines 
recommend against routine angiography and percutaneous 
coronary intervention (PCI) in asymptomatic STEMI patients 

presenting > 48 hrs after onset of symptoms.1  


