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The ‘Big Four’ Diseases in Singapore
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Acute Myocardial Infarction: 
Common and Deadly Manifestation of IHD
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Acute Myocardial Infarction (AMI)
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Improving the Lives of Patients with 
Heart Attacks

• Safer inhospital treatments

• Better risk prediction

• Improved systems of care
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Coagulation cascade and anticoagulants
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Cumulative Six-month Outcomes: Bleeding vs. No Bleeding 

Rates of death/MI/stroke at 6 months were higher among patients with inhospital bleeding compared to patients without 

bleeding (6.9% vs. 8.4%, p<0.001, adjusted HR1.22, 95% C.I. 1.08-1.37); a similar pattern was seen for 6-month mortality alone 

(3.3% vs. 2.7%, p<0.001, adjusted HR 1.15, 95% C.I. 0.97-1.37). As shown in Figure 1, event curves continued to diverge over time, 

implying a pattern of sustained event accrual over time beyond the index hospitalization.  Adjusted hazard ratios for 6-month 

death/MI/stroke were 1.17, 95% C.I. 1.02-1.33 for GUSTO mild vs. no bleeding, and 1.39, 95% C.I. 1.14 – 1.70 for GUSTO 

moderate/severe vs. no bleeding. 

26,451 patients enrolled in 4 randomized trials of Acute 

Coronary Syndrome 

Bleeding is Associated with Higher Mortality

Chan, MY Am Heart J 2011
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Factor IXa and drug-antidote interactions 

Circulation. 2008;117:2865-2874 
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Chan, MY: Circulation. 2008;117:2865-2874. 
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FXIa as antithrombotic target with minimal 

bleeding risk
• FXIa inhibition has a favourable overall antithrombotic-haemostasis balance, resulting 

in minimal bleeding risk

• Genetic deficiency of FXI:

– Rare spontaneous bleeding (Asakai et al. N Engl J Med 1991, 325:153-8)

– protects from

- ischaemic stroke (Salomon et al. Blood 2008, 111:4113-7)

- venous thrombosis (Salomon et al. Thromb Haemost 2011, 105:269-73)

• Elevated FXI level

– risk factor for stroke (Yang et al. Am J Clin Pathol 2006, 126:411-5)

– myocardial infarction (Doggen et al. Blood 2006, 108:4045-51)

– venous thrombosis (Meijers et al. N Engl J Med 2000, 342:696-701; Cushman et 

al. Blood 2009, 114:2878-83)
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Our FXIa inhibitors: ability to engineer affinity & 

specificity

Purification from B. 

fasciatus venom

Purified to homogeneity, 

named fasxiator

Only affects intrinsic 

pathway of blood 

coagulation

Most selective for FXIa

Recombinantly expressed 

inhibitor has identical 

activities

Engineered inhibitor with 

higher potency

Potency improved > 1000-

fold but specificity suffers

Further designs lead to a 

mutant with Ki = 0.86 nM

and at least 170-fold more 

specific for FXIa

compared to other plasma 

serine proteases
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Our FXIa inhibitors: rich sources of 

molecules
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Kunitz-type protein 

sequences from multiple  

transcriptomes of ticks are 

filtered for their potential as 

FXIa inhibitors

Cloning of DNA 

sequences as a pool in 

yeast display vectors

Kunitz

inhibitors

FXI

a
Kunitz

inhibitors

cloning

Fluorescent-sorting of 

yeast cells that bind FXIa 

FACS

Recover plasmids from 

selected colonies to identify 

sequences encoding FXIa-

binding Kunitz-type protein

Plasmid 

isolation and 

sequencing

Recombinantly expressed 

identified sequences to 

confirm inhibition

166 unique 

sequences

8 FXIa-binding 

sequences identified

2 variants are 

produced, 

tested with 

confirmed 

activities
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Ferric chloride-

soaked filter paper

Right carotid 

artery

Doppler flow probe

Time after injury (min)

B
lo

o
d

 f
lo

w
 (

m
l/
m

in
)

Time-to-

occlusion (TTO)

Filter paper

Tail incision model 

(safety model)

Rat tail

Carotid artery 

thrombosis model 

(efficacy model)

Bleeding 

time

Pharmacodynamics: efficacy and safety

Drug administered by I.V. bolus/infusion 

through femoral vein cannula
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FXIa inhibitor has superior efficacy 

compared to heparin without risk of 

excessive bleeding (rat) 

Efficacy model: Rat carotid 

artery thrombosis (TTO)

Safety model: Rat 

tail bleeding (TBT)

At the same antithrombotic 

level, fasxiator mutant has 

much lower bleeding risk 

than heparin

salin

e

salin

e

0.05 

mg/k

g

100 

U/kg

0.1 

mg/k

g

200 

U/kg

0.5 

mg/k

g

300 

U/kg

2.0 

mg/k

g

432 

U/kg
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(2 mm diameter)

Porcine stent thrombosis model

Coronary 

stents
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Porcine Ex Vivo Stent Thrombosis
Better efficacy & safety in combination with DAPT

8-10–times 

increased 

bleeding

Similar 

or better 

efficacy

0.025 mg/kg 

Ultravariegin

(+ DAPT)

*
*

*
*

* *
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Singapore Myocardial Infarction Registry 

(SMIR) National Registry of Diseases Office (NRDO) 

Scan eMR to confirm diagnosis of AMI 

Un-matched Lists

Matched

ICD 9th Revision code of 410 was used to identify AMI 

cases in the data sources.
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Recalibration of the GRACE Score

• retaining original regression coefficients 
• Substitute the original score constants with 

constants derived using mean-centered values 
of risk factors from the Singapore cohort 

P=
exp( f [x,M ])

1+exp( f [x,M ])
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Novel Prognostic Biomarkers

• Clinical data and blood at baseline (single 

timepoint) with follow up for MACCE

Carvalho, L, JACC BTS 2018 (in press)
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12-Ceramide Prognostic Signature 
classifies AMI patients into low and high 
risk of MACCE

Carvalho, L, JACC BTS 2018 (in press)

Singapore New Zealand
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18F Na-F Imaging of Vulnerable Plaque 
and Myocardial Scar

more research is still required before 18F-NaF PET

imaging can be used as a diagnostic tool and more

validation needed in order to establish a PET threshold

to define a vulnerable plaque. For now, as described in

the ‘ ‘myth of the vulnerable plaque’ ’ by Arbab-Zadeh

and Fuster,24 a more sensible approach will be to treat

systemic risk rather than focus on specific high-risk

plaques.

The main contribution of this study was to identify,

for the first time in humans, simultaneous 18F-NaF

uptake in myocardial scar in the territory supplied by the

IRA using both PET/CT after registration with LGE and

PET/MR. Co-registration with CMR enabled structural

myocardial information otherwise unavailable from the

CT images to be incorporated into the PET/CT analysis

and directly compared with the PET/MR analysis.

Despite spillage from the left ventricular blood pool

that could affect the SUV for both myocardial scar

(mainly transmural in our study) and remote myocar-

dium, partial volume effect due to respiratory and

cardiac motion, and potential misregistration between

non-contrast CT and MRI and between PET/MR and

LGE, wedemonstrated twice that 18F-NaF is taken up by

both culprit coronary atheromata and myocardial scar

tissue. PET/MRI acquisition does not include Time of

Flight, and the reconstruction is based on a UMAP of

lower accuracy than what is obtained from a CT scan.

Despite these limitations, the results correlated with the

PET/CT results, which strengthens our hypothesis that
18F-NaF targets myocardial scar significantly. Addition-

ally, the non-homogenous uptake of 18F-NaF in the

myocardial infarct seems to indicate various processes

Figure 3. Example of LGE image showing extensive infarct tissue (arrows) in short-axis (A) and
2-chamber (C) views. 18F-NaF PET uptake was overlaid on the myocardium muscle on images (B)
and (D), respectively, showing increased uptake in the infarct tissue compared to healthy
myocardium.

Marchesseau et al. Journal of Nuclear CardiologyÒ

Hybrid PET/CT and PET/MRI imaging

Author's personal copy

Figure 4. Left Boxplot representation of the two groups of lesions showing asignificant difference
in TBR between the culprit and the non-culprit lesions. Right Boxplot representation of the
myocardium uptake using both the PET/CT and the PET/MR modalities.

Table 3. Per patient comparison of the scar and myocardium tissue-to-background ratio

Pat ients 1 2 3 4 5 6 7 8 9 10 Mean (SD)

Scar % 4.7 NA 28.1 20.6 16.6 13.1 13.9 41.4 16.6 11.2 18.4 (10)

PCI to scan (days) 12 20 9 11 20 15 24 12 12 16 15.1 (4.6)

SUV scar PET/ CT – NA 0.68 0.61 0.36 – 0.48 0.40 0.48 0.48 0.50 (0.10)

SUV myo. PET/ CT – 0.37 0.49 0.48 0.28 – 0.45 0.35 0.40 0.41 0.40 (0.06)

TBR scar PET/ CT – NA 1.01 1.00 0.89 – 0.75 0.81 0.75 0.90 0.87* * (0.10)

TBR myo. PET/ CT – 0.72 0.73 0.79 0.70 – 0.71 0.71 0.62 0.78 0.72* * (0.05)

SUV scar PET/ M R 1.41 NA 0.90 0.76 0.61 1.38 0.64 0.77 0.76 0.70 0.88 (0.28)

SUV myo. PET/ M R 1.09 0.57 0.82 0.70 0.53 1.15 0.62 0.69 0.69 0.62 0.75 (0.20)

TBR scar PET/ M R 0.98 NA 0.83 0.83 0.90 0.86 0.66 0.82 0.76 0.65 0.81* (0.10)

TBR myo. PET/ M R 0.76 0.73 0.76 0.76 0.78 0.72 0.64 0.73 0.69 0.58 0.72* (0.06)

TBR, Tissue-to-background ratio
* * P value \ 0.01, * P value \ 0.05

Table 2. Per patient comparison of the culprit and non-culprit tissue-to-background ratio

Pat ients 1 2 3 4 5 6 7 8 Mean (SD)

Position of rupture RPDA LAD LAD LAD LAD LAD LAD RCA

Num. of ROIs 8 4 3 3 2 4 3 6

TBR culprit 2.45 2.72 2.27 2.40 1.33 1.88 2.14 1.70 2.11* * (0.42)

TBR non-culprit 1.57 1.61 1.14 1.08 0.80 1.37 1.73 1.62 1.36* * (0.30)

TBR, tissue-to-background ratio; RPDA, right posterior descending artery; LAD, left anterior descending artery; RCA, right coro-
nary artery; ROI, region of interest
* * P value \ 0.01

Journal of Nuclear CardiologyÒ Marchesseau et al.

Hybrid PET/CT and PET/MRI imaging

Author's personal copy

on the Dixon (for verification) and the PET image for SUV

quantification. The TBR in the myocardium wasdefined differ-

ently from the TBR in the atheromata, as the mean SUV within

theROI (scar or remotemyocardium) divided by themean SUV

within the left ventricle blood pool away from thewalls:

TBRmyocardium ROIð Þ¼
SUVmeanðROIÞ

SUVmeanðLV blood poolÞ
:

The mean SUV of the ROI was considered instead of the

max SUV to account for the large scar and remote myocardium

regions compared to the atheromata ROIs. Although the blood

pool may show local turbulence, the averaged value of blood

pool SUV acquired over 15 minutes of PET acquisition was

chosen to normalize the infarct (and remote myocardium)

uptake since it is assumed to be consistent across patients who

underwent an identical protocol.

Myocardi al infarct TBR from PET/ CT. As the

PET data acquired on PET/CT were of higher quality than the

PET–MRI data, myocardial infarct TBRs were also measured

on the PET/CT to confirm the results. As described in Figure 2

(right), the LGE MRI images had first to bealigned to the PET/

CT images. First the CT images were resampled on the scanner

software Siemens SAFIRE in order to obtain short-axis views

(2 mm thickness), and 2 chamber and 4 chamber views

corresponding to the MRI LGE image orientation. Then,

MedINRIA 1.922 image fusion software was used for a manual

landmark-based rigid registration to align the isoresampled

LGE image and masks (obtained from the LGE to PET/MR

registration step) to the resampled CT image chosen as the

reference image. The junctions between outflow and inflow

vessels were used as landmarks for the co-registration as well

as the apex tip. Similarly to the PET/MR registration, the

resulting transformation was then applied to deform the

myocardium and scar ROIs. Figure 2 (right) shows an example

of the final alignment of the segmentations on CT (for

verification) and PET images, with good agreement despite the

lack of muscle landmark on the non-contrast CT. After

registration, registered scar ROIs and remote healthy

myocardium were reported directly on the PET image and

SUV and TBR values extracted identically to the PET/MR

method.

Angiography Examinat io n

Patients underwent emergent coronary angiography and

primary percutaneous coronary intervention for STEMI via

transradial or transfemoral access. Coronary angiograms were

acquired on aSiemens biplane Artis system (Siemens, Munich,

Germany) using standardized tomographic views of right

anterior oblique caudal, anterior posterior cranial, left anterior

oblique cranial, and left anterior oblique caudal for the left

coronary system; and left anterior oblique cranial and right

anterior oblique for the right coronary system. The volume of

contrast (Omnipaque) used for each coronary angiogram was

typically between 25-50 mL. All patients underwent manual

thrombectomy, balloon angioplasty, and coronary stent

implantation as directed by the primary operator.

Culprit plaques were spatially defined by the presence of

an occlusive or subocclusive lesion within the IRA corre-

sponding to electrocardiographic and echocardiographic

localization. Culprit lesions on coronary angiography were

then mapped to corresponding calcium regions on the CT

image, and each calcium region assigned a culprit or non-

culprit label.

Stat ist i cal Analysis

Coronary atheromata. The TBR of identified

culprit and non-culprit lesions were compared statistically

using a 2-tailed Student’s t test and the mean and standard

deviation (SD) for culprit vs non-culprit plaques recorded. The

effect size (d) using Cohen’s definition (difference of thegroup

means divided by the average standard deviation) was also

calculated in order to judge the magnitude of the difference

(d C 0.8 is considered a large difference).23 From the mean

and standard deviation of the culprit and non-culprit plaque

Figure 1. Example of 18F-NaF PET–CT detection of a ruptured plaque. A Definition of the
coronary arteries, by ‘ ‘Robin Smithuis and Tineke Wilems, the Radiology Assistant.’ ’ B
Angiogram examination showing plaque rupture and acute occlusion at proximal LAD. (RI
represents a large Ramus Intermedius) C CT calcium scoring images in the axial view where the
LAD and 2 ROIs have been segmented. D Corresponding PET image with the reported
segmentations; images were scaled with SUV in range [0-5]. ROI1 corresponds to the ruptured
plaque.

Marchesseau et al. Journal of Nuclear CardiologyÒ

Hybrid PET/CT and PET/MRI imaging

Author's personal copy

Marchesseau, S: J Nuclear Cardiology 2017
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IMMACULATE Registry
Longitudinal Multinational Cohort

• Clinical data, blood and imaging at 

baseline, 30D, 6M, 1Y and 2Y (multiple 

timepoints)
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Uptitration of Medication needed in AMI
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Nurse-led Physician Supported 
Telemedicine Service

Remote intensive management is 

nurse-led physician supported 

(NLPS) telemedicine intervention.

Early up-titration of ACE-I/ARB and 

BB with web-based blood pressure 

monitoring and medication adherence 

coaching. 

IMMACULATE trial 

AMI-specific telemedicine service 

successfully implemented across a 3 

healthcare clusters (NUHS, NHG and 

Singhealth)
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NT-proBNP changes after NSTE-ACS

Chan, MY: Clinical Chemistry 63:1214–1226 (2017)
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STEMI/NSTEMI with NT-

proBNP ≥300 pg/ml
(Randomization 1:1)

Standard Care

N = 150

Face-to-face Cardiologist 

review @1, 6 and 12 

mths*

Telehealth Mx

N = 150

1. Telehealth weekly

drug uptitration (2 

months),

2. Telehealth review 

bi-weekly (next 4 

months)

CMR (5-10 days) 

post MI

CMR (6M) 

6-mth 

readmission 

(ALTRA)

(Control group)

50%
(Intervention group)

50%

Platelet reactivity, 

Meds adherence 

(TICA)

MR-PET (Cardiac 

efficiency)

QOL and cost 

effectiveness

*Substudies:
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