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• Background – Ex ECG

• CT assessment

• RAF AMCS use of CTCA

• CMR assessment 

• RAF AMCS use of CMR

• Conclusion



Detecting Plaque before 
the accident

• Screening for CAD

– First line screening

– Enhanced screening

– Second line investigations



Military Guidelines

• US – early use of CACS and then MPS or ICA

• UK – ECG then ETT, then usually CTCA

• Germany – ETT as a baseline, early use of CTCA

• NDL – ETT as a baseline, considering CTCA routinely

• Civil approaches also variable and counter-intuitive

• Evidence in aircrew is lacking – what is the correct approach?



Test with 60% Sensitivity, 90% Specificity

Population 20,000 subjects, 5% prevalence CAD

PPV = TP/(TP+FP) = 24%

NPV =(TN/(TN+FN) = 98%

Significant CAD No Significant CAD

Abnormal Test 600 (TP) 1,900 (FP)

Normal Test 400 (FN) 17,100 (TN)

Ex ECG



Low to intermediate likelihood of 
CAD– role of ExECG?

image courtesy of Siemens



Enhanced Screening

• ExECG – poor for sig CAD assessment – should not be 
used to assess for significant CAD as a sole test



Coronary Artery 
Calcification

• Image

1. Hatano S et al WHO Report 1972: 7-45



• 10,377 asymptomatic 
subjects, mean follow-up 5 

years
• Calcium score independent 
predictor and incremental to 

risk factors
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Shaw LJ. Radiology 2003; 228: 826

Epidemiology



CACS

• US
– Score <10 – unrestricted

– >10 grounded

• UK
– <10 not reassuring

– >100 may be OK Rozanski, et al JACC 2007



Enhanced Screening

• CACS – indicates atheroma and has strong population 
level data but risks being a poor discriminator at 
individual level – data in aircrew?







Case 1





Enhanced Screening

• CACS – indicates atheroma but poor discriminator at 
individual level – If performed in isolation may not 
predict risk on individual basis



CTCA



UK NICE CG95 Guidelines 2016

No Ex ECG

No CACS

No PTP assessment



Strengths of CTCA

• Ubiquity – cardiac enabled 
CT

• Speed vs. ICA/MPS/CMR

• Non-invasive

• Plaque analysis

• Rapidly evolving field

• Potential for functional 
data

• Low dose



Weaknesses of CTCA

• Heart rate and HRV 
limitations

• Calcium

• Radiation –
PROTECTION VI study 

• EHJ Aug 2018

• DLP 200 (3mSv)

• = Annual background 
radiation (Europe)

• Access and cost in some 
nations
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Abstract Wevalidateamethod of calcium scoring on CT

coronary angiography (CTCA) and propose an algorithm

for the assessment of patients with stable chest pain. 503

consecutive patients undergoing coronary artery calcium

score (CACS) and CTCA were included. A 0.1 cm2 region

of interest was used to determine the mean contrast density

on CTCA images either in the left main stem (LM) or right

coronary artery. Axial 3 mm CTCA images werescored for

calcium using conventional software with a modified

threshold: mean LM contrast density (HU) ? 2SD. A

conversion factor (CF) for predicting CACS from raw

CTCA scores (rCTCAS) was determined using a multi-

variable regression model adjusted for model over-opti-

mism (1,000 bootstrap samples). Accuracy of this method

was determined using weighted kappa for NICE recom-

mended CACS groupings (0, 1–400, [ 400) and Bland–

Altman analysis for absolute score. With the CF applied:

CACS = (1.183 9 rCTCAS) ? (0.002 9 rCT-

CAS 9 threshold), there was excellent agreement between

methods for absolute score (mean difference 5.44 [95 %

limits of agreement - 207.0 to 217.8]). The method dis-

criminated between high ([ 400) and low risk (\ 400) cal-

cium scores with a sensitivity and specificity of 85 and

99 %, and a PPV and NPV of 92 and 98 %, respectively,

and led to a significant reduction in radiation exposure (6.9

[5.1–10.2] vs. 5.2 [6.3–8.7] mSv; p\ 0.0001). Our pro-

posed method allows a comprehensive assessment of cor-

onary artery pathology through theuseof an individual ised,

semi-automated approach. If incorporated into stable chest

pain guidelines the need for further functional testing or

invasive angiography could be determined from CTCA

alone, supporting a change to the current guidelines.

Keywor ds Coronary artery calcium score CT coronary

angiography Cardiovascular risk Cardiac imaging

Cardiac CT

Abbreviations

CACS Coronary artery calcium score

CT Computed tomography

CTCA CT coronary angiography

CAD Coronary artery disease

DSCT Dual source multi-detector CT

PPM Permanent pacemaker

ROI Region of interest

RCA Right coronary artery

LCX Left circumflex artery

LMA Left main coronary artery

LAD Left anterior descending artery
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Discussion

Calcium scoring is routinely performed in clinical practice

for prognostic purposes and is often combined with CTCA,

but it is unable to assess plaque morphology or coronary

artery stenoses. UK NICE guidance recommends the use of

a CACS to initially risk stratify patients with stable chest

pain with a low (10–29 %) pre-test probability of under-

lying CAD. If the CACS is between 1 and 400, then it is

recommended that the patient should proceed to CTCA.

The present study demonstrates that coronary calcium can

be accurately derived from a CTCA scan, obviating the

need for a dedicated acquisition and potentially reducing

the necessary radiation exposure. This allows both the

prognostic information of calcium scoring and the detailed

anatomical information provided by CTCA to be ascer-

tained using one scan. We propose a novel algorithm for

assessing stable chest pain patient, given that a more

complete anatomical and prognostic assessment can now

be made on a single CTCA, often acquired at a comparable

dose to a CACS.

Model performance

CTCA-derived calcium scores systematically underesti-

mated traditional calcium scores hence linear regression

was used to derive a CF to apply to all CTCA-derived

scores. Previously a split-sample approach was used with a

derivation and validation cohort [4, 7, 8] though this

method is disadvantageous in that model coefficients can

be unstable and data is ‘‘ lost’’ as only a subset of the data

can be used for model derivation. The shrinkage factor

obtained in the present study used to correct the conversion

factor for model over-optimism was close to 1 indicating

close agreement between observed and predicted values.

Method accuracy

The present method allowed accurate derivation of coro-

nary calcium from CTCA across a wide range of values

with agreement particularly close with scores \ 500. A

limitation of all the published techniques deriving CACS

from CTCA, including ours, is that patients with low

Fig. 1 Calcium quantification on CTCA. Axial views of non-contrast

cardiac CT images at the level of the left main artery with semi-

automated detection of calcified lesions highlighted in red at a

threshold of 130 HU (a); and contrast-enhanced CTCA images with

theROI in the left main for calculation of thepatient-specific threshold

(b), open in the traditional CACS software at a threshold of 130 HU

with contrast falsely identified as calcium (yellow) (c), and correct

lesion identification at a threshold of 366 HU (d). Traditional CACS

was 220 and CTCA calcium score with a CF applied was 207
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CACS from CTCA



CCT-Comprehensive Cardiac Examination

Anatomy

Function Stress PerfusionCoronary Plaque/Stenosis

CT-FFR

Source: Salerno M, University of 

Virginia



Shear stress

Low shear 

stress area

Development 

of plaque

Chatzisisis et al. 

Circulation 2008

Asakura et 

al. Circ Res. 

1990

Cardoso et al. J Biomech

2014

Shape and regularity

Asakura et al. Circ Res. 

1990

Location



Perivascular Fat Attenuation Index: 
A new way to identify vascular inflammation

Vascular 
inflammation

IL6,TNFa…

Vascular inflammation creates a gradient of 
adipocyte lipid content in perivascular fat 

-190 -30-122 -72 -55 

FAI (HU)

3D changes of PVAT attenuation can 
be quantified in contrast CTA

P<0.01*

Coronary artery disease
Healthy coronaries
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Perivascular Fat Attenuation Index: 
Excellent sensitivity/specificity to 

detect culprit lesions 

Detecting culprit lesions in NSTEMI

Antoniades et al - Sci Transl Med. 2017 

N=~1400 fat biopsies



CMR

•CMR provides highly accurate morphological and functional assessment 

•Excellent reproducibility permitting accurate quantification, or highly sensitive 

exclusion, of pathology.

•‘Gold-standard’ for ventricular volumes and mass 

•Late gadolinium contrast enhancement (LGE) provides tissue characterisation

•Accurate imaging of the valves and great vessels

•BUT it’s expensive, and time-consuming



The right ventricle

• Assessment of the right ventricle (RV) a particular strength of 

CMR

• Reproducible quantification of function

• Confirm/exclude dilatation and potential causes:

• Shunt quantification

• ASD assessment for potential closure

Aneurysmal/dyskinetic segments for query arrhythmogenic 

ventricular cardiomyopathy



Hypertension vs HCM

• CMR may be able to distinguish between them (not 100% though)

• Asymmetry of hypertrophy, severity of hypertrophy, presence of 

myocardial crypts, presence of LVOT obstruction, presence of SAM 

of the MV

• Can assess the apex in query apical HCM, when echo may be 

affected by near-field artefact

• Can also look for fibrosis in a characteristic pattern, using LGE

• typically seen as patchy/hazy enhancement in HCM, usually in 

areas of maximal hypertrophy



Myocarditis vs MI

• Chest pain & ↑ troponin may occur with both

• Angiography may not be clear-cut

• Aeromedical disposition significantly different

• Confirming myocarditis, not MI, may allow a return to the cockpit 

much more quickly in many – LGE patten usually diagnostic

• In the acute stage, can assess inflammation & oedema - to confirm 

diagnosis, assess LV (dys)function and fibrosis with LGE

• For follow up, can also assess recovery of LV function, resolution of 

oedema  or inflammation, and degree of fibrosis



Cardiomyopathy

• Can detect cardiomyopathy (CM) before LV dysfunction seen on echo

• Therefore may be able to detect it earlier, and limits aeromedical risk

• May show anatomy or specific patterns of LGE consistent with aetiology of CM

• Can also provide reassurance in cases where suspicion arises of query CM 

• Can also be used for follow up in CM - accurate & reproducible follow up in those with 

CM if continued flying privileges dependent on LV/RV function

• LGE also highly sensitive for detection of cardiac sarcoid, with characteristic pattern 

seen, even in those with normal ECG & echo







Ray R, Salukhe T, Reubens M, Nicol E. Aviat Space Environ Med 2014



AMCS cohort

• From a total aircrew population of 8000, over a two-year period, 1025 personnel were 
referred for clinical outpatient assessment. 

• Of these, 558 referrals (54%) were for further medical evaluation of suspected 
cardiovascular disease.

• 52/558 (9.3%) underwent a CMR scan – abnormal ECG/Holter (46%).

• 65% to exclude a CM

• CMR cohort:
• median age of 43 years (range 20-62 years) 
• predominantly male (96%).  
• The largest occupational group was pilots (35%)



AMCS cohort

• Of the 52 subjects assessed by CMR:

• prior to the scan 

• 30 (58%) were grounded 

• 22 (42%) were flying with occupational restrictions

• after the scan

• 8 (15%) remained grounded 

• 25 (48%) were returned to flying with occupational restriction 

• 19 (37%) were cleared for unrestricted flying duties



AMCS cohort

• 24/52 patients (46%) had confirmed pathology on CMR. 

• Within this group:

• 8 (33%) had dilated cardiomyopathy 

• 6 (25%) had evidence of previous myocarditis

• 4 (17%) hypertrophic cardiomyopathy

• 2 (8%) bicuspid aortic valve with dilated aortic root

• 2 (8%) had significant coronary artery disease with a perfusion 
defect

• 1 patient had a previous myocardial infarction

• 1 congenital LV aneurysm

• 5 (21%) unclear/uncertain diagnosis (athletic heart vs. HCM) 
despite CMR





Conclusions

• Cardiovascular CT and CMR are key investigations in the 

occupational assessment for cardiovascular disease 

• When compared with standard of care, CT & CMR increases 

the likelihood of a well-characterised cardiac diagnosis or the 

confident exclusion of pathology. 

• This results in a significant increase in return to flying duties



Any questions?


