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Non-cardiac 

Musculoskeletal 

Cervical root pain 

Thoracic root pain 

Anaemia 

T4 

Hyperventilation 

Pneumothorax 

Asthma 

Oesophagitis 

Oesophageal spasm 

Gastritis 

Peptic ulcer 

Gallstones 

Pancreatitis 

Cardiac-ischaemic 

Coronary disease 

Coronary spasm 

Microvascular angina 

Syndrome X 

Coronary emboli 

AS 

LVH / HCM / BP 

Cardiac – non-ischaemic 

Pericarditis 

MV prolapse 

Ao dissection 

Causes of chest pain
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Clinical context: Is IHD still a major health problem?

The definitive public health paper of the last 20 years
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IHD is the number one cause of premature death in the UK

51% drop in death since 1990

Still number one cause of death 

Chances of death from*:

Diabetes         – 1 in 124
Breast Cancer  -1 in 32
CVD                – 1 in 4

*Bandolier via university of oxford website
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Risk of death with new onset angina ?

Duncan et al. BMJ 1976

16% risk of adverse events 
‘front loaded’ - most events occur in first few weeks 

Hence the need for early accurate diagnosis and treatment

Importance of new onset angina
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Large, contemporary study by Yusuf (Canada) of new onset angina patients

Half of patients have change in angina status in the month before an MI
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Pathophysiology Treatment

1. Soft cholesterol laden plaque 

2. Further build-up of plaque with angina 

3. Further build up with angina

Risk factor management

Medical treatment

More medical treatment 
Stents or CABG for continuing angina  
CABG / ? stents for ‘prognostic disease’



Data for revascularization:

www.exeterheart.com,

COURAGE: 
Stents vs medical Rx for IHD with stenosis on angiogram 
Results: Stents did not reduce MI/death, but they did reduce angina 
Concussion: Have medical treatment



Has the COURAGE trial contributed a clear evidenced based message 

or ……. 

www.exeterheart.com,



Were these the patients that we see?   36,000 patients screened; only 3000 met study 
criteria 

Angina status in Courage: 
42% had no angina at all 
37% had mild angina on extreme exterior 
Significant angina burden – Excluded from study 

32% of patients of patients in the medical  arm actually needed PCI  for 
symptom control           (42% barely had any symptoms to start with) 

15% of the PCI arm didn’t get PCI and stent 

COURAGE – dispelling the myths

www.exeterheart.com,



Lots of ischaemia means a prognostic benefit from revascularisation in stable 
IHD – how do we know? COURAGE said so! 

Shaw L J et al. Circulation 2008;117:1283-1291 

Copyright © American Heart Association 

Copyright © American Heart Association

Is there prognostic benefit from revascularisation in stable IHD  
– from COURAGE 

Shaw L J et al. Circulation 2008;117:1283-1291

www.exeterheart.com,



Don’t use the angiogram to assess patient’s angina 

Low risk patients were shown to be low risk  

Medium risk patients need revasc for symptom control and prognosis (if >10% 
ischaemia) 

High risk pts were excluded by angiography before trial started as the standard of care is 
PCI or CABG for these 

Medical therapy fails to control symptoms in large numbers 

PCI improves angina

What COURAGE actually showed

www.exeterheart.com,



FAME 2

www.exeterheart.com,

Patients with stable coronary artery disease 
Positive pressure wire at angiography - randomised to PCI or medical treatment 

Outcome: 

Less urgent revascularization in PCI group (with +ve FFR) 
Less MIs in PCI group 

Patients with no ischaemia (normal FFR) medical treatment better 

Interpretation: 

Should prove ischaemia before performing PCI 
If ischaemic; have PCI to reduce events 



ORBITA

www.exeterheart.com,

Randomized placebo (sham) controlled trial of PCI vs medical Rx in 
single vessel disease 

Outcome: 

No significant difference in primary endpoint of exercise time



ORBITA

www.exeterheart.com,

Problems: 
Only 200 patients 
30% had normal FFR (no sig lesion requiring PCI) 
Only 6 week follow up (events occur later) 
Too underpowered for events 
Predominantly single vessel disease

Interpretation: 
Probably reasonable to treat single vessel disease aimed at symptom control with 
medication rather than PCI 
PCI reserved for symptoms despite medical treatment  

…. ? PCI for very severe proximal ‘prognostic’ stenosis  
…. ? patients fail medical treatment due to multi-vessel disease and inability to use 
collaterals
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ST elevation MI Key message 

• Aspirin + 999 
• Gold standard treatment is       
   primary angioplasty 
• Time is myocardium

Additional acute agents 
• oxygen 
• clopidogrel 
• prasogril 
• heparin 
• beta-blockers 
• glycoprotein IIb IIIa 
antagonist



Pathway of Care 

STEMI

Home

Cath lab





???



NICE secondary prevention

the physician’s detailed knowledge of his/her patient and in light of
local guidance and conditions.

Gaps in evidence
† There are no recent RCTs of a total risk approach to risk assess-

ment or risk management.
† The young, women, older people and ethnic minorities continue

to be underrepresented in clinical trials.
† A systematic comparison of current international guidelines is

needed to define areas of agreement and the reasons for
discrepancies.

2.4 Other risk markers
2.4.1 Family history/(epi)genetics

Key messages
† Family history of premature CVD in first-degree relatives, before

55 years of age in men and 65 years of age in women, increases
the risk of CVD.

† Several genetic markers are associated with an increased risk of
CVD, but their use in clinical practice is not recommended.

Recommendations for assessment of family history/
(epi)genetics

Recommendations Classa Levelb Ref c

Assessment of family history of 
premature CVD (defined as a fatal
or non-fatal CVD event or/and 
established diagnosis of CVD in 

 first degree male relatives before 55
years or female relatives before 65 
years) is recommended as part of 
cardiovascular risk assessment.

I C 71

The generalized use of DNA-based 
tests for CVD risk assessment is not 
recommended.

III B 72, 73

CVD ¼ cardiovascular disease.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

2.4.1.1 Family history
Familial history of premature CVD is a crude but simple indicator of
the risk of developing CVD, reflecting both the genetic trait and the
environment shared among household members.71 A positive family
history of premature CV death is associated with an increased risk of
early and lifetime CVD.74 In the few studies that simultaneously as-
sessed and reported the effects of family history and genetic scores,
family history remained significantly associated with the incidence of
CVD after adjusting for the genetic scores.75,76 Limited data exist re-
garding the ability of family history to improve the prediction of CVD
beyond conventional CV risk factors.77–79 One possible explanation
is the varying definitions of family history applied80 and that conven-
tional CV risk factors can partly explain the impact of family history.

A family history of premature CVD is simple, inexpensive infor-
mation that should be part of the CV risk assessment in all subjects.
Family history can be a risk modifier to optimal management after
the calculated risk using SCORE lies near a decisional threshold: a
positive family history would favour more intensive interventions,
while a negative family history would translate into less intensive
treatment.77

2.4.1.2 Genetic markers
Genetic screening and counselling is effective in some conditions,
such as familial hypercholesterolaemia (FH) (see section 3a.7.9).
This paragraph will focus on genetic screening for high CV risk in
the general population.

Table 6 Risk factor goals and target levels for
important cardiovascular risk factors

Smoking No exposure to tobacco in any form.

Diet Low in saturated fat with a focus on wholegrain 
products, vegetables, fruit and fish. 

Physical 
activity

At least 150 minutes a week of moderate aerobic PA 
(30 minutes for 5 days/week) or 75 minutes
a week of vigorous aerobic PA (15 minutes for 
5 days/week) or a combination thereof.

Body weight BMI 20–25 kg/m2. Waist circumference <94 cm (men) 
or <80 cm (women).

Blood 
pressure

<140/90 mmHga

Lipidsb

LDLc is the 
primary target 

HDL-C

Triglycerides

Very high-risk: <1.8 mmol/L (<70 mg/dL), or a 
reduction of at least 50% if the baseline is between
1.8 and 3.5 mmol/L (70 and 135 mg/dL)d

High-risk: <2.6mmol/L (<100 mg/dL), or a 
reduction of at least 50% if the baseline is between 
2.6 and 5.1 mmol/L (100 and 200 mg/dL)
Low to moderate risk: <3.0 mmol/L (<115 mg/dL).

No target but >1.0 mmol/L (>40mg/dL) in men and 
>1.2 mmol/L (>45 mg/dL) in women indicate lower risk.

No target but <1.7 mmol/L (<150 mg/dL) indicates 
lower risk and higher levels indicate a need to look 
for other risk factors.

Diabetes HbA1c <7%. (<53 mmol/mol)

BMI ¼ body mass index; HbA1c ¼ glycated haemoglobin; HDL-C ¼ high-density
lipoprotein cholesterol; LDL-C ¼ low density lipoprotein cholesterol.
aBlood pressure ,140/90 mmHg is the general target. The target can be higher in
frail elderly, or lower in most patients with DM (see chapter 3.a.8) and in some
(very) high-risk patients without DM who can tolerate multiple blood pressure
lowering drugs (see chapter 3.a.9).
bNon-HDL-C is a reasonable and practical alternative target because it does not
require fasting. Non HDL-C secondary targets of ,2.6, ,3.3 and ,3.8 mmol/L
(,100, ,130 and ,145 mg/dL) are recommended for very high, high and low to
moderate risk subjects, respectively. See section 3a.7.10 for more details.
cA view was expressed that primary care physicians might prefer a single general
LDL-C goal of 2.6 mmol/L (100 mg/dL). While accepting the simplicity of this
approach and that it could be useful in some settings, there is better scientific
support for the three targets matched to level of risk.
dThis is the general recommendation for those at very high-risk. It should be noted
that the evidence for patients with CKD is less strong.

Joint ESC Guidelines 2331
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NICE post MI medication

Aspirin for life 
Clopidogrel for 12 maths 
Statin 
ACEi 
B-blocker 
Eplerinone



…. Acute Coronary syndrome  (ACS) 

Troponin + ve

Chest pain with normal / non STEMI ECG 

Rx: 
aspirin 
clopidogrel 
beta blocker or diltiazem 
statin / ACEi 
iv morphine / GTN

Troponin - ve

Ruptured plaque  
Increased risk of death 
Gusto II - 10% MI at 30 days 
Inpatient Ix and Rx via PCI

No ruptured plaque  
No increased risk of death 
Treat with aspirin, b-blocker, statin 
Outpatient Ix



At Royal Devon and Exeter Hospital 

Home

Cath lab
Key message 

• Aspirin + clopidogrel 
• Beta-blockers 
• Heparin 
• Early angioplasty 
• Secondary prevention



Chest pain ? angina

Chest pain of recent onset:  
 
 

NICE guideline                                    March 2010
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DRAFT FOR CONSULTATION 

Chest pain or discomfort o
f re

cent onset: N
ICE guideline DRAFT (M

ay 2009) 
Page 27 of 47 

1.3.10.2 Consider alternative causes for chest pain when diagnostic 

investigations exclude angina as the cause of th
e pain.  

1.3.11 
Investigations that are generally not helpful in

 the 

diagnosis of stable angina 

1.3.11.1 Do not use MR coronary angiography for diagnosing CAD. 

1.3.11.2 Do not use exercise ECG as the prim
ary diagnostic test fo

r 

myocardial ischaemia in people without known CAD.  
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DRAFT FOR CONSULTATION 

Chest pain or discomfort o
f re

cent onset: N
ICE guideline DRAFT (M

ay 2009) 
Page 27 of 47 

1.3.10.2 Consider alternative causes for chest pain when diagnostic 

investigations exclude angina as the cause of th
e pain.  

1.3.11 
Investigations that are generally not helpful in

 the 

diagnosis of stable angina 

1.3.11.1 Do not use MR coronary angiography for diagnosing CAD. 

1.3.11.2 Do not use exercise ECG as the prim
ary diagnostic test fo

r 

myocardial ischaemia in people without known CAD.  

many patients can’t exercise adequately 

abnormal ECG excluded 

A word on Exercise Treadmill 
Patel MR et al. NEJM 2010 

y Nearly 400,000 cases of chest pain with unknown CAD 
y 59% of positive tests had no CAD 
y 28% were false negative 
y Unacceptable 
y May as well flip a coin! 



NICE clinical guideline 9510

Chest pain of recent onset

Quick reference guide

People presenting with stable
chest pain

People presenting with stable chest pain

8 Follow appropriate guidance, e.g. ‘Hypertension’ (NICE clinical guideline 34) or ‘Lipid modification’ (NICE clinical guideline 67).
9 Previous MI, revascularisation, previous coronary angiography.
10 Follow local guidelines. NICE is developing a clinical guideline on stable angina. Publication is expected in July 2011.

● Angina can be diagnosed based on clinical assessment alone or clinical assessment plus diagnostic testing.
● Manage risk factors for cardiovascular disease8 if chest pain is not stable angina.

● Consider other causes
of chest pain such as
gastrointestinal or
musculoskeletal pain

● Only consider chest
X-ray if other
diagnoses (e.g. lung
tumour) are suspected

● Treat as stable angina10

if symptoms are typical
of stable angina

● If uncertain that chest
pain is caused by
myocardial ischaemia
offer:
– non-invasive

functional imaging
(follow 30–60%
pathway on page 13
and box 8) or

– exercise ECG testing.

● First consider other
causes of chest
pain such as
gastrointestinal or
musculoskeletal pain

● Only consider chest
X-ray if other
diagnoses (e.g. lung
tumour) are suspected

● Consider investigating
other causes of angina
(e.g. hypertrophic
cardiomyopathy) if
there is typical
angina-like chest pain

● Arrange blood
tests for conditions
which exacerbate
angina

● Treat as stable angina10

with no further
diagnostic tests

● Arrange blood tests for
conditions which exacerbate
angina

● Consider aspirin only if chest
pain is likely to be stable angina.
Do not offer if being taken
regularly or the person is allergic

● Offer diagnostic testing
(pages 12–14) if stable angina
cannot be confirmed or excluded

● Treat as stable angina10 while
waiting for the results if
symptoms are typical of stable
angina

Carry out a clinical assessment
(box 5)

● Take a resting 12-lead ECG as
soon as possible (box 7)

● Use clinical assessment, ECG
results and typicality of anginal
pain features to estimate the
likelihood of CAD (box 6 and
table 1 on page 5)

Estimated likelihood of
CAD is 10–90%

Yes

Yes Yes

Yes

● Estimated likelihood of
CAD is more than
90% and

● Person has features
of typical angina

Estimated likelihood of
CAD is less than 10%

Does the person have
confirmed CAD9?

● Does the person have
non-anginal chest pain
and

● Stable angina is not
suspected based on
history and risk
factors? (box 6)

● Does the person have
features of typical or
atypical angina and

● Is stable angina
suspected based on
history and risk
factors? (box 6)

14461_N2113_CG95_CP:chest pain QRG  12/3/10  17:08  Page 10
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Chest pain of recent onset

Quick reference guide

People presenting with stable
chest pain

Treat as stable
angina16

Investigate other
causes of chest pain15

Investigate other
causes of chest pain15

Investigate other
causes of chest pain15

Treat as stable
angina16

Estimated likelihood of CAD is 61–90%

Significant CAD?
(box 9)

Offer non-invasive
functional imaging

(box 8)

Reversible myocardial
ischaemia?

Offer invasive
coronary angiography

Is invasive coronary
angiography appropriate

and acceptable and is
coronary revascularisation

being considered?

Offer non-invasive
functional imaging

(box 8)

Reversible myocardial
ischaemia?

Yes

Yes No

No

No

No Yes

Uncertain

15 Consider investigating other causes of angina (e.g. hypertrophic cardiomyopathy or syndrome X) in people with typical
angina-like chest pain if investigation excludes flow-limiting disease in the epicardial coronary arteries.
16 Follow local guidelines. NICE is developing a clinical guideline on stable angina. Publication is expected in July 2011.

14461_N2113_CG95_CP:chest pain QRG  12/3/10  17:08  Page 14

NICE clinical guideline 9514

Chest pain of recent onset

Quick reference guide

People presenting with stable
chest pain

Treat as stable
angina16

Investigate other
causes of chest pain15

Investigate other
causes of chest pain15

Investigate other
causes of chest pain15

Treat as stable
angina16

Estimated likelihood of CAD is 61–90%

Significant CAD?
(box 9)

Offer non-invasive
functional imaging

(box 8)

Reversible myocardial
ischaemia?

Offer invasive
coronary angiography

Is invasive coronary
angiography appropriate

and acceptable and is
coronary revascularisation

being considered?

Offer non-invasive
functional imaging

(box 8)

Reversible myocardial
ischaemia?

Yes

Yes No
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Uncertain
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‘all patients thought to have possible angina  
should be offered CTCA as a first line investigation’
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Chest pain ? angina

Chest pain of recent onset:  
 
 

NICE guideline                                    2017

‘all patients thought to have possible angina  
should be offered CTCA as a first line investigation’

Why CT ?
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Why CT ?

• Almost 100% negative predictive value 
• Can detect ‘prognostic’ surgical LMS and 3 vessel disease 
• Can diagnose mild disease requiring medical treatment 

• Can direct better use of limited stress CMR for moderate disease 
• Quicker and lower cost than stress CMR 
• Same / lower radiation dose as angiography and non-invasive 

• Most cost effective as significant number negative 
• Allows better use of limited cath lab resources

www.exeterheart.com,



Data on calcium score ?

CONFIRM 
10,037 patients with chest pain and calcium score of 0 
3.9% with Ca score 0 but >50% stenosis on CTCA had an event (MI/death) 
Conclusion: CAC scoring did not add incremental prognostic information to CTCA. 

www.exeterheart.com,



SCOT-HEART (Scottish Computed Tomography of the Heart) Trial 
Prospective multi-center trial in 4,146 patients presenting with suspected angina 
Randomized to standard of care (including functional imaging) OR standard of care 
PLUS CTCA.   
Results:  
• Reduced the need for additional stressed testing 
• Increased the use of invasive coronary angiography, but more focused towards 

angioplasty for known coronary disease 
• A marked 38% reduction in heart attacks as compared to standard of care 

Data on CTCA  ?



SCOT-HEART (Scottish Computed Tomography of the Heart) Trial 
Prospective multi-center trial in 4,146 patients presenting with suspected angina 
Randomized to standard of care (including functional imaging) OR standard of care 
PLUS CTCA.   
Results:  
• Reduced the need for additional stressed testing 
• Increased the use of invasive coronary angiography, but more focused towards 

angioplasty for known coronary disease 
• A marked 38% reduction in heart attacks as compared to standard of care 

Aspirin and statin Angioplasty

Data on CTCA  ?



 CT in practice
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When NOT to use CT ?

Requirements for CTCA 

 SR to keen radiation down 
 Low HR so prescribe b-blocker 
 Need b-blocker so no severe asthma 
 Need b-blocker so caution with v low EF 
 Caution with high BMI as higher radiation 
 No CTCA if eGFR <30 as contrast  
 Caution if eGFR 30-40 

Known coronary disease 

• Role is rule out / diagnosis 
• Severity of lesion less certain 
• No information on ischaemia 
• No information on viability 
• Poor at looking through stents



Invasive angiogram

If not CT ?



If known coronary disease;  

• Previous CTCA or angiogram 
• Previous stents or bypass 

Chest pain ? new angina

Questions: 

Already on medical Rx ? 
Is there ischaemia requiring more treatment and where ? 
Is the myocardium damaged or alive ?



Myocardium not viableCardiac 
MRI Unit



Myocardium viableCardiac 
MRI Unit



Myocardium ischaemic ?Cardiac 
MRI Unit

Adenosine stress



76 yr patient with previous MI, renal failure, diabetes 
presents with chest pain

For example:



76 yr patient with previous MI, renal failure, diabetes 
presents with chest pain

MRI

ViabilityFunction Ischaemia

For example:



76 yr patient with previous MI, renal failure, diabetes 
presents with chest pain

For example:



Cardiac MRI in action



Cardiac MRI in action

Anatomy Function

Wall motion AngiographyCoronaries

Flow

Late GD

Early Gd

PerfusionDobutamine stress



Cardiac MRI Tissue Characteristics

Amyloid

Myocarditis

HCM

Sarcoid

Loffler’sThrombus

T1/T2/T2* mapping

… faster imaging and analysis



46 male 
Non-smoker, no hypertension, cholesterol 5.7, no family history 
History suggestive of possible exertional angina

NICE guidance : CT coronary angiogram

Result: 
Soft plaque moderate stenosis in RCA 

Plan: 
Give firm diagnosis 
Lifestyle advice 
SCOT HEART: aspirin + statin 
Anti-anginals  

If ongoing symptoms despite medical treatment : PCI if ischaemic 

Other examples







CMR role..... which lesion ? stent or CABG ?



CMR role..... which lesion ? stent or CABG ?



Clinical question: 

Occluded RCA, good collaterals, some 
atypical chest pain: is the RCA territory 
alive and / or ischaemic ?







Summary of NICE Ix of ? angina

Clinical assessment 

No previous angina: CT  
• to diagnose normal coronaries  
• to diagnose coronary disease for medical treatment 
• to diagnose prognostic disease for bypass 
• to direct stress CMR or intervention to the with moderate / severe lesions 

Known coronary disease, unable to have CT: stress CMR or angiogram plus pressure wire 

Need additional information (heart function, valves, viability, ischaemia); stress CMR


