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Radiologist/Cardiologist
At least level 2-trained in Cardiac CT (CCT), also in one more modality

Ability to assess coronary arteries, cardiac and pericardial structures,
great vessels and extra-cardiac structures within the acquired field of
view

Lead of service, write and develop the protocols

Responsible for maintaining the quality of the imaging and reporting

Responsible for optimising the radiation dose, adequate knowledge of
the ALARA (As Low As Reasonably Achievable)

Continuing education and audit

Motivate and educate other members of the team



Radiographer/Staff Nurse
Two to three radiographers trained in CCT

Adequate training (other sites, courses, CT application specialists)

Assist in developing protocols and optimising radiation dose, including
adequate knowledge of the ALARA principle

Image review - trouble shooting

At least one person with appropriate training in inserting intravenous 
access (peripheral) is required for patient preparation

At least one person certified in advanced cardiac life support has to be 
readily available during the acquisition

A person with adequate training in administering medications such as 
beta-blockers and nitroglycerin must be available



Booking Team

Important members of the team

Basic understanding of patient preparation for CCT especially CT 
Coronary Angiography (CTCA)

Know general contraindications (e.g. renal impairment, patients on
metformin) and able to provide information if contraindications exist

Rapid dispatch of reports





Equipment 
CT scanner

Multislice CT scanner (≥ 64-slice) with ECG gating hardware

CT systems with fast gantry rotation (equal or less than 350 ms) should
be utilised

With prospective gating, 80-120 kVp, iterative reconstruction
algorithms

Camera to monitor patients







Dual Head Injector

Dual head injection pumps that allow biphasic or triphasic injection
protocols with high injection rates (4-7 ml/s) are recommended,
although single head injection pumps can yield appropriate results

Two or three phase injection:

1st Phase - Contrast bolus

2nd Phase - 50% contrast + 50% saline

Ability to provide saline chase

Transfer of contrast data to PACS







Contrast Media

Low osmolar contrast media (350 or 370 mg Iodine/ml)

18/20G cannula preferably in right arm



Post Processing Software

Advanced post-processing CCT software

Thin or thick client

Multiple licences depending upon number of users

MPRs - oblique, curved

Stenosis quantification

Plaque analysis

Chamber volume/function

Transcatheter Aortic Valve Implantation/Replacement (TAVI/R)





Heart Rate and Blood Pressure 
Measurement/Monitoring Device

Measure baseline heart rate, blood pressure, O2 saturation

Further monitoring if required





Drugs

Beta blockers [Oral and Intravenous (IV)]

Metoprolol

Ivabradine

GTN (Oral or Spray)

Resuscitation trolley with all necessary drugs
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Justification of Request

Justification and authorisation of requests [Ionising Radiation (Medical
Exposure) Regulations 2000]

Appropriate clinical information (SCCT/AHA Appropriateness Criteria
2010, NICE 2010, ESC 2014)

Protocols

Prospective/Retrospective

Native/Graft/delayed/additional areas

Contraindications to beta-blockers

Renal impairment/Metformin

Turn around time 24-48 hours



Appointment and 
Patient Preparation

Booking appointments

Patient letter

Asks to contact if asthma, allergy, kidney problem, diabetes

Staff training to answer above queries

Continue to drink fluids

No tea, coffee or caffeine drinks for 3-4 hours before

2-3 patients per hour for CTCA

Patient to come 30 minutes to 1 hour before appointment









On Arrival

Patient in the department - Radiographers, staff nurses

Anxious patient - Confident and reassuring, putting patient at ease

Explaining the procedure

Is this the right patient for CCT? Too large?

Contraindication to beta-blockers?

Irregular rhythm?

Unable to lie flat or raise arms above shoulders

Unable to hold breath or follow commands



On Arrival

Information about

Renal function

Diabetic on Metformin

Potential pregnancy

Allergic reactions to contrast previously



Managing Heart Rate

Requirement of slow and stable heart rate (≤ 65 bpm) - scanner
dependent

To obtain optimal quality images - less motion

To allow prospective gating - lower radiation dose

If ≥ 65 bpm, check for contraindications to beta-blockers e.g. severe
asthma, severe heart failure, severe aortic valve stenosis, hypertrophic
obstructive cardiomyopathy (HOCM), pericardial constriction, calcium
channel blockers



Beta-Blocker

Only oral, Oral followed by IV if required, Only IV

If no contraindications

Start with 50 mg oral Metoprolol (100 mg if weight > 100 kg)

Check after 30 min, if still > 65 bpm, give another 50 mg

After 15-20 minutes of 2nd dose, start with the calcium scoring

If HR > 65 bpm, give additional IV Metoprolol up to 30 mg



Beta-Blocker

Other options 

Only IV Metoprolol (up to 40 mg, in boluses of 5-10 mg followed 
by saline)

If contraindication to Beta-blockers

Oral Ivabradine 5mg x bd (start 2-3 days in advance)

IV Verapamil/Diltiazem





Nitrates

To dilate the coronary arteries and  improve image quality

400-800 µg (1 or 2 puffs) sublingually before Cardiac CT  

Contraindications - Hypotension (systolic < 100 mmHg), taking Viagra, 
severe aortic valve stenosis, HOCM





Patient Positioning





Ideal ECG

Regular/Good R wave/Flat T-P interval



Real ECG

Large T waves could be read as R wave by scanner

Fluctuating baseline ‐ is this interference or heart movement?

Change lead selection ‐ may reduce T wave amplitude

Ensure no muscle tremor

Consider moving ECG position

Post processing ECG edit (where available)





Practice
Breath-holding

Essential for good image quality

¾ size gentle breath, not Valsalva manoeuvre

Practice with patient

Ensure patient can hold breath for the duration

ECG signal is good and steady, confirm before continuing

Confidence and reassurance

Make the patient comfortable and relaxed

Reassure them and give them a smile



Achieving Optimal 
Opacification
Contrast flux (Rate x Concentration)

Rate of contrast injection (4‐7 ml/s)

Contrast concentration (> 350 mg I/ml)

Patient’s body weight/BMI

Increased image noise in larger patients, increased flux required

Circulation Time

Time to peak enhancement, cardiac output

Volume injected

Affected by scan length (native coronaries vs grafts)

Scanner speed and protocol (any extra areas to be scanned)



Contrast Protocol
Low osmolar contrast media (350 or 370 mg Iodine/ml)

The maximum recommended total dose of iodine in adults is 86 grams

*100-120ml for triple rule out (CAD, pulmonary artery embolism and
aortic dissection)

Phase Biphasic Triphasic

Phase 1 75* ml @ 5 ml/s ( 15s) 60 ml/s @ 5 ml/s ( 12s)

Phase 2 40 ml saline @ 5 ml/s 50% contrast + 50% saline
xx ml @ 5 ml/s

(xx = scan time x 5)

Phase 3 40 ml saline @ 5 ml/s



CCT Protocol

Just CT calcium scoring

CT calcium scoring with CTA of native coronaries

CTA of native coronaries

CTA of bypass grafts

TAVI/R protocol

Any delayed phase

Any extra scans - chest, abdomen



Using The Right kVp

In borderline body size, if calcium or stents or graft, use higher kVp

Each 20 kVp decrease reduces radiation dose by 40-50%

kVp Body Weight (kg) BMI

120 kVp > 90 > 30

100 kVp 70-90 23-30

80 kVp < 70 < 23



Scanning

If only CT calcium scoring then JUST SCAN (ECG-gating)

For CTCA, requires ECG-gating, beta-blockers, nitrates, IV contrast



Calcium Scoring Scan Protocol
Factor Range Depends upon

kV 120 Constant, irrespective of scanner

mA 80-350 Patients’ body size

Slice thickness 2.5/3.0 mm Constant, irrespective of scanner

Slice increment 2.5/3.0 mm Constant, irrespective of scanner

Rotation time 0.35 s CT scanner

Breath hold time 10-15 s CT scanner

Kernel Cardiac



Topogram



Prospective STEP and SHOOT/ 
Single beat

One heart beat is necessary to move the table between scans

Slower scan times and more heart beats to cover the entire heart

On wide detector scanner, no table movement as acquisition in single 
heart  beat (80‐160mm detector width)



Prospective ECG gating



Set a small FOV 25cm

Improves spatial resolution



Standard Reconstructions

Small FOV 2.5/2.5 mm on Cardiac Kernel

Full FOV 0.625/0.625 mm on Lung Kernel



CT Coronary Angiography
Administer beta‐blockers to HR < 65 bpm (scanner dependent) 

Administer GTN

Breath‐holding exercise

Heart rate and variability

Prospective/Retrospective/Padding (multislice)

Acquisition window

Pitch and Tube rotation time

Reconstruction mode

Adaptive gating activation



Topogram
Planning for native coronaries

Level of carina to below the inferior border of the 
heart/apex

Planning for bypass grafts

From above the mid clavicles to below the inferior 
border of the heart/apex



CT Coronary Angiography 
Protocol

Factor Range Depends upon

kV 80-120 Patients’ body weight and BMI

mA 250-350 Patients’ body weight and BMI

Slice thickness 0.5-0.625 mm CT scanner

Slice increment 0.3-0.6 mm CT scanner

Rotation time 0.25-0.35 s CT scanner

Breath hold time 10-20 s CT scanner and Protocol

Kernel Cardiac, Sharp



Protocol
PROSPECTIVE vs RETROSPECTIVE

Choose PROSPECTIVE (with or without padding) as default unless

HR < 65 bmp (or as per your scanner) cannot be achieved

Irregular rhythm

Evaluation of aortic valve, function

HR < 65 bpm (depends upon scanner) - Prospective 70-80%

HR 65-75 bpm - Prospective 30-50% systolic

HR > 75 bpm - Prospective 40-80% or Retrospective with ECG 
modulation 40-80%



Prospective ECG gating

HR < 65* bpm with variation <10% = End‐diastolic (ED) (70‐80%)

HR > 65* bpm and/or variation >10% = End‐systolic (ES) (30‐50%)

HR > 75* bpm and/or variation >10% = ES‐ED (40‐80%)

*depends on CT scanner



Retrospective ECG gating
Not applicable for wide detector CT scanners 

For other,  HR > 70‐75* bpm and/or variation > 10% =

ES‐ED (40‐80%) for coronaries

ES (20‐40%) for TAVI



Wide Detector ECG gating



Contrast Timing

Time from contrast injection to commencement of scan

Depends on

Venous access and flow rate

Cardiac output

Two methods

Test bolus

Bolus tracking



Test Bolus
10-20 ml contrast followed by 20 ml saline @ 5ml/s

Advantages

Timing of the scan is known beforehand

Patient knows what to  expect for the main injection

Limitations

Extra contrast

Takes more time



Bolus Tracking
Dynamic or manual trigger on vessel of choice



Just Before Scanning

Tell patient that exam is almost complete

Inform patient

Hot feeling from contrast, try to ignore  

Concentrate on same breathing as practised

Keep nice and still, try not to move

Confirm good ECG signal and steady heart rate

Start contrast injection and monitoring (or acquisition) simultaneously



During Scanning

ECG remains stable

Patient is not distressed ‐ check for possible contrast extravasation

Patient is able to follow breathing instructions

As soon as scan is acquired, check for

Adequate coverage

Adequate contrast opacification



After Scanning

Patients status reassessed

Reassure hot flush will wear off quickly

Look for reactions to contrast, beta‐blockers or GTN

Good images obtained?

Cannula and ECG are removed

Patient leaves department after 10‐15 mins

Inform patient they may continue normal activities but ideally 
not to drive for a few hours if beta‐blockers given



Breathing Artefacts

Breathing during the scan results in poor image quality

Only solution is PREVENTION

Assess breath‐holding capacity

Breathing instructions

Breathing exercise

Putting patient at ease



Retrospective gating 
ECG editing

Specific to each scanner

Important for radiographers/supervising doctors to know limitations

Can improve image quality



Reconstructions
Recon Slice 

Thickness/Interval
Window

Coronaries/Grafts
Prospective
 Single phase
 Padding (e.g. 70-80% @ 5% interval)
Retrospective (Do every 10% during 
best quality interval)

0.5-0.6/0.3-0.6 mm 
@

5 or 10% interval

Cardiac

Function if performed retrospective
0-90% at 10% intervals (retrospective 
only)

1.0-2.0/1.0-2.0 mm Cardiac

Full FOV at 75% 1.0-2.0/1.0-2.0 mm Cardiac

ECG, Radiation dose summary



Finally

Radiographer has to ensure that

Reconstructed and checked the images as per the protocol

Transferred the images to relevant archive destinations

Filled in the procedure information on the patient safety  
questionnaire

Scan completed



Reporting

Radiologist/Cardiologist to report within their session or accepted
time frame

Send key images/cines to PACS/CD

Report to be dispatched externally to referring physician/team



Summary

Training, motivation and defined work flow

Correct protocol is understood

Region to be scanned

Gating

kVp

Appropriate heart rate control

Patient is relaxed



Any 
Questions?



Thank You
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