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The safe practice of CT coronary angiography in adult patients in UK imaging departments

On behalf of the CTCA standards working party of the British Society of Cardiovascular Imaging, the Royal College of Physicians and the Royal College of Radiologists


Abstract
CT coronary angiography is increasingly used in imaging departments in the investigation patients with chest pain. Due to the routine use of heart rate controlling medication and the potential for very high radiation doses during these scans, there is a need for guidance on best practice for departments performing this examination, so the patient can be assured of a good quality scan and outcome in a safe environment. This article is a summary of the document on ‘Standards of practice of computed tomography coronary angiography (CTCA) in adult patients’ published by the RCR in December 2014 (1). 

Introduction
CT coronary angiography (CTCA) is an increasingly utilised investigation in modern imaging departments for the investigation of patients with chest pain. Its role has traditionally been for the exclusion of coronary artery disease, given its high negative predictive value, and its use according to national guidelines has focussed on patients with chest pain that has a low probability of being of cardiac origin (2). Recent data has suggested an increasing role in patients with a moderate probability of cardiac disease as the technique and the technology have improved in quality (3).

CTCA is unusual as a CT technique in that pre-procedural drugs are frequently given in the CT scanning suite and often while the patient on the scanner table. What makes this technique unique is that these drugs are by definition altering cardiovascular haemodynamics. It is therefore crucial to ensure that these drugs are administered safely and appropriately. Clinicians need to be aware of the potential complications of using these drugs and how to manage and treat these complications when they occur. It is essential that members of the CTCA team are trained in techniques of basic life support.

CT coronary angiography has previously been associated with very high radiation doses, such that the technique fell out of favour until dedicated work by CT practitioners and colleagues in industry allowed these scans to be performed at much lower doses. Modern imaging practice means that these scans should now be performed at low radiation doses in the majority of patients but this requires attention to detail and careful supervision by the imaging department team. It has been proposed that the radiation dose can be used as a surrogate marker for quality of practice in this regard (4).

While standards exist for how the scans should be requested and how they should be reported (5), there have been no international standards for how the whole procedure should be performed. In light of this, our working party sought to establish a series of standards against which UK imaging departments could compare themselves. These standards should ensure good image quality but most importantly should guarantee the safety of the patient during the scan. These standards are based on evidence where this exists but are a consensus of expert opinion of accepted best practice where evidence does not exist. It is divided into standards of practice before the scan is performed, during the scan and then once the scan has been completed because there are important areas of safe practice at each of these three stages which will allow a successful patient outcome (Fig.1).

Standard 1: All patients should receive a letter/information leaflet giving an outline of the procedure, the preparation required and local site details.
This is good practice because it is important for the patient to have a clear idea of what the procedure entails before arriving for the scan. Patients need to be aware that ECG electrodes will be applied to the skin over their chest prior to the scan. It is also important that patients are aware that they will likely be given drugs in the form of beta blockers and GTN just before the scan, that the scan will involve an injection of IV contrast medium and will involve the use of ionising radiation. An example patient information letter is provided in the standards document and this includes an estimate of the theoretical risk to the patient of the radiation dose administered as part of the procedure (1). Patients should be encouraged to bring all of their medications with them to allow the imaging team to look for potential drug interactions. Patients are warned that they may be required to stay in the imaging department for over an hour and that it is advisable to bring someone with them who can drive them home. 

Standard 2: All patients should have a risk assessment by a member of staff to ensure that it is safe for them to undergo the scan.
This is an essential part of the procedure that focuses on patient safety. A member of the imaging team should complete a safety questionnaire with the patient before the patient enters the scan room. An example patient safety questionnaire is enclosed in the standards document as an appendix but it is reprinted here (Fig. 2). This questionnaire essentially seeks answers to the following questions:
Is it safe for the patient to receive ionising radiation
Is it safe for the patient to receive intravenous contrast medium
Is it safe for the patient to be prescribed GTN
Is it safe for the patient to be given a beta blocker, either in an oral or an intravenous form

GTN is generally well tolerated although it should be avoided in patients with severe aortic stenosis and those that have taken phosphodiesterase inhibitors in the previous 24 hours because of the risk of profound hypotension.

Beta blockers are also generally safe to use although several specific contra-indications exist. The administration of beta blockers in patients taking verapamil is associated with ventricular standstill. This therefore represents an absolute contraindication to beta blocker use and patients should be specifically asked if they take prescribed verapamil. Beta blockers should not be administered to patients with severe aortic stenosis, first or second degree heart block, restrictive cardiomyopathy or if there is a history of transient loss of consciousness or severe asthma. It is difficult to determine the presence of many of these conditions in the scanning suite so there is a reliance on patients being suitably identified as safe to undergo the procedure by the referring clinician. A process of education of clinical colleagues is clearly an essential part of establishing and delivering a safe service.

Standard 3: Provided it is safe and practical to do so, heart rate controlling drugs should be administered so that the patient’s heart rate is <65 beats per minute during the scan.
The best quality images are obtained when the patient’s heart rate is 64 bpm or less. As a result, heart rate controlling drugs are frequently administered prior to the scan. In general, this involves administering beta blockers and this can be performed either orally or intravenously or using a combination of both. 

Intravenous dosing in CTCA
Metoprolol is the most common beta blocker used and this can be administered IV with the patient on the scanner table. This method is now first-line in many UK centres and has the advantage of heart rate control being achieved quickly. Although the beta blocker administration protocol is a matter of local choice, a typical dose regime is as follows:

	Starting dose of 5mg administered intravenously over 1 minute followed by a saline 	flush, with re-	administration of the same dose every 2-3 minutes until the heart rate 	is <65bpm. 

The maximum recommended intravenous dose of metoprolol quoted in the British National Formulary is 15mg, although doses up to 30mg have been quoted in the literature (6). Some UK centres titrate up to 50mg (7) without reported adverse events and although there are reports of higher doses being administered, the benefit of these high doses is questionable. 

Oral Dosing in CTCA
Metoprolol is the most commonly used and studied beta-blocker in this setting. In patients with a resting heart rate >65bpm, the following regimes are typical:

50-100mg one hour prior to CTCA; or 
50mg 12 hours prior followed by a further 50mg one hour prior to the scan.

These oral doses are then followed by titrated intravenous metoprolol if the heart rate remains >65bpm (8).

The patient should be monitored continuously during the scan. The patient’s heart rate and rhythm will be displayed on the scanner console and the blood pressure should be recorded prior to administering beta blockers. It is essential that all imaging centres use beta blockers cautiously and there must be clinical back-up available. The CTCA team should also be prepared to treat the effects of excessive response to beta blockers, whether symptomatic hypotension or symptomatic bradycardia. A clinical algorithm for managing these scenarios is provided in Fig.3. 

If the patient has a contra-indication to beta blocker administration, other heart rate controlling drugs can be used including ivabradine or calcium channel blockers such as diltiazem or verapamil, although these should only be prescribed under the guidance of a cardiologist.

Sublingual GTN is given by most units immediately prior to the scan to increase coronary artery diameter (9). The patient should be warned of the side effects of this. The slight reflex tachycardia this produces may increase the need for beta blocker useage.

There should be careful documentation of all drugs administered, together with all measured observations and any complications. Most departments have developed their own observation recording sheet but an example of this is provided in the standards document (1).

Standard 4: Staff should be trained in cardiovascular CT according to national/international guidelines, undertake CPD activities in CT coronary angiography and cardiovascular CT and should be trained in basic life support techniques.
At least one member of the CTCA team should be trained in immediate life support and all of the team members should be trained in basic life support. Resuscitation facilities should be available and there should be a defibrillator easily accessible. 

Staff members should be familiar with the manifestations and management of intravenous contrast medium reactions and with the complications of heart rate controlling drugs. 

Formal training recommendations for individual practitioners are available via scct.org.uk and bsci.org.uk. However, this article and the standards document focus on the requirements of the CTCA imaging team and department. 

Standard 5: The scanner used should be specifically set up for CT coronary angiography and be of 64 slices or greater, with cardiac software and ECG gating.
CT technology continues to evolve rapidly. Whereas previously CT scanner manufacturers used specific designs that had a distinct technical advantage, the distinction between manufacturers’ scanner models is becoming more blurred. Scanners with less than 64 detector rows should no longer be used for CTCA (2). Recent NICE guidance assessed newer CT scanner technology and found that these new generation scanners addressed many of the limitations of older technology scanners (10). It is now preferable to perform CTCA using one of these newer generation scanners, particularly in patients previously identified as difficult to image such as patients in AF and those with coronary artery calcification. These scanners should be optimised for cardiac imaging and must include ECG gating to allow motion free imaging of the coronary arteries.

ECG gating techniques should be available, both prospective and retrospective gating, with a facility for padding of prospective gating sequences and dose modulation for retrospective gating. The detector width should be </= 0.625mm (with a scan plane resolution of 12.5 lp/cm), the gantry rotation time should be </=350ms (11), giving a temporal resolution of <=175ms for a single sector, and the z axis coverage should be at least 20mm (12) and ideally at least 30mm unless a dual source scanner is used and the z-axis resolution should be </=8 lp/cm.

The scanner should be regularly maintained and be subject to a local quality assurance programme.

Standard 6: Prospective ECG gating should be the first line and default technique and used whenever possible and practical. Retrospective ECG gating should only be used in specifically selected cases.
The traditional method of ECG gating is retrospective gating, effectively a spiral scan with images then reconstructed at any phase in the cardiac cycle. Modern techniques involve the use of prospective gating where the irradiation only occurs at the points in the cardiac cycle likely to be used for imaging and this results in a significant reduction in radiation dose (13). The various forms of ECG gating are shown in Fig.4. 

It is recommended that prospective gating should be used whenever possible and that this should be the default technique. Images are generally acquired at end-diastole but may be acquired instead at end-systole. This step and shoot mode means that the acquired imaging slices are joined at the end of the scan to create an imaging volume. Scanners with a greater z-axis coverage can cover the whole heart in a single heartbeat, so all of the imaging volume is acquired at once with no misregistration or step artefacts.

Where slightly higher heart rates are present, prospective gating with padding is recommended as this enable the reconstruction of a number of cardiac phases close to end-diastole and so increases the chances of obtaining diagnostic images. This will increase the radiation dose compared with pure prospective gating but not so much as with retrospective gating techniques. 

Retrospective gating allows more flexibility including management of images where there have been ectopics or dysrrhythmia during acquisition. However, this comes at a price of a significantly higher radiation dose. Where retrospective gating has to be used, and this should be in exceptional and specifically selected cases, dose modulation should be used as this will reduce the radiation levels significantly during systole, a time in the cardiac cycle when there is significant cardiac and coronary motion. The dose is then increased to diagnostic radiation levels during mid-to-late diastole. Except where there is significant heart rate variability (such as atrial fibrillation), dose modulation techniques should be used with the narrowest selectable window of diagnostic tube current (14). 

Standard 7: The radiation dose administered should be as low as possible, commensurate with diagnostic image quality. Radiation doses and image quality should be routinely and regularly audited and benchmarked against other national centres. 
The objective is to obtain diagnostic quality images while delivering the lowest reasonably achievable radiation dose to the patient. Image quality and radiation dose are intrinsically linked in that in general, the higher the dose the higher will be the perceived quality of the images. The lower radiation doses used must not be set so low as to mean non-diagnostic images are obtained.

Image quality is determined by a number of factors. The temporal resolution is important because the coronary arteries are moving structures. This is determined by the speed of tube rotation, typically 350ms or less, so cardiac CT scanners should have a temporal resolution of </=175ms. Dual source scanners have better temporal resolution because the necessary images can be acquired in half the time of those from a single source scanner. 

Spatial resolution is determined by factors including the reconstruction kernel and the slice thickness. The slice thickness partly determines the noise in the image, so the smaller the slice thickness, the greater will be the image noise. Thin slices are required in CT coronary angiography because of the small size of the vessels to be imaged so this requires an increase in the mAs to reduce noise and so there will be an increase in radiation dose. The reconstruction kernel used also influences the amount of noise in the image. While the reconstruction field of view also influences spatial resolution, this is to a lesser extent than these other factors.

Contrast resolution is determined by the iodine concentration in the coronary arteries, the tube voltage and the image noise. The sensitivity for iodine is higher at lower kVs, such as 80 or 100kV compared with a more conventional level of 120, so this can mean less contrast medium can be given in addition to the radiation dose being reduced. However, this will tend to increase image noise and this is particularly problematic in larger patients so the choice of kV should be determined on a case-by-case basis and related to the size of the patient. 100kV should be used for small and medium sized patients with 80kV for very small patients and 120kV reserved for very large patients. 

Audit of radiation doses is an important means of ensuring high quality patient care. This can be performed locally but in addition the opportunity should be taken to enrol in national  benchmarking audits. The BSCI recently ran a prospective radiation dose audit among all UK cardiac CT centres willing to take part. Data was collected at the scanner side during and following each CTCA performed during a single month in 2014 and the results allowed benchmarking between individual anonymised units across the UK. Further audits are planned and CTCA departments are encouraged to take part.

Standard 8: The iodinated contrast medium delivery protocol should be adjusted for each patient group and according to the scanner being used.
A 20-gauge annual should be sited ideally in the right antecubital fossa and this should be tested with a high flow injection of saline to ensure it is effective. Scan timing for optimal contrast opacification can be performed either using a test bolus technique or bolus tracking, according to unit preference. 

The contrast administration protocol is a matter of local centre preference, although the ideal contrast delivery rate is between 1-2 g/s, depending on the kV used (15). A typical protocol adjusted to kV used for a 64 slice CT system is given in Table 1, assuming a contrast concentration of 350mgI/ml. Contrast volumes are typically lower with CT scanners capable of single heart beat acquisition (either wide-area detector or high pitch dual tube scanners).

The principles are for a high contrast flow rate to allow homogeneous and uniform coronary artery enhancement throughout the scan range. The enhancement should be intense enough to allow detailed visualisation of small vessels but not so intense as to cause beam hardening artefact. A saline chaser is recommended to ensure the right heart contains no contrast to reduce steak artefact from the SVC. Some centres prefer a mix of contrast and saline to follow the pure contrast bolus to enable an assessment of the right heart structures.

The contrast protocol will also be tailored to the scan range being imaged. For example, a 25% increase in contrast volume will be required if the patient has had previous CABG as the scan will need to commence at a higher level to include the origins of all of the grafts. 

Standard 9: The patient should be reviewed by an appropriately qualified member of staff prior to discharge from the scanning department.
Patients should be warned that they may experience light-headedness as they get up off the scanner table, particularly if beta blockers have been administered. They should then be accompanied from the scanner to the changing room by a member of staff.

Current RCR guidelines for patients undergoing a contrast-enhanced CT scan state that the patient should wait in the department for 15 minutes before leaving, or 30 minutes if there is an increased risk of contrast reaction (16). Patients should remain in the department longer if there are any persisting symptoms of heart rate controlling medication. Formal monitoring may be required in this case and support from clinical cardiology teams should be considered. 

Conclusion
These standards represent accepted best practice for UK cardiac CT departments. It is likely that a department will be working to high quality if all of these standards are used routinely. The patient can have confidence that they are having a scan in a high quality unit with good outcomes performed in a safe environment. The department can also obtain useful feedback by participating in dose audits, by regularly auditing each element of their practice and by obtaining formal feedback from patients in the form of patient satisfaction surveys and patient experience questionnaires. 
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Table 1: 
Potential contrast protocol for a 64-slice CT scanner using a contrast concentration of 350mgI/ml

	kVp
	Flow rate ml/s
	Contrast volume ml
	Saline ml

	80
	3.5
	60
	25

	100
	5.0
	75
	35

	120
	6.5
	95
	50

	140
	7.0
	100
	60




Fig 1: Standards

Standard 1
All patients should receive a letter/information leaflet giving an outline of the procedure, the preparation required and local site details.

Standard 2
All patients should have a risk assessment by a member of staff to ensure that it is safe for them to undergo the scan.

Standard 3
Provided it is safe and practical to do so, heart rate controlling drugs should be administered so that the patient’s heart rate is <65 beats per minute during the scan.

Standard 4
Staff should be trained in cardiovascular CT according to national/international guidelines, undertake CPD activities in CT coronary angiography and cardiovascular CT and should be trained in basic life support techniques (for CTCA training guidelines see www.scct.org and www.bsci.org.uk).

Standard 5
The scanner used should be specifically set up for CT coronary angiography and be of 64 slices or greater, with cardiac software and ECG gating.

Standard 6
Prospective ECG gating should be the first line and default technique and used whenever possible and practical. Retrospective ECG gating should only be used in specifically selected cases.

Standard 7
The radiation dose administered should be as low as possible, commensurate with diagnostic image quality. Radiation doses and image quality should be routinely and regularly audited and benchmarked against other national centres.

Standard 8
The iodinated contrast medium delivery protocol should be adjusted for each patient group and according to the scanner being used.

Standard 9
The patient should be reviewed by an appropriately qualified member of staff prior to discharge from the scanning department.


Fig.2: CT coronary angiography patient safety questionnaire
	Patient Details

	Date:
	
	Patient Name
	

	Radiologist
	
	Hospital ID
	

	Radiographer
	
	Date of Birth
	

	Nurse
	
	LMP
	

	Pre-procedure checklist (To be completed by Radiographer or Nurse)

	Have you had a previous severe allergic reaction?
	Yes
	No
	Discuss with Radiologist

	Have you had a reaction to contrast medium (X-ray dye) in the past?
	Yes
	No
	

	Do you have asthma?
	Yes
	No
	

	If yes, do you use an inhaler?
	Yes
	No
	

	Are you currently wheezy or is the asthma poorly controlled?
	Yes
	No
	Do not give Beta Blockers

	Have you taken Viagra (Sildenafil) within the last 24 hours?
	Yes
	No
	Do not give GTN

	Do you have a history of heart disease such as heart failure, heart block, heart valve disease or a family history of heart disease?
	Yes
	No
	Do not give GTN if severe aortic stenosis.
Do not give Beta Blockers if heart failure or 2nd/3rd degree heart block.

	Are you taking Verapamil
	Yes
	No
	Do not give Beta Blockers

	Do you have diabetes?
	Yes
	No
	

	Do you take Metformin?
	Yes
	No
	Check recent U+E

	Do you have or have you had high blood pressure?
	Yes
	No
	

	Do you have kidney problems, kidney failure or have you ever been on dialysis? If so please specify.
	Yes
	No
	

	Do you have gout, liver disease, myeloma or peripheral vascular disease?
	
	
	

	Have you had heart surgery or stents inserted?
	Yes
	No
	

	Do you have a pacemaker or implantable defibrillator?
	Yes
	No
	

	Do you consent to the use of your CT images for research, audit or teaching? 
	Yes
	No
	

	For female patients:        Could you be pregnant?
	Yes
	No
	

	Are you breast feeding?
	Yes
	No
	

	Medications
	

	Allergies
	



Print Name………………………..........Patient’s signature: …………………………………Date: 

Fig.3: Treatment of adverse events from heart rate lowering medication

Seek assistance from clinician covering the scan session

Bradycardia: HR <40bpm or <50bpm and symptomatic
•	Atropine 600mcg IV every 2-3 minutes up to a maximum of 2400mcg
•	If persistent and following beta-blockade/calcium channel blockade: administer 50mcg/kg IV glucagon (1 vial mixed with 5% Dextrose)
•	BLEEP ON-CALL Cardiology/General medical SpR 

Hypotension
•	If in the setting of bradycardia, treat as above
•	Otherwise, give 250mL 0.9% sodium chloride (‘normal saline’) IV bolus. BLEEP ON-CALL Cardiology/General medical SpR 


Cardiac Arrest
•	Call for help
•	Start basic life support in accordance with published guidelines
•	A second staff member should dial the cardiac arrest team giving location (CT scanner, Building x, Level x) and nature of emergency (adult cardiac arrest) and bring the resuscitation trolley.



















Figure 4: ECG gating techniques. 
The tall grey bar represents diagnostic levels of radiation. A retrospective gating; B retrospective gating with dose modulation; C prospective gating; D prospective gating with padding. During step-and shoot prospective gating (C and D), the radiation is delivered on alternate or every third heartbeat according to the patient’s heart rate, as the scanner moves or “steps” to the next image position during subsequent heart beats.
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