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Preface

Writing books is a lot like many of the practical tasks in Interventional Radiology. After the 
rush of excitement for the first few attempts you might be slightly less enthusiastic next time 
but you sure are a lot more experienced in what works and what doesn’t! This is our fourth 
edition of Interventional Radiology: A Survival Guide and we are starting to get the hang of it 
(both writing books and Interventional Radiology).

Our aim remains for this to be the ‘go to’ book for the practical techniques of 
Interventional Radiology, written in a friendly, if sometimes slightly sardonic, style. (We each 
blame the other for that sardonic bit creeping in.) We share your pain. We have learned the 
lessons of successful procedures either by watching them unravel at our own hands or even 
worse, trying to retrieve a procedure which someone else has unravelled for you. The 
experience in this book cannot replace having a friendly experienced colleague standing 
nearby and cheering you on but we try to get as close as possible.

The way we interact with knowledge has changed. When we started the survival guide, all 
our attention spans were so much longer that readers actually started books from the front 
and, reasonably, often read all the way to the end. Can you imagine that? Now we all tend to 
dip in and out of knowledge sources – it’s a miracle you’ve read this far in the preface alone!

To reflect these changes, the book has undergone a major rewrite, making it much more 
accessible and easier to dip in and out of. We have improved the format to include sections 
on essential equipment, and a principles section, which provide the foundations of 
Interventional Radiology. Many of the sections have been expanded to reflect the growth in 
Interventional Radiology. In particular, we have included much more on Interventional 
Oncology and we are hugely indebted to Dr Des Alcorn for his help and guidance with the 
sections on tumour ablation.

As always, we feel that having finished writing the fourth edition of the survival guide, we 
now understand much more about Interventional Radiology and hope that you will feel the 
same after reading it.



Abbreviations

AAA abdominal aortic aneurysm

AV atrioventricular

CCA common carotid artery

CCF congestive cardiac failure

CECT contrast-enhanced computed 
tomography

CE-MRA contrast-enhanced MRA

CFA common femoral artery

CFV common femoral vein

CIA common iliac artery

CTA computed tomography 
angiography

CVA cerebrovascular accident

DSA digital subtraction angiography

DVT deep vein thrombosis

EIA external iliac artery

ERCP endoscopic retrograde 
cholangiopancreatography

EVAR endovascular aneurysm repair

FBC full blood count

FFP fresh frozen plasma

FNA fine-needle aspiration

FNAC fine-needle aspiration cytology

fps frames per second

GTN glyceryl trinitrate

IADSA intra-arterial digital subtraction 
angiography

IJV internal jugular vein

IM intramuscular

IMA inferior mesenteric artery

IV intravenous

IVC inferior vena cava

LAO left anterior oblique

LGA left gastric artery

MIP maximum intensity projection

MPDSA multiposition DSA

MRA magnetic resonance 
angiography

MRI magnetic resonance imaging

NSAID non-steroidal anti-inflammatory 
drug

PA popliteal artery

PE pulmonary embolism

PFA profunda femoris artery

PIG peroral image-guided 
gastrostomy

PTC percutaneous transhepatic 
cholangiography

PVA polyvinyl alcohol

RAO right anterior oblique

RAS renal artery stenosis

RHV right hepatic vein

RIG radiologically inserted 
gastrostomy

RIJV right internal jugular vein

RPV right portal vein

rt-PA recombinant tissue 
plasminogen activator

RVEDP right ventricular end-diastolic 
pressure

SFA superficial femoral artery

STD sodium tetradecyl sulphate

SVCO superior vena cava obstruction

SVT supraventricular tachycardia

TIPS transjugular intrahepatic 
portosystemic shunt

TJB transjugular liver biopsy

TN tibial nerve

TOS thoracic outlet syndrome



Planning safe procedures

1
Making the correct treatment plan

This chapter focuses on steps you should take to minimize risk and prepare yourself and the 
patient for successful and safe procedures. You may be tempted to skip past to get to the 
action and give this section little more than a perfunctory glance. Do so at your own peril, 
every patient has the right to expect that they will receive timely and correct treatment and 
that an appropriately skilled practitioner will perform their procedure. The adage ‘Proper 
Planning Prevents Poor Performance’ applies in interventional radiology and heeding it will 
help you maximize your chances of achieving a successful outcome for the patient. Before 
rushing off, needle in hand, stop and ask yourself the following questions:

• Does the patient really need/want an intervention?
• Have you and the patient considered and understood the pros and cons of the alternative 

treatment options?
• Is the proposed procedure the most appropriate in the clinical situation?
• Does the patient understand what is in store and the potential risks and benefits?
• Do you and the patient have similar and realistic expectations for the outcome?
• Are you and the team prepared for all eventualities?

If you are unsure or have answered no, then seek advice and make sure that you document 
your discussions with colleagues and the patient. It is always better and safer to delay or 
cancel a procedure than to rush headlong into the wrong option.

Preparing for successful and  
safe procedures

There are three distinct aspects to consider when preparing for procedures, these relate to:

• The patient
• The team who will perform the procedure
• The environment before, during and after the procedure, including recovery and 

destination ward.

These must be addressed in advance of every procedure in the outpatient department,  
at multidisciplinary team meetings, on the ward, in discussion with clinicians and members 
of the radiology team. The amount of planning will vary with the complexity of the 
procedure and the needs of the individual patient but clear documentation is mandatory at 
each stage.
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Patient preparation

The key elements required to ensure that patients are properly prepared for a procedure are 
evaluation and information. Each assumes that you understand the procedure yourself.

Evaluation
The focus of evaluation is the identification of factors which may increase the risk of the 
procedure. Complex procedures should be discussed at multidisciplinary team meetings 
where all the different therapeutic options can be considered.

Screening tests Routine investigation (blood testing and electrocardiogram [ECG]) of all 
patients is unnecessary and merely increases the cost of patient care. In deciding whom to 
screen, consider the ‘invasiveness’ of the planned procedure and the likelihood of detecting 
an abnormality which would affect patient management. There is little evidence on which to 
base management, except in the case of prevention of contrast-induced nephropathy. The 
guidelines below are suggestions for screening and are not absolute; if in doubt, it is better to 
perform a non-invasive test.

Evaluation of renal function is indicated when the patient:

• Has a history of renal dysfunction
• Has a disease likely to impair renal function, e.g. hypertension, especially with peripheral 

vascular disease
• Is diabetic and has not had recent evaluation of renal function
• Has heart failure
• Is receiving nephrotoxic drugs.

Clotting studies are indicated when the patient:

• Has clinical evidence of a coagulopathy
• Has a disease likely to affect clotting, e.g. liver disease; therefore, it is unwise to perform a 

liver biopsy without knowing the coagulation status
• Is receiving medication that affects coagulation, e.g. heparin, warfarin or other 

anticoagulant or antiplatelet agents.

Platelet count is indicated in conditions that affect blood cell production or consumption, 
e.g. leukaemia, hypersplenism and cancer chemotherapy.

• Full blood count (FBC) is obtained in the context of bleeding but is less important than 
physiological status.

Alarm: Remember numbers may be misleading, e.g.:
•  Haemoglobin can be normal for several hours after acute haemorrhage.
•  Platelet number may be normal but function may be abnormal, particularly in patients 

on dual antiplatelet agents.

ECG is indicated when the patient:

• Has a history of cardiac disease
• Is to undergo a procedure likely to affect cardiac output or cause arrhythmia, e.g. cardiac 

catheterization.

Information
In order to decide whether to undergo treatment, patients need a basic understanding of their 
condition and how likely the proposed intervention is to alleviate symptoms or improve 
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prognosis. They also need to understand the therapeutic alternatives and the relative risks and 
benefits of each approach to managing their condition. Expect patients to have researched 
their condition on the internet; your job is to help them to make sense of the bewildering 
mixture of fact and fiction they have found. For all but the most basic procedures it is best to 
see the patient in advance, either on the ward or in an outpatient clinic.

Be straightforward and honest about your ability and experience and do not be afraid to 
allow a patient the opportunity to seek a second opinion. Patients will respect this and it is 
the least you would expect from someone treating you.

Informed consent Patients have a right to be given sufficient information to make informed 
decisions about the ‘investigation/treatment’ (these terms will be used synonymously) options 
available to them. Your role is to provide relevant information in a way that they can 
comprehend. The laws regarding informed consent vary from country to country; these 
guidelines are based on the current situation in the UK but the ethos is broadly applicable.

Recent case law in the UK has changed the focus of consent to consider what the ‘prudent 
patient’ would be likely to want to know. This means that patients should be warned of 
‘material risks’ associated with a procedure, even if they are uncommon. For instance, acute 
limb ischaemia is a recognized complication of peripheral arterial angioplasty; this may 
require surgery to restore flow and could conceivably lead to amputation or even result in 
death. Although uncommon, these risks must be mentioned and the likelihood of these 
events occurring must be put into perspective. In the UK at least, this has significant 
ramifications for consent.

Material risk In practical terms, a ‘material risk’ is anything that a ‘reasonable person’ in the 
patient’s position would be likely to consider important. This includes the common and 
serious side-effects (and their management) of the proposed procedure. It also encompasses 
anything that the doctor would presume to be important to the individual patient. For 
instance, ischaemia of a fingertip would be expected to have particular relevance to a concert 
pianist, as it would potentially result in a loss of livelihood.

Alarm: When considering ‘material risk’ ask yourself what you would want to know 
before agreeing to treatment. You should comment when the treatment is complex, 
unfamiliar or involves significant risk for the patient’s health, employment, or social or 
personal life. Document the key elements of any explanation and record any other wishes 
that the patient has in relation to the proposed treatment.

Consent issues A qualified doctor who understands the risks and side-effects of the 
procedure should be responsible for obtaining consent for treatment. Usually the doctor 
performing the treatment is in the best position to provide this information. If this is not 
practicable, the doctor may delegate to an appropriately experienced colleague. You must 
provide a balanced explanation of the treatment and alternative management options along 
with the risks and benefits of each. Include things a prudent patient might want to know, 
such as:

• The general nature and purpose of the proposed treatment, including analgesia, sedation 
and aftercare

• Are there alternative therapeutic options? This might include doing nothing, optimizing 
medical therapy, surgery or other interventional approaches

• Information about those performing the procedure including:
• The name of the doctor with overall responsibility for the patient
• Names of the relevant members of the doctor’s team, e.g. anaesthetist and surgeon
• The experience of the operator/team with the procedure.

• What are the ‘material risks’ of the procedure and how common are they?
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• Realistic expectations of the outcomes of the procedure, e.g.
• What is the likelihood of the procedure being a technical success?
• Will this have the clinically desired effect?
• Is the treatment a cure?
• What is the likelihood of recurrence?

• Will this treatment strategy impact on their future management?

The form of the explanation and the amount of information provided vary depending on 
the patient’s wishes, their capacity to understand and the nature and complexity of the 
treatment. The patient should be allowed time to consider the information and must not be 
pressurized to make a decision. The patient must be told that they can change their mind or 
seek a second opinion at any time without prejudicing the care.

Review the patient’s decision close to the time of treatment. This is mandatory when:

• Significant time has elapsed since consent was obtained. Many consent forms have a 
section to allow reaffirmation of consent.

• There have been changes that may affect the treatment strategy or outcomes.
• Someone else has obtained consent.

Alarm: Compliance is not the same as consent! The patient’s presence in the 
interventional suite does not indicate that the patient knows what the treatment entails. 
Documenting and checking the consent avoids misunderstanding and is the best 
defence in the event of litigation.

Special circumstances There are instances in which it is difficult or impossible to obtain 
informed consent. There are some general guidelines for what is acceptable procedure. If there 
is any doubt, legal advice should be obtained either from the hospital administration 
department or your medical indemnity provider.

Emergencies When consent cannot be obtained, you may only provide whatever medical 
treatment is necessary to save life or prevent significant deterioration in the patient’s 
condition.

Capacity to make decisions This is the ability to understand and retain information for 
long enough to evaluate it and make a decision.

Inability to comprehend Seemingly irrational decisions and refusal of treatment are not 
evidence of a lack of capacity. Take time and review whether the patient has been provided 
with sufficient information or has not fully understood any of the explanation. Where doubt 
exists, seek advice; there is guidance for the formal assessment of capacity.

Fluctuating capacity When the patient’s mental state varies and the decision can wait, consent 
should be obtained during periods of lucidity. This should be reviewed at intervals and 
recorded in the patient’s notes.

In the UK, no one can give or withhold consent of treatment on behalf of a mentally 
incapacitated patient unless they have been legally authorized to do so. Try to establish 
whether the patient has previously indicated a preference, e.g. in an advance decision. If the 
patient complies, you may carry out any treatment that is judged to be in the patient’s best 
interest. In these circumstances, it is prudent to seek a second opinion and for this to be 
documented in the patient record.

Children At the age of 16, the patient should be treated as an adult. Children below the age 
of 16 who are able to understand the nature, purpose and consequence of the procedure or 
its refusal have the capacity to make decisions regarding their treatment. In England, if a 
competent child refuses treatment, a person with parental authority or a court may give 
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consent for any treatment in the child’s best interest. Seek legal advice when doubt exists. A 
person with parental authority may authorize or refuse treatment for a child who is not 
competent to give consent. You are not bound by parental refusal; seek legal advice. In an 
emergency, proceed as above.

Managing high-risk patients

The role of interventional therapy is extending to some of the highest-risk patients, such as 
those with major bleeding from the gastrointestinal tract and secondary to trauma.

Risk management begins in advance of the procedure and starts by identifying which 
patients are at higher risk from the intervention (e.g. bleeding diathesis, allergy to contrast) 
and also whether they pose a risk to staff (e.g. infection control). It will also identify specific 
challenges such as the need for a hoist for a very heavy patient or a translator in case the 
patient speaks a different language.

In some cases, risk is evident from the nature of the procedure being undertaken. In other 
cases, it is necessary to seek out the relevant information from the patient, the referring 
clinicians or staff on the ward.

Most units will perform some form of screening for risk at the time of booking a procedure 
using a standard series of questions or proforma. This will identify the majority of the known 
conditions and risk factors. In addition to this, further checks should be performed once the 
patient is admitted to the hospital or day-case unit. This allows an additional opportunity to 
provide instructions for ward staff and the patient (e.g. the need for intravenous cannulation). 
If you use each of these opportunities and pay attention to detail few patients will cause 
surprises when they arrive for the procedure and your lists are more likely to go according  
to plan.

Having identified patients who are at increased risk, it is necessary to have strategies to 
manage them. Consider the risk in the context of the patient’s condition. Clearly, there is a 
balance of risk; the risks of the procedure should be minimized, but the patient’s wellbeing is 
paramount. You may be advised that ‘the patient is too unstable to bring to radiology’ but, 
for a patient with life-threatening haemorrhage, the time to stopping bleeding is key and 
there is seldom logic in delaying a potentially life-saving procedure! This section aims to help 
you keep the risk to the patient and to yourself as small as possible.

This list is not comprehensive, so pause to consider before every individual case and never 
hesitate to seek advice.

The patient’s general condition

American Society of Anesthesiologists (ASA) status 
classification system
Anaesthetists will often quote ASA scores to you (see: http://www.asahq.org/resources/
clinical-information/asa-physical-status-classification-system). The grading allows a common 
understanding of a patient’s pre-procedure physical condition. The ASA score should not be 
used for prognostic indication, as actual risk will be affected by other factors such as age, 
body mass index, type of procedure, anaesthetic technique and operator experience.

In practice you need assistance with ASA IV patients (life-threatening condition), and 
ASA V (will not survive without intervention) patients require immediate attention!

The patient has a history of anaphylactic reaction to intravascular contrast This is fully 
discussed in Chapter 3. Consider alternative imaging strategies such as duplex ultrasound and 
magnetic resonance angiography (MRA), or another contrast agent such as gadolinium or 
carbon dioxide (CO2).

http://www.asahq.org/resources/clinical-information/asa-physical-status-classification-system
http://www.asahq.org/resources/clinical-information/asa-physical-status-classification-system
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The patient is anticoagulated or has a severe bleeding diathesis. The risk relates to 
the nature of the procedure; simple drainage and venous puncture are safer than arterial 
puncture or core biopsy. The risk of haematoma following angiography increases when the 
platelet count is 100 × 109/L. For surgery and invasive procedures, the platelet count should 
be ≥50 × 109/L.

Evaluate each case on its own clinical merit, consider postponing elective procedures to 
allow investigation and correction of the coagulopathy. Only intervene to correct the clotting 
if the procedure is urgent.

Tip: Abnormal clotting is relevant mainly when the time comes to obtain haemostasis. 
Consider using a closure device (Ch. 37). Alternatively, leave a sheath in the artery until 
the clotting is corrected. An arterial line may be helpful for patients in the intensive 
therapy unit.

Diabetes Diabetic patients are at particular risk because of:

• The protean manifestations of diabetes, especially cardiovascular and renal disease
• Potential problems with diabetic control in the peri-procedural period.

Non-insulin-dependent diabetic patients The risks of lactic acidosis in patients taking 
metformin appear to have been exaggerated. The current UK recommendation from the Royal 
College of Radiologists (https://www.rcr.ac.uk/sites/default/files/Intravasc_contrast_web.pdf) 
has recently been revised. Guidance now states that renal function should be known; if the 
creatinine is normal or the estimated glomerular filtration rate (e-GFR) is >60 mL/min per 
1.73 m2 then metformin can be continued. If the creatinine is elevated or the e-GFR is 
<60 mL/min per 1.73 m2 then the decision to continue or stop metformin for 48 h following 
contrast should be taken in conjunction with the referring team. Stopping metformin is not 
without risk and some patients will need to take insulin to control their diabetes over this 
period. In general, metformin should not be restarted until stable renal function has been 
confirmed 48 h after the procedure.

Insulin-dependent diabetic patients There are various regimens in practice and your hospital 
will have its preferred strategy. The following are simple principles that can be applied to 
most insulin-dependent diabetic patients:

• Avoid prolonged fasting
• If possible, schedule their procedure early in the morning. In this case they should take 

their long-acting insulin as usual but omit the short-acting insulin.
• If the procedure is later in the day, leave out the short-acting insulin and halve the dose of 

the long-acting insulin.
• A 5% dextrose solution should be infused to provide 5–10 g/h of glucose; this will usually 

maintain the blood glucose in the range 6–11 mmol/L.

Tip: Ask the patient if they recognize when they are becoming hypoglycaemic. If they 
do, tell them to advise you if they develop symptoms. If not, then check the blood sugar 
periodically during the procedure.

Alarm: Hypoglycaemia is more important than transient hyperglycaemia. Sweating, 
confusion and anxiety can all indicate significant hypoglycaemia. It is seldom unsafe to 
give the patient dextrose.

Renal impairment Chronic kidney disease (CKD) is common in very sick patients, the 
elderly and those with peripheral vascular disease. Roughly 50% of renal function has been 
lost by the time the creatinine rises above the normal limit. Estimated glomerular filtration 

https://www.rcr.ac.uk/sites/default/files/Intravasc_contrast_web.pdf
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rate (eGFR) is a better indicator of renal function. If the creatinine is elevated or the eGFR is 
<60 mL/min per 1.73 m2 renal function is abnormal. Patients with CKD are at particular risk 
of developing contrast-induced acute kidney injury (CI-AKI). This is defined as a rise in an 
absolute rise creatinine of 0.3 mg/dL or 26 µmol/L or a 1.5 × increase within 48 h. In 
practice, if the patient is under 70 years old with no history of cardiovascular disease or renal 
dysfunction, the risk will be low, but ideally the e-GFR should be known for all patients 
undergoing elective procedures. Although few patients will require dialysis as a result of 
CI-AKI, prevention is better than cure. The most important factor in protecting renal 
function is ensuring adequate hydration using normal saline. If intravascular iodinated 
contrast is essential then non-ionic isosmolar agents probably minimize the risk. There is no 
evidence that any other pharmacological regimens reduce the incidence of contrast-induced 
acute kidney injury.

Alarm: eGFR is calculated using data including age, race and sex of the patient. If your 
laboratory does not provide eGFR reports, you can calculate it using online calculators 
(e.g. http://egfrcalc.renal.org).

1. Is this the most appropriate investigation? Consider using alternative tests (MRA, 
Doppler, CO2). Remember that there is a risk of nephrogenic systemic sclerosis in patients 
given gadolinium-based contrast for magnetic resonance imaging (MRI) and non-contrast 
techniques should be considered, especially for angiography.

2. Review medication. If possible consider stopping:
• Non-steroidal anti-inflammatory drugs (NSAIDs)
• Angiotensin-converting enzyme inhibitors (ACE-Is) and angiotensin II receptor blockers 

unless there is severe heart failure
• Metformin (stop for 48 h and restart if creatinine stable).
Avoid loop diuretics if possible.

3. Act according to the severity of the CKD (based on e-GFR) and involve a nephrologist 
early:
• Stage 1 and 2 CKD, minimal risk e-GFR >60 (Cr <120)

Ensure hydration Oral fluids 1 L pre- and post-procedure
• Stage 3a and 3b, low risk e-GFR 30–59 (Cr 120–180)

Inpatient: Non-ionic contrast, IV normal saline 1 mL/kg per hour, 12 h pre- and 
post-procedure

Outpatient: Iso-osmolar contrast (iodixanol). Encourage oral fluids 1 L pre- and 
post-procedure, if possible IV normal saline started on arrival 1 L over 4 h.

• Stage 4, intermediate risk e-GFR <30 (Cr >180 or renal transplant)
If possible admit for procedure: iso-osmolar contrast IV normal saline 1 mL/kg 

per h (caution if congestive cardiac failure [CCF]) 12 h pre- and post-procedure  
N-acetylcysteine 600 mg PO (two doses pre- and post-procedure).

• Stage 5, high risk, CrCl <15
Admit for procedure; as above. Repeat Cr at 7 days.

• Avoid further contrast exposure for 72 h if possible.
4. Other risk factors, e.g. diabetes mellitus, multiple myeloma, CCF, cirrhosis: consider 

promoting to the next level of CKD.

Tip: Hydration – in the presence of CCF or cirrhosis with ascites, use 5% dextrose 
instead of saline.

Hypertension Hypertension is common and is exacerbated by anxiety and pain. 
Hypertension increases the risk of haematoma. Review the ward charts to check the normal 

http://egfrcalc.renal.org
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baseline blood pressure (BP). The Society of Cardiovascular and Interventional Radiology 
(SCVIR) standards define uncontrolled hypertension as a diastolic pressure >100 mmHg. 
Systolic hypertension is present when the systolic pressure is >180 mmHg.

Controlling high blood pressure starts on the ward. The patient should take any 
antihypertensive medication (except loop diuretics) as normal. If they remain hypertensive  
in the angiography suite, they can be given 10 mg of nifedipine. Sedation and analgesia  
may also help blood pressure control. Aim to reduce the mean blood pressure by no more 
than 25%.

Tip: If the blood pressure cannot be controlled by these simple measures, postpone 
elective cases until the patient is appropriately medicated on the ward.

Heart failure The patient’s condition should be optimized before angiography. Diuretics 
should be avoided if possible to minimize the risk of nephrotoxicity. Limit the study to the 
essential details. If necessary, breathless patients can often sit up slightly; this can be 
compensated for by craniocaudal angulation of the C-arm. Give oxygen as necessary.

Gastric contents It is normal to fast patients before invasive procedures but the risk of 
aspiration of gastric contents is very small except in sedated patients. General guidelines are 
shown in Table 1.1. These are mandatory before conscious sedation or anaesthesia and 
advisable before other cases.

Table 1.1 General guidelines for fasting time before invasive procedures

Oral intake Fasting time (h)

Solids and non-clear liquids 6–8

Clear liquids 2–3

In urgent cases, seek anaesthetic advice, avoid sedation and consider metoclopramide to 
promote gastric emptying, H2 antagonists or proton pump inhibitors to increase gastric pH 
and antiemetics to minimize the risk of vomiting.

Patients with dementia, anxiety and agitation It is not safe to embark on an invasive 
procedure in a patient who cannot cooperate due to significant confusion or agitation. These 
patients may require sedation or general anaesthesia to allow the procedure to be performed 
successfully. Patients with anxiety will respond to sedation, those with dementia rarely do and 
in this case, general anaesthesia is usually the safest option for both the patient and staff. 
Consent issues are also relevant in this group of patients (see above).



Pre-procedure safety check

2
Formal and clearly documented safety checks and briefings are mandatory and essential if you 
want to reduce predictable and preventable errors during procedures. It has been clearly 
demonstrated that safety checks performed immediately before and after every surgical 
operation reduce patient morbidity regardless of the environment. The surgical safety 
checklist has been adopted worldwide and similar checks should be used in interventional 
radiology.

This chapter builds on the ethos of the surgical safety check and suggests reviewing 
complex elective cases in advance of the day of the procedure in addition to further formal 
reviews at the start and end of every day.

Advance planning

There are two separate aspects to advance planning: administrative and personal preparation.

Administrative preparation
This is usually the role of the radiographic or nursing staff. There should be a screening 
process aimed at identifying risk factors such as anticoagulation in advance of the procedure. 
The aim of this process is to avoid surprises on the day and thus prevent delays or 
cancellation. Screening is often carried out through a telephone checklist review with the 
patient or with their source ward. Once risk factors are identified, appropriate planning and 
mitigation should take place, e.g. converting a patient on warfarin to heparin or scheduling 
diabetic patients first on the list.

Personal preparation
It is always worth reviewing the imaging and mentally rehearsing the procedure. This is 
particularly true of more complex interventions and is mandatory for cases that require 
equipment which is not routinely stocked. This one habit prevents a lot of delay and 
disappointment and pre-rehearsal generates the opportunity to discuss cases where there is 
any uncertainty regarding the choice of treatment, how best to perform it and to consider 
potential problems and endpoints.

Advance review checklist
Always decide what you are aiming to achieve. Ask yourself the following questions, the 
answers will be useful when consenting the patient and carrying out the pre-procedure team 
briefing:
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• Is this the correct procedure for this patient at this time? If there is any doubt, it is time to 
verify the clinical situation with the referring team; if there is still uncertainty, then discuss 
the case with your boss.

• What are the key steps and sequences in the procedure? Make sure you have a clear plan 
and know how to use the necessary equipment.

• What is the likelihood of the procedure having the desired technical and clinical outcome? 
Make sure that the patient and the referring team understand the limitations of the 
procedure, especially in cases where the clinical benefit is uncertain.

• What are the possible treatment strategies and which is most likely to succeed and least 
likely to cause harm?

• Does the case require specific equipment? If so, is it in stock or does it need to be ordered?
• What problems are likely to be encountered? Think about what you will do if there is a 

problem or you are not successful. You should always have a ‘Plan B’ and, if necessary, 
little plans C, D and E.

• Might you stop before your objective is reached? It is often better to ‘live to fight another 
day’ rather than ploughing on in a spiral of failure, especially if this might have an 
adverse clinical outcome for the patient – you did remember to warn them about this and 
document the discussion in the patient record didn’t you?

Finally, ask yourself the ME question: would I be happy to have someone with my skill and 
experience undertake this procedure on me? If the answer is yes, then go ahead but if the 
answer is no, then either reschedule the patient on a more appropriate list or make sure that 
you have appropriate assistance from a colleague.

On the day: staff, equipment and  
room preparation

It is essential to review how the list will run and requirements for individual cases. There is 
no hard and fast way to do this as long as all of the key aspects are covered.

Daily safety check
Before the list begins Representatives from each of the teams who will be involved 
(radiologist, nursing, radiography, anaesthesia, surgery, etc.) should review all of the planned 
cases as a group. Some centres will choose to include a review of individual case management 
at this time.

It is the responsibility of these staff to disseminate important information to other 
members of their teams. The meeting should not take place in the absence of essential staff. 
One individual is responsible for recording the attendance and discussion and ensuring that 
the daily safety check is recorded in the radiology information system.

The purpose of this check is to:

• Review and agree the order of cases
• Consider complex or high-risk patients – this will include a review of your advance 

planning
• Consider risks to staff and other patients, such as infection control issues
• Verify that all required equipment is available.

The meeting should not take more than a few minutes assuming everyone has prepared.

Individual patient safety checks
The elements of the safety check are included in Table 2.1 and your institution will have its 
own version. What follows is intended to explain the ethos that lies behind the checks. If you 
understand this, you will be able to lead the team effectively through the process.
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Table 2.1 Checklist for typical interventional cases

Task
Person 
responsible Elements

Pre-procedure 
case review

Doctor Review intended procedure: site, side, approach, etc.

Nurse Need for sedation, analgesia, anaesthesia

Radiographer Monitoring

Anticipated equipment including patient-specific items, e.g. 
stent graft, chemoembolization

Emergency equipment

Potential difficulties

Additional equipment, e.g. ultrasound machine

Important elements of procedure

Set of room: C-arm position, trolleys, etc.

Pre-procedure 
checklist

Nurse Patient ID

Patient notes

Allergies/drug reactions

Pre-procedure test results normal or inform doctor

Intravenous access

Hydration

Premedication

Antibiotic prophylaxis within previous 60 min

Analgesia/sedation

Check correct equipment available

Bail out kit (covered stents, etc.)

Doctor Consent

Medication required is prescribed

Radiographer Request available

Imaging available

Post-
procedure 
check

Doctor Operative sheet completed showing procedure, outcomes, 
complications, aftercare

Communication with patient, relatives and other carers

Planned review stated

Nurse Sharps disposed safely

Patient charts completed including prescribed drugs, monitoring

Specimens labelled and handled correctly

Handover to ward staff including instructions for aftercare/
analgesia

Patient given information sheets/instructions for care/contact 
numbers

Radiographer Images reviewed with doctor

Images archived
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Before starting

The team who will perform the case should convene and go through a safety checklist, this 
should be recorded on the radiology information system and a copy filed in the patient 
record. How you conduct the safety check is up to your team and it does not really matter so 
long as everyone takes it seriously and all the bases are covered.

If you use a white board to manage the list you can always call upon your artistic skills and 
draw a schematic overview of the case and list equipment and drugs. The key elements of the 
check are as follows.

Introductions Ensure that everyone knows each other. This is particularly important when 
working with another team from, e.g. intensive care staff coming to the interventional suite, 
or you are in an unfamiliar environment, e.g. when working in the operating theatre.

Patient identification and consent check Verify that the patient has been identified using 
appropriate two- or three-step checks (name, date of birth and address) and that there is a 
valid signed consent form.

Procedure plan Make sure that everyone knows the plan for the procedure, its steps and any 
anticipated difficult elements. Include patient positioning, the approach, site to be treated and 
the equipment you intend to use. Confirm that medications and blood products have been 
prescribed/administered/are available if required.

Equipment check Ensure the team has checked that all the anticipated and ‘bale out’ kit is 
available and in the room and that you are informed of anything missing or in short supply 
(e.g. balloons, stents, embolization coils).

Explanations If the case is complex, who will ensure that everyone knows their roles and 
responsibilities, e.g. patient monitoring, running nurse, scrub nurse? Pick your strongest team 
and ensure that the most appropriate individual is in each role.

Final confirmation Ask if anyone has any questions and check that everyone is happy to 
proceed.

Post-procedure check and aftercare

It is always tempting to think that once you have performed your technical wizardry your 
work is done. Unfortunately, this is not the case and now is the time for the less glamorous, 
but still important, aspects of the job.

As soon as the procedure is over, the post-procedure checklist (Table 2.1) should be 
completed, this can be completed by someone else while you obtain haemostasis, or even 
better, completed by you while someone you trained pushes on the groin. Following this is 
the time to sit down (in the UK with a cup of tea) and make an operative record. This should 
include technical details of the procedure and any implants. It is important to document 
complications, even if they have been resolved. It is good practice to keep a copy of the 
operative record on the radiology information system for future reference.

As well as the operative note, it is important to make sure that there is an adequate 
handover of care to the receiving ward and clinical team. Unlike the safety check, there is no 
particular ethos required and the individual elements to consider are set out below. It is 
essential that the person who actually hands over care to ward staff is aware of the key facts 
and also where you have your notes for handover.



Post-procedure check and aftercare 15

• Will the patient require any special care or analgesia after the procedure?
• Have you handed over care to an appropriate colleague?
• Do the ward nurses require special orders for observations and patient monitoring?
• Do drains or lines need particular care or management?
• If there are potentially predictable problems what precautions are necessary and what 

actions should be taken if they occur?
• Who should be notified if there is a problem and how are they to be contacted?
• Will you be visiting to review the patient?
• When can the patient be discharged; has a discharge letter been provided and any 

medications prescribed?
• Is an outpatient appointment necessary, when and with whom?

A particular form of handover is communication with the patient/carer after an outpatient 
or day-case procedure. It is best to provide written instructions, especially if the patient has 
received sedation. Make sure that the patient/carer knows who to contact and how to contact 
them in the event of an emergency.

Table 2.1 indicates the typical elements that should be considered for almost every 
procedure.

Tip: Fail to plan, plan to fail. Planning helps you and your staff to ensure procedures are 
performed safely and smoothly, with the minimum of stress for all concerned!
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Contrast

Most vascular computed tomography (CT) and magnetic imaging resonance (MRI), the vast 
majority of angiographic procedures, and many nonvascular interventions rely on contrast 
media to reveal the anatomy. Contrast media can be broadly classified according to their use 
and also their chemical structure. X-ray contrast affects tissue X-ray attenuation, ultrasound 
contrast affects tissue and blood reflectivity and MRI contrast affects tissue relaxation times. 
The Royal College of Radiologists has issued pragmatic guidance on the use of intravascular 
contrast agents. Discussion in this chapter is confined to contrast media used for angiography 
and vascular diagnosis.

Intravascular X-ray contrast agents

The two principal categories of X-ray contrast both affect X-ray attenuation. Details of the 
chemical and physical properties of these agents are extensively discussed in many texts. It 
helps to be familiar with the different options and their indications, this will be most relevant 
in cases where there is kidney disease or a history of adverse reaction.

Positive contrast agents These are liquids containing iodine or gadolinium that have greater 
attenuation than the patient’s soft tissues.

Negative contrast This has lower attenuation than the patient’s tissues; at present, carbon 
dioxide gas is the only available option.

Basic principles for using  
intravascular contrast

Optimal demonstration of anatomy and pathology requires sufficient difference in 
attenuation between the target tissue and the surroundings, as well as X-ray equipment 
parameters, e.g. kV and mAs.

The aim is to adequately opacify the vessel but allow a level of grey-scale that allows 
branches/filling defects to be seen through the contrast. This requires the correct strength 
contrast in sufficient quantity (volume of contrast) delivered in the right place. If the contrast 
is too diluted, there will be insufficient change in attenuation, conversely too concentrated 
contrast can obscure lesions.

As a general principle, the contrast column should opacify the entire vessel segment. To 
achieve this, the total contrast dose and the duration of the bolus must be correct. 
Appropriate catheter positions, contrast volumes and flow rates are indicated throughout the 
diagnostic angiography sections. When the blood flow is slow, it may take several seconds for 
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the opacified blood to pass through the vessel. Hence, a long contrast bolus is necessary. This 
is one of the reasons for increasing the volume of contrast to image the more distal vessels. 
Modern angiography equipment allows integration of multiple images, which has the same 
effect as increasing the length of the bolus, but it can reduce image quality due to minor 
degrees of patient movement between frames.

Iodinated contrast media
These are the most frequently used agents. Non-ionic contrast media are recommended in 
high-risk patients (see below).

Most diagnostic and therapeutic intervention is performed using ‘300 strength’ contrast 
(300 mg/mL iodine). This density of contrast is fine for pump injections into large vessels 
where the contrast is diluted by rapid blood flow. For selective hand injections in the vascular 
system and for non-vascular examinations, 300 strength contrast is diluted with saline to 
‘two-thirds’ or ‘half strength’.

Contrast reactions with iodinated contrast media

There are two forms of contrast reaction: direct effects and idiosyncratic responses; these are 
more common in certain groups of patients and emphasis should be on identifying them, 
reducing risk and preventing reactions. Up to 2% of patients require treatment for adverse 
reactions to intravascular iodinated contrast agents. Fortunately, the majority of cases require 
only observation and minor supportive treatment. Less than 1% are severe but these require 
prompt recognition and immediate treatment.

Alarm: Contrast reactions should be discussed during the consent procedure.

Direct effects Direct effects are secondary to the osmolality and direct chemotoxicity of the 
contrast, and they include heat, nausea and pain. More important are the effects on organ 
systems.

Renal Contrast-induced acute kidney injury (CI-AKI), defined as a rise in creatinine of 
0.5–1 mg/dL or 44–88 µmol/L, is common and most likely in patients with chronic kidney 
disease. Strategies for preventing CI-AKI are discussed in Chapter 1.

Cardiac Cardiac problems are most likely to occur during coronary angiography and are 
usually manifest as arrhythmias or ischaemia. It is prudent to use non-ionic contrast in 
patients with ischaemic heart disease or heart failure.

Haematological Significant haematological interactions are uncommon. Non-ionic iodinated 
contrast can induce clotting if mixed with blood; hence, scrupulous attention to catheter 
flushing and avoidance of contaminating syringes with blood are essential.

Neurological Most neurological sequelae occur during carotid angiography and are related to 
angiographic technique. Genuine contrast-related problems are rare and are usually seen in 
patients with abnormalities in the blood–brain barrier.

Idiosyncratic reactions The mechanism of these reactions is uncertain; vasoactive agents 
such as histamine, serotonin, bradykinin and complement have been implicated but a causal 
role has not been established.
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Idiosyncratic reactions are classified according to severity.

• Minor: Common, ~1 : 30, e.g. metallic taste, sensation of heat, mild nausea, sneezing; these 
do not require treatment.

• Intermediate: Common, ~1 : 100, e.g. urticaria; not life-threatening; these respond quickly 
to treatment.

• Severe: Rare, ~1 : 3000, e.g. circulatory collapse, arrhythmia, bronchospasm, dyspnoea; may 
be life-threatening; these require prompt therapy. Remember the A, B, C, D approach and 
do not hesitate to call for help.

• Death: Rare, ~1 : 40,000, mostly caused by cardiac arrhythmia, pulmonary oedema, 
respiratory arrest or convulsions.

Assessing the risk The risk of a contrast reaction varies depending on the circumstances of 
individual patients; however, the following are associated with an increased risk of a severe 
idiosyncratic reaction:

• Previous allergic reaction to iodine-containing contrast and shellfish allergy: 10×
• Cardiac disease: 5×
• Asthma: 5×
• General allergic responses: 3×
• Drugs: β-blockers, interleukin-2: 3×
• Age >50 years: 2× risk of death.

Remember that these factors increase the relative risk; the absolute risk remains very low.

Reducing the risk The vast majority of severe and fatal contrast reactions occur within 
20 min of administration and therefore it is vital that patients are kept under constant 
supervision with a cannula in situ during this period. There have been a few isolated reports 
of delayed hypotensive reactions hours after contrast injection.

The ideal method of reducing risk is to avoid iodine-containing contrast examinations by 
using other imaging modalities, such as ultrasound or MRI. When this is not possible:

• Prepare for reaction. Ensure that resuscitation equipment and drugs are immediately 
available every time contrast is injected. Make sure that you are familiar with the 
management of the reaction; most catheter laboratories have charts on the wall to remind 
you in times of need (note: it is much less stressful to check it out in advance).

• Use non-ionic contrast agents. Non-ionic contrast agents certainly reduce the risk of 
minor reactions and may reduce the risk of more significant reactions.

• Reassure the patient. Explain that contrast reactions are unlikely and that the 
situation is under control. In severe anxiety, short-acting anxiolytic agents may be 
warranted.

• Consider steroid pre-medication. There is no conclusive evidence that oral steroid 
premedication reduces the risk of moderate–severe reactions but it pays to check whether 
your department has guidelines on steroid administration.

In the rare patient with a previously documented severe reaction:

1. Try to identify which agent was responsible (and make certain you do not use it again)!
2. Avoid iodinated contrast; use CO2 or gadolinium or another imaging modality.
3. If this is impossible and the examination is essential:

– If there is time, seek the opinion of an allergy specialist.
– Ensure resuscitation personnel, equipment and drugs are immediately available. You 

may need expert assistance maintaining the airway, so consider enrolling anaesthetic 
assistance.

– Monitor the patient carefully.
4. Use non-ionic contrast.
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5. Consider steroid premedication in accordance with local guidelines.
6. Reassure the patient.

Treatment of contrast reactions
Warn patients that a sense of warmth, a metallic taste and transient nausea are all common 
after rapid IV injection of contrast and these effects wear off after a few minutes.

Minor reactions

• Nausea and vomiting. Active treatment rarely required. Reassure and monitor patient.
• Urticaria. One of the commonest contrast reactions. Localized patches of urticaria do 

not require treatment. Simply observe and monitor the patient (pulse, BP). Generalized 
urticaria or localized urticaria in sensitive areas, e.g. periorbital, should be treated by 
chlorphenamine 20 mg, given slowly by IV injection.

• Vasovagal/syncope. Monitor the patient’s pulse, BP, oxygen saturation and ECG. Elevate 
the legs. Establish IV access. Give atropine 0.6–1.2 mg by IV injection for symptomatic 
bradycardia. Volume expansion with IV fluids for persistent hypotension. If hypotension 
persists, seek medical support.

Intermediate–severe reactions

Bronchospasm Monitor the patient’s pulse, BP, oxygen saturation and ECG.

• Give 100% O2.
• Treat initially with β-agonist inhaler, e.g. salbutamol.
• Give IV corticosteroids, e.g. 100 mg hydrocortisone. In acute reactions, steroids may work 

surprisingly quickly, although it can take a few hours for them to achieve full effect.

If there is continuing bronchospasm seek assistance.

• Consider intramuscular epinephrine: 0.3–0.5 mL of 1 : 1000 solution.

Laryngeal oedema/angioneurotic oedema Seek anaesthetic assistance. Monitor the patient’s 
pulse, BP, oxygen saturation and ECG. Give:

• 100% O2 and watch the oxygen saturation closely.
• Chlorphenamine 20 mg by slow intravenous injection.

Consider:

• Epinephrine intramuscularly (IM) 0.3–0.5 mL of 1 : 1000 solution.
• Get an anaesthetist to assess the airway. Tracheostomy may be required in severe cases.

Severe hypotension Call for support. Hypotension accompanied by tachycardia may indicate 
vasodilation and increased capillary permeability. Monitor the patient’s pulse, BP, oxygen 
saturation and ECG.

Alarm: Also consider other causes of hypotension related to the patient’s underlying 
diagnosis or procedural complication e.g., bleeding or myocardial infarction.

• Rapid infusion of IV fluids is essential and several litres of fluid replacement may be 
necessary.

• Epinephrine IM 0.3–0.5 mL of 1 : 1000 solution. In the case of severe circulatory shut down 
IV epinephrine may be required. This is normally the preserve of expert anaesthetists/
physicians but if the patient is severely shocked, consider epinephrine 1 mL (0.1 mg) 
1 : 10 000. This should be given with extreme caution by slow IV injection.
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Cimetidine, the H2 receptor antagonist, has been effective in severe reactions resistant to 
conventional therapy. The drug is given by slow IV infusion (cimetidine 300 mg in 20 mL 
saline). An H1 receptor blocker, such as chlorphenamine, should be given first.

MRI contrast agents

Gadolinium
Gadolinium works well as an MRI contrast agent. Its use has been described in X-ray 
angiography but it is a poor X-ray contrast agent and is often difficult to see on fluoroscopy. 
Gadolinium is handled in the same way as conventional liquid contrast agents and can be 
injected by hand or with a dedicated injection pump.

There are many different gadolinium preparations and there is increasing interest in the use 
of ‘blood pool agents’ for magnetic resonance angiography (MRA). These have a longer dwell 
time in the circulation and this improves imaging in the venous phase.

Gadolinium-based agents are much more expensive than iodinated contrast, therefore their use 
is almost exclusively reserved for MRI and the occasional patient who needs a limited volume of 
contrast and has a genuine reason to avoid iodinated contrast, e.g. severe contrast reaction.

It is now recognized that gadolinium poses particular risks in patients with renal 
impairment. Gadolinium-based agents are nephrotoxic in their own right, especially when 
doses greater than 40 mL are used in MRA.

Nephrogenic systemic fibrosis (NSF)

NSF only occurs in the presence of impaired renal function. The following groups are most 
vulnerable:

• Patients with acute or chronic kidney disease. NSF has not been described in patients with 
GFR >60 mL/min per 1.7 m2. This limits the utility of gadolinium-based agents for MRA 
and conventional angiography in patients with renal impairment

• Patients in the immediate postoperative period following liver transplant
• Neonates and infants
• Pregnant or breastfeeding women.

When a patient is deemed to be at high risk, there should be careful consideration whether 
an alternative test would be safer.

Tip: If the patient requires angiography and you have a modern MR scanner, consider 
performing non-contrast MRA.

Those who require gadolinium contrast should be given the lowest diagnostic dose and a 
low-risk agent, e.g. a macrocyclic agent, such as gadoterate meglumine (Dotarem) should be 
used. Ideally, no further study should be performed within 7 days.

Alarm: Informed consent should be obtained from high-risk patients requiring 
gadolinium-based contrast.

Negative contrast agents –  
carbon dioxide (CO2)

Carbon dioxide angiography is exclusively performed as subtraction angiography (DSA) and 
additional software may be necessary to optimize the image. CO2 dissolves rapidly in blood 
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and is excreted through the lungs. Consider using CO2 when there is a contraindication to 
conventional iodinated contrast and in a few circumstances where CO2 is a superior contrast 
agent.

Carbon dioxide is most commonly used for the following reasons:

• History of severe reaction to iodinated contrast
• Renoprotection
• Where there is another advantage, such as the use of CO2 for wedged hepatic venography.

Alarm: There is a risk of cerebral toxicity with CO2 and for this reason it should never be 
used intra-arterially above the diaphragm or intravenously in patients with right-to-left 
shunts.

Equipment
• Basic angiography set
• Medical-grade CO2 from a disposable cylinder:

– Reusable cylinders may be contaminated with water or rust particles; hence the need 
for a disposable system. The bacterial filter is a further safeguard. In an ideal world, one 
would use disposable stainless steel cylinders.

• Standard bacterial filter (from a blood-giving set)
• High-pressure connector
• Three-way tap
• Lockable stopcock for each syringe
• Sixty-mL Luer lock syringes.

The circuit is set up as shown in Figure 3.1.

Alarm: The pressurized CO2 must never be connected directly to the patient, as this 
risks inadvertent injection of a large volume of gas that may cause a ‘vapour lock’.

Injecting CO2

You can inject by hand or via a dedicated pump. CO2 gas has very low viscosity and so is very 
readily injected even through small catheters. Injecting a colourless, odourless and invisible 

Fig. 3.1 ■ Preparation of CO2 for hand 
injection. 
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	Removal of the dilator:
	Sheath flushing:
	Passing a wire into the sheath:
	Troubleshooting
	The wire will not advance into the sheath
	The sheath will not aspirate/flush
	The tip of the sheath is abutting the vessel wall, embedded in an occlusion or wedged in a small vessel:
	There is a kink:
	There is a blood clot in the sheath:



	Peel away sheath
	Purpose
	Description
	Measurements


	Know what to ask for
	Know how to use it
	Preparation for use:
	Insertion:
	Removal of the dilator
	To safely remove the dilator:
	Inserting devices through the sheath:
	Splitting the sheath:


	Guide-catheters
	Purpose
	Description
	Measurements
	Outer diameter (French):
	Inner diameter (inch):
	Length (cm):
	Shape:



	Know what to ask for
	The intended destination
	What you intend to pass through it

	Know how to use it
	Introducer guides
	Purpose
	Description
	Measurements


	Know how to use it
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	15 Essential equipment: Taps, hubs and connectors
	Taps
	Purpose
	Description
	Two-way taps
	Three-way taps
	Measurements
	Fitting
	Pressure


	Know what to ask for
	Know how to use it

	Haemostatic seals
	Purpose
	Description
	Haemostatic hubs
	Measurements
	Fitting
	Size


	Know what to ask for
	Know how to use it
	Introducing and removing catheters and wires
	Injecting contrast and flush

	Tuohy–Borst adaptors
	Measurements
	Fitting
	Size


	Know how to use it
	Preparation for use
	Introducing and removing catheters and wires


	Connectors
	Purpose
	Description
	High-pressure connectors
	Low-pressure connectors
	Measurements

	Know how to use it
	Radiation protection
	Dead space
	Dead weight
	Pin-vice
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	16 Essential equipment: Pump injectors
	Purpose
	Description
	Know what to ask for
	Really when to ask for it

	Know how to use it


	Chapter 17
	17 Essential equipment: Snares
	Purpose
	Description
	Simple single-loop lasso design
	Measurements
	Delivery catheter
	Snare


	Multi-loop design
	Measurements
	Delivery catheter
	Snare working diameter



	Know what to ask for
	Conventional lasso snares
	Multi-loop snares

	Know how to use it
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	18 Essential equipment: Angioplasty balloons
	Purpose of equipment
	Description
	Over the wire balloons
	Monorail – rapid exchange
	Measurements
	Catheter dimensions
	Catheter size (French, Fr)
	Catheter length (cm)
	Catheter lumen (gauge)

	Balloon dimensions
	Balloon rated diameter (mm)
	Balloon length (cm)
	Balloon rated inflation pressure (atmospheres)
	Balloon maximum rated pressure (atmospheres)
	A note on dilating force




	Know what to ask for
	Know how to use it
	Preparing the balloon
	Getting the balloon to the target
	Conventional over-the-wire balloons
	Monorail systems

	Balloon inflation
	Balloon deflation
	Before removing the balloon
	To retrieve the balloon
	Removing the balloon through the sheath



	Chapter 19
	19 Essential equipment: Inflation handles
	Purpose
	Description
	Measurements

	Know what to ask for
	Know how to use it
	Inflation
	Deflation
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	20 Essential equipment: Stents
	Purpose
	Description
	Balloon-expandable stents
	Self-expanding stents
	Stent construction
	Material
	Nitinol
	What about patients with nickel allergy?

	Structure
	Measurements
	Stent dimensions
	Stent diameter (mm)
	Stent length (cm)

	Catheter dimensions
	Catheter size (French, Fr)
	Catheter length (cm)
	Catheter lumen (gauge)



	Know what to ask for
	Do I need a strong stent?
	Is precise positioning essential?
	Will there be challenges reaching the target site?
	Trackability
	Flexibility
	Crossing profile

	Is the target site of uniform diameter?
	Is the target site straight or tortuous?
	Is there a risk of stent compression post-deployment?
	Will imaging be required in the future?
	What about drug-eluting and bioabsorbable stents?

	Know how to use it
	Balloon-mounted stents
	Self-expanding stents
	Contemporary pusher and sheath systems
	‘Trigger’ and ‘screw’ systems

	Markers
	A note on the Wallstent
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	21 Essential equipment: Stent grafts and covered stents
	Purpose
	Vascular
	Non-vascular

	Description
	Stent graft terminology
	Straight
	Tapered
	Bifurcated
	Fenestrated
	Branched

	Construction
	Measurements

	Know what to ask for
	Spontaneous and iatrogenic arterial rupture
	Three devices to ‘get out of jail free’

	Planned elective repair of aneurysmal disease
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	22 Essential equipment: Inferior vena caval filters
	Purpose
	Description
	Measurements
	Filter
	Orientation
	Diameter (mm)
	Length (mm)

	Delivery system
	Diameter (French size)
	Length (cm)
	Guidewire size (inches)



	Know what to ask for
	Diameter of the IVC
	Permanent or retrievable?
	Retrievable filters
	Permanent filters

	Which approach?

	Know how to use it


	Chapter 23
	23 Essential equipment: Embolization
	Essential equipment
	Coils and plugs
	Purpose
	Action
	Units of measurement
	Diameter of the coil wire
	Unconstrained length
	Diameter of the formed coil

	Know what to ask for
	Know how to use it
	Position the catheter
	Introducing coils into the catheter
	Pushing the coils – standard 0.035 coil
	Pushing the coils – 0.018 coil
	Extruding coils
	Completion angiography


	Vascular plugs
	Purpose
	Action
	Know what to ask for
	Know how to use it
	Assess the target
	Suitability
	Access
	Deployment
	Check angiogram



	Particulate embolic agents
	Spheres and beads
	Purpose
	Action
	Units of measurement
	Know what to ask for
	Know how to use it


	Liquid embolic agents
	Sclerosants
	Absolute alcohol
	Purpose
	Action
	Units of measurement
	Know what to ask for
	Know how to use it

	Sodium tetradecyl sulphate (STS)
	Purpose
	Action
	Units of measurement
	Know what to ask for
	Know how to use it


	Glue
	Purpose
	Action
	Units of measurement
	Know what to ask for
	Know how to use it

	Onyx
	Purpose
	Action
	Units of measurement
	Know what to ask for
	Know how to use it


	Temporary embolic agents
	Gelfoam
	Purpose
	Action
	Know what to ask for
	Know how to use it
	Gelfoam pledgets
	Using Gelfoam pledgets
	Gelfoam torpedoes
	Using Gelfoam torpedoes



	Autologous blood clot
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	24 Essential equipment: Drainage catheters
	Purpose
	Description
	Measurements

	Know what to ask for
	Know how to use it
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	25 Essential equipment: Ureteric stents
	Purpose
	Description
	Measurements

	Know what to ask for
	Know how to use it
	Access
	Insertion
	Positioning
	Deployment
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	26 Principles of imaging guidance for intervention
	Ultrasound guidance
	Sterility
	Directing punctures

	Computed tomography guidance
	Patient positioning

	Fluoroscopic guidance


	Chapter 27
	27 Principles of good fluoroscopy and radiation protection
	Fluoroscopy
	Fluoroscopy or screening
	Image quality
	Continuous fluoroscopy (high dose)
	Pulsed fluoroscopy (lower dose)

	Collimation/image area
	Image intensifier position
	Your position and standard radiation protection
	Consider additional protection as long as they do not impair you

	Store key images for reference
	Last image hold


	A guide to good fluoroscopy
	Radiation protection is so important here is a guide to good fluoroscopy
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	28 Principles of vascular access
	Arterial puncture
	Fluoroscopic guidance
	Passage of the guidewire
	Troubleshooting
	The wire will not advance beyond the needle tip
	Still no progress?
	Try another wire

	The wire stops after a short distance

	Introduction of a dilator, sheath or catheter
	Commonly used arterial puncture sites
	Common femoral artery
	Antegrade puncture
	Alternative arterial access
	Popliteal artery (Fig. 28.9)
	Superficial femoral artery

	Arm approaches
	Brachial artery (Fig. 28.10)


	Esoteric arterial access sites
	Radial artery
	Pedal arteries
	Translumbar aortic puncture
	Axillary artery


	Venous puncture
	Ultrasound-guided vein puncture
	Commonly used venous access sites
	Common femoral vein
	Internal jugular vein
	Ultrasound-guided jugular vein puncture
	Subclavian vein and axillary vein
	‘Blind’ central vein puncture
	Median cubital vein
	Cephalic vein

	Esoteric venous access sites
	External jugular veins
	Anterior jugular veins
	Inferior vena cava
	Hepatic vein
	Portal vein
	Renal vein
	Collateral veins




	Chapter 29
	29 Principles of diagnostic angiography
	Digital subtraction angiography: basic principles
	Digital subtraction angiography techniques
	Multi-position DSA (MPDSA)
	Stepping table DSA
	Rotational angiography and angiographic CT

	Reaching the target: catheter guidance
	Roadmap (non-subtracted fluoroscopy)
	Roadmap (subtracted fluoroscopy)

	Dose reduction
	Archives and imaging
	Pixel shifting
	Masking



	Chapter 30
	30 Principles of using catheters and wires
	Advancing the guidewire
	Troubleshooting
	The wire does not go where you expect it to


	Advancing a catheter over a guidewire
	Troubleshooting
	The catheter sticks on the wire before it reaches the sheath
	The catheter does not advance once it is in the patient
	Maintaining your position


	Catheter and guidewires: advanced techniques
	Through-and-through wire (body flossing)
	Buddy wire

	Catheters
	Flushing and aspirating catheters
	Double-flush technique
	Single-flush technique
	Troubleshooting

	Selective catheterization: keys to success
	Choosing your weapon
	Approximate positioning
	Catheter manipulation

	Reverse curve catheters
	Forming a sidewinder shape catheter
	Using the sidewinder


	Catheter–guidewire interaction
	Coaxial systems
	Microcatheters
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	31 Principles of crossing stenoses and occlusions
	Crossing stenoses
	Key steps
	Once you have crossed the lesion
	Troubleshooting
	The wire crosses the lesion but the catheter will not follow


	Crossing occlusions
	Key steps
	Troubleshooting
	Dissection
	Perforation

	Escalation
	If you have not made any headway
	Subintimal angioplasty
	‘Sharp recanalization’




	Chapter 32
	32 Principles of angioplasty
	Equipment
	Key steps
	Step 1: Position the balloon
	Troubleshooting
	Balloon will not cross the lesion


	Step 2: Inflate the balloon
	Troubleshooting
	The balloon migrates during inflation
	The balloon bursts during inflation
	The stenosis will not dilate with the standard balloon


	Step 3: Deflate the balloon
	Troubleshooting

	Step 4: Remove the balloon
	Troubleshooting

	Step 5: Completion imaging

	Assessing the angioplasty site
	Residual stenosis
	Elastic recoil
	Dissection
	Venous filling
	Extravasation

	Assessing the distal vessels
	Distal embolization

	General complications of arterial angioplasty


	Chapter 33
	33 Principles of stenting and stent-grafting
	Equipment
	Key steps in stenting
	Position the stent
	Troubleshooting
	Stent will not cross the lesion
	The stent comes off the balloon
	If the stent has come off the balloon and is missing in action


	Deploying the stent
	Troubleshooting
	The stent starts to move off the target


	Completion imaging
	Troubleshooting
	The stent diameter is too small
	Balloon-deployed stent
	Self-expanding stent



	Covered stents
	To manage strictures
	To manage leaks
	To manage aneurysmal disease

	Stent-grafting for aneurysmal disease: basic rules
	Computed tomography with multiplanar reformats
	Magnetic resonance imaging (MRI)
	Ultrasound
	Calibrated angiography
	Access
	Diseased puncture site
	Too narrow
	Tortuous vessels

	Solutions
	Anchorage sites
	Contraindications
	Solutions

	Alternative/adequate branch vessels
	Contraindications
	Solutions




	Chapter 34
	34 Principles of pressure measurement

	Chapter 35
	35 Principles of embolization
	General principles
	Level to block

	Which embolic agent?
	Key steps for safe embolization
	Troubleshooting
	Unable to obtain a selective or stable catheter position
	Go back to basic principles

	Problems with coils
	The delivery catheter is pushed back during coil deployment
	A coil is misplaced
	A coil jams in the delivery catheter

	Problems with particles
	The catheter occludes

	Problems with liquid agents

	Complications
	Post-embolization syndrome
	Non-target embolization
	Abscess formation
	Tissue necrosis



	Chapter 36
	36 Principles of rendezvous and retrieval procedures
	The toolkit
	Clinical scenarios
	Removal of foreign bodies
	Catheter and guidewire fragments


	Key steps in retrieval procedures
	Embolization coils
	Stents
	Bullets and exciting projectiles
	Repositioning central venous lines
	Rendezvous, pull-through technique or ‘body flossing’



	Chapter 37
	37 Principles of vascular closure and haemostasis
	Manual haemostasis: how to prevent haemorrhage and haematoma
	Key steps in haemostasis
	Special circumstances
	Children

	Bedrest post-angiography
	Troubleshooting
	Bleeding has not stopped when you check after 5 min
	The bleeding does not stop – there is a range of escalation here
	The groin is okay but the BP is dropping
	A large haematoma develops
	I cannot stop the bleeding no matter how hard I press


	Arterial closure devices
	Passive devices
	Active devices
	Suture-mediated closure devices
	Vessel assessment
	Introducing the catheter
	Deploying the suture
	Tying the knot

	External plugs
	Temporary balloons,
	Collagen plug and anchor

	Nitinol clip


	Complications of manual haemostasis and vascular closure


	Chapter 38
	38 Achieving tissue diagnosis
	Pre-procedure
	The patient
	Contraindications
	Vascular lesion
	Obstructed system
	Uncooperative patient
	Diagnosis irrelevant to management

	Which specimen – cytology or histology
	Fine-needle aspiration biopsy
	Cutting needle biopsy


	Biopsy – specific sites
	Liver
	Plugged liver biopsy
	Equipment
	Procedure:

	Transjugular liver biopsy
	Anatomy:
	Equipment
	Procedure:
	Access:
	Catheterization:
	Imaging:
	Biopsy:


	Kidney
	Adrenal glands
	Pancreas
	Retroperitoneum
	Pelvis

	Aftercare
	Sample proforma for patient aftercare

	Complications
	Bleeding:
	Perforation of a hollow viscus:
	Pneumothorax:
	Fistula:
	Infection:
	Tumour seeding of the biopsy tract:
	Death:



	Chapter 39
	39 Treating fluid collections and abscesses
	Pre-procedure planning
	Selecting collections to drain
	Evidence of an infected collection
	Preparation
	Selecting image guidance
	Diagnostic aspiration
	Drainage
	Equipment
	Drainage catheter:

	Procedure


	Specific sites
	Subphrenic abscess
	Upper abdominal solid organ abscesses
	Pericolic abscess
	Pelvic collections
	Pancreas

	Aftercare
	Troubleshooting
	The drainage catheter will not advance into the collection
	The collection is loculated and does not drain freely
	The catheter drains initially but then stops
	Fever does not settle after 48 h
	There is a sudden increase in drainage or a change in the composition of the effluent

	Complications
	Acute sepsis:
	Bleeding:
	‘Oops I’ve accidentally kebabed the …’:



	Chapter 40
	40 Treating urogenital vascular conditions
	Uterine artery embolization
	Indications for treatment
	Assessment
	Suitability for uterine artery embolization
	Consent issues
	Equipment
	Procedure
	Analgesia:
	Technique:


	Aftercare
	Outcomes

	Testicular vein embolization
	Indications
	Anatomy:

	Consent issues
	Equipment
	Approach:

	Procedure
	Troubleshooting
	No reflux is seen:
	The spermatic vein goes into spasm:



	Ovarian vein embolization
	Indications
	Consent issues
	Procedure
	Outcomes
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	41 Treating urological conditions
	Nephrostomy
	Equipment
	Procedure
	Target zone:
	Ultrasound-guided puncture:
	Achieving drainage:

	Troubleshooting
	Difficult visualization:
	Aspiration of urine but cannot advance guidewire:
	Wire passes into the renal pelvis or an upper pole calyx:
	Unable to advance dilators/drainage catheter:
	The guidewire has kinked:
	Nephrostomy when the pelvicalyceal system is not dilated:

	Transplant nephrostomy
	Nephrostomy exchange
	Troubleshooting
	The wire gets stuck half way down the existing catheter:
	The catheter is completely blocked:
	I’ve lost access completely (aka my assistant lost access completely):



	Antegrade ureteric stent
	Indications
	Equipment
	Procedure
	Troubleshooting
	Unable to negotiate the stricture with a guidewire:
	Unable to advance the catheter through the stricture:
	Unable to advance the stent through the stricture:
	The pusher becomes impacted in the stent:
	The retraction sutures are entangled with the stent:

	Complications of nephrostomy and antegrade ureteric stent
	Disruption of the renal pelvis/extravasation of contrast:
	Bleeding:
	Inadvertent puncture of adjacent structures:


	Percutaneous nephrolithotomy
	Accessing the system:
	Dilating the tract:
	Removing the stone:
	Which tube to leave behind?
	Complications



	Chapter 42
	42 Treating gastrointestinal conditions
	Nasogastric/nasojejunal tubes
	Oesophageal stent
	Equipment
	Procedure
	Aftercare
	Retrievable stents
	Outcomes
	Troubleshooting
	The stent migrates through the cardia:
	The stent occludes:
	The lesion is high in the oesophagus:
	The patient develops chest pain post-deployment:



	Oesophageal fistulae and perforations
	Percutaneous fluoroscopic gastrostomy
	Equipment
	Percutaneous gastrojejunostomy:
	T-fasteners explained:
	How to use T-fasteners/anchors:


	Push technique
	Percutaneous gastrojejunostomy:

	Pull technique
	Aftercare
	Troubleshooting
	Unable to pass a nasogastric tube:
	Difficult access:
	Difficulty getting the catheter through the gastric wall:
	Difficulty accessing the oesophagus retrogradely during a PIG procedure:
	Access is lost after tract dilation:
	The gastrostomy tube falls out after insertion:

	Complications

	Direct percutaneous jejunostomy

	Gastric outlet and duodenal stents
	Colorectal stent placement
	Equipment
	Technique
	Outcomes
	Troubleshooting
	Cannot negotiate the stricture:
	‘Oops, I’ve perforated the bowel …’:
	The stent has migrated:
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	43 Treating biliary obstruction
	Percutaneous transhepatic cholangiography
	Equipment
	Procedure
	Planning your approach:

	Right-sided punctures
	Blind right-sided punctures:

	Left-sided punctures
	Interpretation
	Troubleshooting
	Ascites:
	You do not hit a bile duct at the first attempt:
	Contrast extravasate from the bile duct:
	The left ducts do not fill:
	Extensive intraluminal filling defects are seen:
	The patient has a rigor on the table:


	Percutaneous biliary drainage
	Equipment
	Procedure
	Which drainage catheter
	Straight drain:
	Pigtail drain:
	Internal/external drain:

	Troubleshooting
	Guidewire or catheter reluctant to advance:
	Initial cholangiogram fades:
	Unable to cross the lesion with the guidewire:
	Unable to cross the lesion with the catheter:
	Unable to cross the lesion with the drain or stent:
	Biliary bleeding:
	Drainage stops:

	Biliary stenting
	Plastic stents
	Metal stents


	Percutaneous gallbladder drainage
	Equipment
	Procedure

	Roux loop access
	Equipment
	Procedure
	Access:
	Catheterization:




	Chapter 44
	44 Treating cancer
	Treating tumours
	Understanding ablative techniques
	Imaging guidance for ablation
	Size of lesion:
	Contrast enhancement:

	Radiofrequency ablation
	General principles of RFA

	Microwave ablation
	Cryotherapy
	Irreversible electroporation
	Procedure
	Adjunctive techniques
	Minimizing collateral damage:
	Improving access:
	Intentional pneumothorax:

	Pitfalls and limitations
	Complications
	Complications of electrode placement
	Complications of thermal therapy
	Organ-specific complications

	Implants
	Electronic devices:
	Metal implants



	Liver tumours
	Primary hepatocellular tumours
	Hepatic metastases
	Bland embolization
	Transarterial chemoembolization
	Equipment
	Procedure
	Aftercare
	Complications
	Follow-up

	Radioembolization
	Portal vein embolization
	Equipment
	Procedure
	Aftercare
	Follow-up

	Hepatic ablation

	Renal tumours
	Renal embolization
	Renal cell carcinoma:
	Renal angiomyolipoma (AML):

	Renal ablation

	Thoracic system
	Bronchial stent
	Preparation
	Technique
	Complications

	Superior vena cava obstruction
	Assessing SVCO
	Treatment of SVCO
	Uncomplicated stenosis or occlusion:
	SVCO complicated by thrombosis:

	Equipment
	Procedure
	Access:
	Catheterization:
	Runs:

	Technique
	Complications
	Outcomes
	Troubleshooting
	Poor flow or extensive collateral filling:
	Both brachiocephalic veins are involved:
	There is a large discrepancy in size between the venous segments to be stented:
	The patient becomes hypoxic or hypotensive:


	Inferior vena cava obstruction
	Percutaneous lung tumour ablation

	Bone tumours
	Cementoplasty
	Equipment
	Procedure
	Complications
	Outcomes

	Vertebroplasty
	Procedure
	Complications
	Outcomes

	Embolization of bone tumours
	Malignant disease:
	Benign disease:
	Equipment
	Procedure
	Complications
	Outcomes




	Chapter 45
	45 Achieving angiographic diagnosis
	Diagnostic digital subtraction angiography
	Lower limb arterial diagnosis
	Equipment
	Procedure
	Access:
	Catheterization:
	Runs:
	Supplemental views:
	Iliac obliques
	Profunda oblique
	Focal stenoses
	Lateral foot views


	Troubleshooting

	Arterial bypass graft imaging
	Arterial bypass graft DSA
	Equipment
	Procedure
	Access:
	Catheterization:
	Runs:

	Troubleshooting
	Difficulty inserting the sheath:
	Difficulty catheterizing the graft origin
	Difficulty visualizing the graft origin



	Upper limb arterial diagnosis
	Equipment
	Procedure
	Access:
	Catheterization:
	Runs:

	Interpretation
	Troubleshooting
	Unable to catheterize an arch vessel
	Poor visualization of the distal vessels


	Aortic arch arterial diagnosis
	Equipment
	Procedure
	Catheterization:
	Runs:

	Interpretation

	Renal arterial imaging
	Renal artery DSA
	Equipment
	Procedure
	Access:
	Catheterization:
	Runs:
	Flush aortogram
	Selective angiography:


	Troubleshooting
	Only one kidney seen:
	Unable to profile the renal artery ostia:
	Imaging potential live renal donors:



	Renal transplant artery imaging
	Renal transplant artery DSA
	Equipment
	Procedure
	Access:
	Catheterization:
	Runs:

	Interpretation
	Troubleshooting
	The transplant artery is tortuous or overlapped by other vessels:



	Hepatic artery imaging
	Hepatic artery DSA
	Equipment
	Procedure
	Access:
	Catheterization:
	Runs:

	Troubleshooting
	Unable to pass a guidewire into the hepatic artery:
	Unable to selectively catheterize the hepatic artery:
	Spasm in the hepatic artery



	Mesenteric arterial imaging
	Mesenteric DSA
	Equipment
	Procedure
	Access:
	Catheterization:
	Start with the right tool:

	Runs:



	Gastrointestinal bleeding
	Mesenteric ischaemia
	Mesenteric ischaemia imaging:
	Mesenteric ischaemia DSA
	Approach:
	Catheterization:
	Troubleshooting
	A vessel is seen on the anteroposterior (AP) arteriogram but cannot be identified on the lateral aortogram:
	A smooth impression is seen on the superior aspect of the coeliac axis:
	Mesenteric aneurysm:



	Pulmonary vascular imaging
	Bronchial artery imaging
	Bronchial artery anatomy:
	Bronchial artery anastomoses:
	Bronchial artery DSA
	Equipment
	Procedure
	Access:
	Catheterization:
	Runs:
	What to look for:


	Troubleshooting
	Unable to see bronchial arteries:
	Unable to catheterize the bronchial arteries:



	Pulmonary artery imaging
	Pulmonary artery DSA
	Equipment
	Procedure
	Troubleshooting
	Failure to catheterize the pulmonary artery:
	Pulsatile injection with poor peripheral pulmonary artery filling despite 40 mL at 20 mL/s:
	Breathless patient and poor DSA images:

	Complications


	Carotid and vertebral arterial imaging
	Equipment
	Procedure
	Consent:
	Access:
	Catheterization:
	Arch aortogram:
	Carotid and vertebral artery catheterization:
	Runs:

	Troubleshooting
	Catheter ‘jumps’ around the aortic arch:
	Unable to catheterize an arch vessel:
	Unable to advance catheter into arch vessel:
	The external carotid artery superimposes on the internal carotid artery
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	Basic principles
	Indications
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	Procedure planning
	Access:
	Equipment:
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	Complications
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	Complications

	Common femoral artery
	Indications for treatment
	Approach
	Procedure
	Outcomes
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	Approach
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	Procedure
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	Runs
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	Procedure
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	Indications for treatment
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