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Foreword

IR has grown over the last forty years from a small cadre of enthusiasts who were 
on the outside of mainstream medicine to the current situation where IR is now an 
essential part of modern healthcare delivery. For any specialty, teaching the next 
generation of doctors is vitally important. It has been shown that medical students 
are much more likely to choose a career in a specialty if they have been taught or 
mentored by doctors within that specialty. As interventional radiology comes of 
age, dedicated IR teaching is a must for all medical schools so that qualified doctors 
are familiar with the scope of IR and can refer appropriately. This is even more 
important in the current era because of the rapid growth in the breadth and depth of 
IR procedures, which are used to treat a diverse group of diseases and conditions.

This book covers the main topics of interventional radiology in a case-based 
format for optimal learning and retention. Biopsy and drainage, angioplasty and 
stenting, embolisation, musculoskeletal IR and neuro intervention, including stroke 
thrombectomy, are all covered. The book has been edited and written by IR experts 
who have delivered the IR teaching programme at Beaumont Hospital over a num-
ber of years. It is our hope that this book will familiarize medical students, general 
practitioners and other interested parties with the dynamic specialty of IR and what 
IR can contribute to patient care.

We hope that you enjoy the book and through reading this book you will gain an 
understanding of modern IR practice and where it fits in hospital practice.

Dublin Ireland  Michael Lee
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Preface

Interventional radiology or “IR” has been practiced since 1954 when a Swedish 
radiologist called Sven Seldinger devised a system to puncture the femoral artery 
and gain access with a catheter to perform diagnostic angiography. This simple 
invention provided safe access to the arterial system and diagnostic radiology 
morphed into interventional radiology. IR has grown and matured since its incep-
tion, and in the last twenty years has become a vitally important part of patient care. 
In fact, for many diseases, one cannot receive appropriate care without using IR 
services.

As IR moves to becoming a specialty in its own right, it is important that IR take 
up its teaching duties and teaches the next generation of doctors. We decided to 
write this book because of the enthusiastic reception of IR teaching by medical 
students attached to RCSI (Royal College of Surgeons in Ireland) medical schools 
in Dublin, Bahrain and Malaysia. We have been teaching IR to our medical students 
in a dedicated curriculum for the past four years and this book is based on that expe-
rience. The book is in a case-based format, which we believe enhances the learning 
experience for medical students. All of the important topics in modern IR are 
covered.

As IR grows and attains specialist status in its own right we hope that IR teaching 
in medical schools will become the norm rather than the exception.

Dublin Ireland Michael Lee
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1Introduction to Interventional Radiology

Mark Sheehan and Michael Lee

1.1  Introduction

• The field of medicine is constantly changing, evolving and outcomes for patients 
are improving with the increasing use of minimally invasive surgical techniques. 
Interventional Radiology (IR) or image guided minimally invasive surgery has 
demonstrated enormous innovation over the last 20 years and has developed 
multiple new minimally invasive alternatives to traditional surgical procedures.

• IR is now a must in all reasonably sized hospitals to ensure optimal patient care.
• The competent medical student needs to know:

 – The basic principles of IR.
 – The role of IR within clinical practice.
 – Image guidance techniques used in IR.
 – Consent and patient preparation for IR procedures.
 – Importance of radiation protection.

1.2  History of Interventional Radiology

• Since the Seldinger technique was first developed in 1953 by a Swedish radiolo-
gist of the same name, IR has made significant advancement. Some of the com-
mon procedural terms used in IR are listed below:
 – Angioplasty (opening an artery, vein or other tubular structure with a 

balloon),

mailto:marksheehan@rcsi.ie
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 – Stent placement (using a stent in an artery, vein or tubular structure to support 
angioplasty)

 – Biopsy and Drainage - using image guidance to obtain a tissue or fluid sample 
to aid diagnosis or drain an abscess, obstructed biliary system (biliary drain-
age) or obstructed renal (nephrostomy) system

 – Embolisation (blocking an artery that is bleeding, delivering payload to an 
artery supplying a tumor)

 – Tumor ablation or Interventional Oncology (ablating or destroying tumours 
by using thermal energy).

• Charles Theodore Dotter, also known as the “Father of interventional radiology” 
performed the first angioplasty in 1964. Dr. Dotter later went on to receive a 
Nobel prize nomination in 1978 for the development of this procedure.

• In 1966 the first embolisation techniques were pioneered to treat tumours and 
spinal cord vascular malformations.

• In the 1970s embolisation of the arteries supplying the gastrointestinal (GI) tract 
was used to treat massive GI bleeds.

• In the 1980s, Transjugular Intrahepatic Portosystemic shunt (TIPS) was first 
used to treat life threatening variceal bleeding in patients with portal 
hypertension.

• In the early 90s, Endovascular aneurysm repair (EVAR) was first used to treat 
abdominal aortic aneurysms (AAA) and is now the preferred treatment for elec-
tive AAA repair.

• In the late 90s, the use of radiofrequency ablation for the treatment of varicose 
veins first began and its use is now widespread.

• The training of Interventional Radiologists has also evolved greatly over this 
time. Typically an IR trainee undertakes 3–4 years of basic Radiology training 
followed by at least two higher training (also known as Fellowship) years in IR.

• Training follows a national or supranational curriculum such as the CIRSE 
(Cardiovascular and Interventional Radiology Society of Europe) curriculum 
where trainees are expected to gain competency in the imaging, technical and 
clinical aspects of IR and patient management.

• Assessment of competency of IR training is now available in most jurisdictions 
through the European Board of Interventional Radiology (EBIR) in Europe, 
Australia and New Zealand, the Certificate of Added Qualification in Vascular & 
Interventional Radiology (CAQ in VIR) exam in the USA and examinations or 
continuous appraisal in other countries.

1.3  Patient Preparation and Safety Checklist

• Patient preparation for IR procedures is similar to patient preparation for surgical 
procedures.

• Informed consent must be obtained form all patients, preferably form the doctor 
performing the procedure or a delegate with suitable knowledge of IR.

M. Sheehan and M. Lee
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• Routine blood investigations such as a full blood count, renal profile and a coag-
ulation screen are usually required for most procedures.

• Occasionally and subject to local guidelines, blood investigations may not be 
required for some simple procedures such as superficial biopsies or venous pro-
cedures where haemostasis is easily achieved by local compression.

• The awareness of iodinated contrast material (CM) allergy is crucial before any 
proposed procedure where CM is used (endovascular procedures).

• A safety checklist (Fig. 1.1) has been developed and is now in routine use to 
ensure patient safety.

1.4  IR Practice

• IRs work in Interventional suites or ‘angiographic laboratories’ with the sup-
port of dedicated specialist nursing staff and radiographers or technologists 
(Fig. 1.2).

• These procedure suites are designed like operating theatres and most contempo-
rary rooms have a clean air designation to improve procedure sterility.

• Many IRs also now lead a clinical service where they see patients in outpatient 
clinics, admit patients for many procedures and perform ward rounds on patients 
post-procedure. Collaboration and teamwork with referring clinicians and disci-
plines are essential.

Fig. 1.1 Typical patient safety checklist used in IR which includes a pre-procedure checklist, time 
out and post procedure checklist

1 Introduction to Interventional Radiology
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Suggested Reading

 1. European Board of Interventional Radiology. www.cirse.org.
 2. IR curriculum and syllabus. www.cirse.org.
 3. Patient safety checklist. www.cirse.org.

Fig. 1.2 Example of a 
percutaneous nephrostomy 
procedure being performed 
in an Interventional 
Radiology suite. A C-arm, 
B Monitor displaying live 
images, C Bed/ Patient,  
D Sterile trolley and IR 
equipment, E 
Interventional Radiologist, 
F Scrub Nurse, G 
Radiation protection screen

Key Points
• IR is a relatively new minimally invasive, image-guided specialty that has 

grown from Radiology.
• IR is often termed “Pinhole Surgery”
• IR is mandatory for modern healthcare delivery.
• IRs train in diagnostic and interventional radiology with some years of 

clinical practice also desirable.

M. Sheehan and M. Lee
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2Principles, Signs and Symptoms 
of Peripheral Vascular Disease

Mark Sheehan, Hong Kuan Kok, and Michael Lee

2.1  Introduction

• Peripheral arterial disease (PAD) includes a group of conditions of different aeti-
ologies which can affect the vessels of the upper and lower limb. PAD is most 
commonly used to describe atherosclerotic disease of the lower extremity 
arteries.

• PAD can be divided into acute and chronic presentations; the principal pathology 
being a compromised supply of oxygenated blood to the extremities leading to 
tissue ischaemia and necrosis if severe.

2.2  Risk Factors

• Smoking
• Hyperlipidemia
• Hypertension
• Age
• Diabetes Mellitus
• Male
• Family history
• Homocysteinemia

mailto:marksheehan@rcsi.ie
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2.3  Chronic Lower Limb PAD

2.3.1  Symptoms

• The symptoms of PAD depend on the extent of arterial stenosis or occlusion and 
the presence or absence of collateral supply to the ischaemic limb.

• PAD is often classified into three categories, each indicating progressively more 
severe disease – intermittent claudication, rest pain and critical limb ischaemia.

• The Rutherford and Fontaine classifications are used to grade the symptoms of PAD:

Rutherford Fontaine

Stage Clinical Stage Clinical

0 Asymptomatic I Asymptomatic

1 Mild claudication IIa Mild claudication

2 Moderate claudication IIb Moderate to Severe claudication

3 Severe claudication III Ischaemic rest pain

4 Ischaemic rest pain IV Ulceration or gangrene

5 Minor tissue loss

6 Ulceration or gangrene

2.3.1.1  Intermittent Claudication (IC)
• Defined as cramping muscular pain that develops on physical exertion and is 

relieved by rest. This pain typically occurs because there is an imbalance between 
the arterial supply and the metabolic demands of the muscles in the lower limb. 
The distance walked to onset of symptoms is quite consistent in each individual 
and is referred to as the claudication distance.

• Age adjusted prevalence of 12%, 20% of those presenting are over 70 years.
• 25% deteriorate – 7–9% in the first year and 2–3% thereafter
• Amputation rate is 1–3.3% over a 3 year period
• 5, 10, 15 year mortality rates are 30%, 50% and 70% respectively

2.3.1.2  Rest Pain
• Severe pain that typically affects the toes and forefoot without exertion 

(Rutherford 4 or Fontaine III). Symptoms often occur at night or when patient is 
at rest with the limbs elevated due to reduced gravity perfusion.

• Patients often report relief of pain by standing or when the leg is positioned over 
the edge of the bed. This is related to the gravitational effects of dependence on 
limb blood pressure.

2.3.1.3  Critical Limb Ischaemia (CLI)
• CLI is defined as severe arterial compromise in patients with peripheral arterial 

disease, often resulting in tissue loss. It includes severe rest pain, limb ulcers or 
gangrene (Rutherford 4–6 or Fontaine III–IV).

M. Sheehan et al.
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• There is a 20% mortality at 1 year and continues at the same rate. Mortality at 
12 months is worse than many cancers.

• High risk of amputation with limb and mobility loss.
• Also associated with a high risk of cardiovascular events including myocardial 

infarction and death.

2.4  Clinical Signs

• Inspection:
 – Hair loss
 – Dystrophic skin and nail changes
 – Pallor
 – Arterial ulcers – Punched out, painful, deep, pressure points
 – Gangrene
 – Previous amputation

• Palpation (comparing both sides):
 – Cool peripheries
 – Reduced capillary refill time
 – Reduced or absent peripheral pulses: femoral, popliteal, dorsalis pedis and 

posterior tibial pulses
 – Blood pressure measurement

• Auscultation
 – Arterial bruits over the aorta, femoral, carotid arteries

• Special tests:
 – Buerger’s test: Straight leg lift causing pallor in the foot and toes of a patient 

with PAD lying in the supine position. The angle when the signs are observed 
is known as Buerger’s angle. Reactive hyperaemia is seen when the limb has 
been positioned dependently off the edge of the bed.

2.5  Investigations

• Ankle-Brachial Index (ABI): This is a non-invasive measurement of the ratio of 
systolic blood pressure in the lower limb compared to that of the upper limb. 
Interpretation of ABI results is as follows:
 – Ratio of >1.2 – Associated with calcified non compressible arteries such as 

those occurring in patients with diabetes mellitus.
 – Ratio of 0.9–1.2 – Normal
 – Ratio of 0.4–0.9 – Mild to moderate PAD
 – Ratio < 0.4 – Severe PAD, usually associated with tissue loss

• Toe Pressures: This is another non-invasive measure of arterial insufficiency. It 
is particularly useful in diabetic patients with calcified non compressible vessels 

2 Principles, Signs and Symptoms of Peripheral Vascular Disease
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and gives a more accurate representation of the arterial compromise in compari-
son to ABI measurements.

• Toe pressures <30 mmHg suggests severe PAD.
• A toe-brachial index (TBI) can also be calculated and interpreted in a similar 

manner to ABI (Fig. 2.1).
• Duplex Ultrasound: This is a non-invasive imaging study which combines the 

anatomic assessment of a blood vessel using ultrasound with the ability to assess 
blood flow using the Doppler technique.

• The extent and impact of a stenotic lesion on the flow of blood within a vessel 
can be accurately assessed.

• Duplex ultrasound does not involve ionising radiation and is a useful tool for 
both the diagnosis and follow-up of PAD.

• Disadvantages of duplex ultrasound include operator variability and a relatively 
long exam time (30–60 min) (Fig. 2.2).

• CT Angiography (CTA): Non-invasive angiographic imaging of the aorta, vis-
ceral and peripheral arteries without the need for arterial catheterisation.

Fig. 2.1 Example of a report from the non-invasive Vascular Laboratory including Doppler mea-
surements of arterial flow in the upper and lower limb arteries as well as ankle-brachial index 
(ABI) and toe pressure (TP) measurements in a patient with mild left lower extremity PAD (ABI 
0.78 and Toe pressure of 86 mmHg)

M. Sheehan et al.
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• Iodine-based contrast media is injected through a peripheral intravenous cannula 
followed by acquisition of high-resolution images with the contrast opacification 
timed to the arterial phase using a multidetector CT scanner.

• Modern CT scanners allow images to be reconstructed in multiple planes such as 
the coronal, sagittal or oblique planes to aid interpretation. Volumetric 3D recon-
structions can be performed to aid pre-procedural planning.

• The advantages of CTA is the rapid acquisition of high-resolution images (sec-
onds) and its non-invasive nature.

• Disadvantages include exposure to ionising radiation, risk of contrast induced 
nephropathy in patients with chronic renal impairment and reduced accuracy in 
the assessment of heavily calcified arteries due to ‘blooming’ artifacts (stenosis 
and occlusions may be overestimated) (Fig. 2.3).

• Magnetic resonance angiogram (MRA): Non-invasive imaging technique, which 
is similar to CTA but does not involve ionising radiation and is therefore safer.

• Image acquisition generally involves administration of a gadolinium-based con-
trast agent through a peripheral intravenous cannula followed by imaging in an 
MRI scanner, consisting of a superconducting magnet (commonly at 1.5 or 3.0 
Tesla field strength) and radiofrequency coils to obtain high-resolution images.

• However, MRA is contraindicated in patients with certain cardiac pacemakers, 
loose metal within or on the body and certain intracranial clips. Image quality is 

Fig. 2.2 Duplex ultrasound of the left superficial femoral artery demonstrating normal triphasic 
flow in the artery (arrow) consistent with patency

2 Principles, Signs and Symptoms of Peripheral Vascular Disease
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also limited by metal implants such as knee or hip prosthesis and metallic stents 
due to distortion of the magnetic field.

• Advantages of MRA include better accuracy in imaging heavily calcified 
vessels, especially the infrapopliteal arteries and avoidance of ionising 
radiation.

• Disadvantages include a long scanning time (45–60 min) compared to CTA (sec-
onds) and potential for patient claustrophobia due to the narrow bore of the MRI 
scanner. Gadolinium contrast agents may also cause nephrogenic systemic fibro-
sis in patients with severe renal impairment (Fig. 2.4).

• Invasive Angiography: Invasive angiography involves imaging the vascular 
system using a fluoroscopic x-ray machine and the injection of contrast material 
(usually iodine-based) directly into the vessel of interest following percutaneous 
access into the arterial system.

• Angiography provides information on the dynamic flow of blood as well as bet-
ter spatial and temporal resolution than non-invasive imaging techniques such as 

Fig. 2.3 Coronal CT 
angiogram reconstruction 
showing the abdominal 
aorta (large arrow), 
visceral branches and 
common iliac arteries 
(small arrows). Excreted 
iodinated contrast material 
is also present in the 
kidneys and ureters

M. Sheehan et al.
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CTA or MRA. Images can be digitally subtracted (DSA) to remove structures 
such as bone and soft tissue to allow highly accurate vascular imaging. 
 Angiography also provides superior assessment of small and heavily calcified 
vessels such as the infrapopliteal arteries.

• Disadvantages include the invasive nature of the procedure and it is therefore 
performed mostly prior to further treatment such as angioplasty and the risk of 
contrast induced nephropathy when large amounts of iodinated contrast material 
is administered. This will be discussed in further chapters (Fig. 2.5).

Fig. 2.4 MR angiogram of the peripheral 
arterial system following administration of a 
gadolinium-based contrast agent through a 
peripheral IV cannula. This example shows a 
segment of occlusion in the right superficial 
femoral artery (long arrow) but normal 
vessels below the level of occlusion. Smaller 
collateral vessels have developed to redirect 
flow beyond the occlusion (short arrow)

2 Principles, Signs and Symptoms of Peripheral Vascular Disease
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2.6  Management

The management of patients with PAD is made on an individual basis following a 
consensus decision made at a Multi-disciplinary team meeting and depends on a 
wide variety of factors including patient symptoms, patient wishes and lesion 
anatomy.

• Conservative:
 – Risk factor modification: Optimal control of risk factors such as smoking  

cessation, hypertension, glycaemia in diabetics and weight loss.
 – Exercise therapy: In many claudicants, supervised exercise therpapy can 

increase claudication distance by promoting collateralisation of vessels.
 – Pharmacological: Statins, phosphodiesterase inhibitors (e.g. pentoxifyline 

and cilostazol).
• Endovascular:

 – Percutaneous angioplasty and stenting
See following chapter.

Fig. 2.5 Catheter digital 
subtraction angiogram 
(DSA) of the pelvis 
showing the (A) distal 
abdominal aorta, (B) left 
common iliac artery,  
(C) right internal and (D) 
external iliac artery (C), 
and the right common 
femoral artery (E)

M. Sheehan et al.
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• Surgery:
 – Surgical bypass

• The segment of stenosis or occlusion is “bypassed” with a venous or syn-
thethic graft. Venous grafts are preferred due to improved patency and 
lower risk of infection.

• Examples include – Femoral to popliteal (‘fem-pop’) and femoral to distal 
bypass procedures.

• Ilio-femoral bypass procedures are performed in younger patients with 
extensive iliac occlusions. Good long term patency is observed but with a 
cost in terms of an 8% operative mortality and 15% serious morbidity.

• An “endovascular first” strategy is now increasingly used in PAD patients
 – Amputation

• Generally reserved as a last resort for CLI with severe gangrene or tissue 
loss, often with unmanageable local infection.

2.7  Acute Limb Ischaemia

• Patients with acute limb ischaemia present with acute onset symptoms which 
include pain, pallor, paresthesia, pulselessness, paralysis and perishingly cold 
limb (the six P’s).

• The aetiology of acute ischaemia is usually secondary to embolisation, thrombus 
formation or trauma (such as dissection) to the arteries.

• Embolisation is typically from a cardiac source such as thrombus in the left atrial 
appendage in patients with atrial fibrillation, a left ventricular mural thrombus fol-
lowing myocardial infarction or as a complication following a vascular procedure.

• Management:
 – Systemic anticoagulation: If the cause is secondary to thromboembolic 

pathology, systemic anticoagulation with heparin should be commenced pro-
vided that there are no contraindications.

 – Surgical embolectomy using a Fogarty balloon catheter, particularly if the 
extremity is threatened or if a large burden of thrombus is present.

 – Catheter directed thrombolysis: An intraarterial infusion catheter can be posi-
tioned within the thrombus to allow direct delivery of thrombolytic agents such 
as tissue plasminogen activator resulting in lysis of the thrombus.  Generally, the 
more acute the presentation, the more successful the result from thrombolysis.

Key Points
• In the clinical history, it is important to identify cardiovascular risk factors, 

differentiating the patterns of pain and deciding whether the patient has 
intermittent claudication, rest pain or CLI.

• Clinical examination is based on inspection, palpation, auscultation and 
the use of Buerger’s test.

2 Principles, Signs and Symptoms of Peripheral Vascular Disease
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• Investigations include non-invasive measurement of ABI or toe pressures 
as well as imaging tests such as Duplex ultrasound, CTA or MRA which 
shows the level and severity of disease and guides further management.

• Aggressive risk factor modification is required for all patients including 
smoking cessation and appropriate medical therapy.

• For claudicants, supervised exercise therapy can be attempted in patients 
with relatively long claudication distances (>100 m). Short distance clau-
dicants or those with occlusive iliac disease can be considered for further 
endovascular or surgical management following multidisciplinary 
consensus.

• For patients with critical limb ischemia, endovascular or surgical interven-
tion is required to restore in-line blood flow to the foot. This allows ulcers 
to heal and any gangrene to demarcate. Revascularisation also helps limit 
the extent of amputation (e.g. toe or transmetatarsal) and aids recovery.

M. Sheehan et al.



15© Springer International Publishing AG 2018
H.K. Kok et al. (eds.), Interventional Radiology for Medical Students, 
DOI 10.1007/978-3-319-53853-2_3

G. Kiernan  
Department of Radiology, Beaumont Hospital, Dublin, Ireland
e-mail: gary_kiernan@hotmail.com 

H.K. Kok (*)
Department of Radiology, Beaumont Hospital and Royal College of Surgeons in Ireland, 
Dublin, Ireland

3Vascular Access and Equipment 
for Endovascular Interventions

Gareth Kiernan and Hong Kuan Kok

3.1  Introduction

• The most fundamental aspect of endovascular interventional radiology is secur-
ing vascular access in a safe and effective manner.

• Once this has been achieved, a wide variety and steadily expanding range of 
equipment can be delivered as needed including introducer sheaths, guidewires, 
catheters, angioplasty balloons, stents, embolisation materials and finally, access 
site closure devices to name but a few.

3.2  Vascular Access

• Vascular access is generally achieved using a combination of manual palpation 
of the vessel of interest based on anatomical landmarks or increasingly through 
the assistance of image guidance, predominantly using ultrasound or 
fluoroscopy.

• Either the arterial or venous circulation can be accessed depending on the 
required procedure.

mailto:gary_kiernan@hotmail.com
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• Common arterial puncture sites include the common femoral, brachial, popliteal, 
pedal and radial arteries with location determined by the intervention to be per-
formed. Arterial puncture sites should ideally be performed adjacent to a bony 
structure to allow adequate compression for haemostasis.

• Common venous puncture sites include the common femoral, internal jugular, 
subclavian and peripheral veins of the upper arm (basilic, cephalic or 
brachial).

3.3  Seldinger Technique for Vascular Access

• The most common vascular access technique is the Seldinger technique named 
after the Swedish radiologist, Dr. Sven-Ivar Seldinger. Current vascular access 
techniques involve slight variations of the Seldinger method, known as the ‘mod-
ified’ Seldinger technique.

• Following localisation of the vessel to be accessed, a vascular access needle 
which has a hollow core is advanced until bleed back is achieved (Fig. 3.1a).

• A guidewire is then placed through the needle core into the vessel (Fig. 3.1b).

A

B

C

D

Fig. 3.1 Seldinger technique for vascular access. A hollow needle is used to puncture the anterior 
wall of the artery or vein (a). Through this needle, a J-shaped guidewire is inserted into the artery or 
vein and the needle removed while holding firm pressure on the access point (b). An introducer 
sheath is then inserted over the guidewire into the artery or vein (c). Through this sheath, various 
catheters, balloons or stents can be placed depending on the goal of treatment (d)

G. Kiernan and H.K. Kok
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• The needle is then removed over the guidewire and an introducer sheath or cath-
eter is inserted into the vessel over the guidewire (Fig. 3.1c).

• Vascular access is thus secured and all other endovascular equipment that is 
needed for a given procedure can be inserted into the vessel via a sheath or cath-
eter (Fig. 3.1d).

3.4  Guidewires

• Guidewires are a key element in both vascular and non-vascular interventional 
procedures including hepatobiliary, gastrointestinal and urological procedures.

• Guidewires generally consist of a soft atraumatic tip to minimise injury to the 
vessel wall during advancement. Guidewire length is measured in centimeters 
and the diameter is measured in inches (e.g. 0.014, 0.018 and 0.035 inch).

• Guidewires are available in different levels of stiffness depending on the clinical 
need, ranging from soft general purpose wires (e.g. Bentson) to very stiff wires 
used in aortic interventions (e.g. Lunderquist).

• They can be further classified into steerable and non-steerable guidewires. Non- 
steerable wires act as a support system that enable catheters and other devices to 
be ‘guided’ into position. Steerable guidewires are used to navigate tortuous, 
diseased and narrowed vasculature or to help select specific vessels. These often 
have a shaped tip or a tip that can be shaped by the operator.

• Most guidewires are composed of a stainless steel or nitinol (nickel-titanium) 
core and may contain a polymer coating which decreases friction and allows 
easier advancement.

• More specialised guidewires may be coated in specific materials such as a hydro-
philic material which becomes very slippery when wet and can navigate highly 
tortuous vessels and stenoses.

3.5  Catheters

• Catheters are hollow flexible tubes predominantly composed of polymer and are 
available in a wide variety of shapes and sizes. They are generally advanced over 
guidewires and can also be coated in specific materials including hydrophilic 
substances.

• Catheter length is measured in centimeters however the external diameter is mea-
sured in French (Fr) size, which when divided by three approximates the external 
diameter in millimeters. For example, a 6 French catheter size corresponds to 
external diameter of approximately 2 mm.

• Catheters can be broadly classified into selective and non-selective types. 
Selective catheters have specially shaped tips and a single end-hole to allow eas-
ier access to particular vessels or side branches. There are a wide selection of 
such catheters commercially available and most interventional suites will have a 
selection of commonly used shapes.

3 Vascular Access and Equipment for Endovascular Interventions
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• Specially designed catheters include microcatheters which are generally under 3 
French in size, can be passed through 5 or 6 Fr catheters and are used in navigat-
ing through very small or tortuous vessels.

• Non-selective catheters are used in larger vessels for diagnostic angiography and 
contain multiple side-holes in addition to an end-hole. Examples include the 
pigtail catheter, which is used in larger vessels. The pigtail shape prevents it from 
inadvertently entering smaller vessels where contrast injection at a high rate can 
result in vascular injury.

• In vascular interventions, catheters are used for angiography and also as delivery 
systems for therapeutic devices such as embolisation materials or drugs.

3.6  Sheaths

• Any procedure may involve the use of several devices including multiple 
guidewires and catheters. To allow for multiple device exchanges, an 
introducer sheath is generally inserted into the vessel at the start of the 
procedure.

• This consists of a hollow tube attached to a hemostatic valve which prevents 
back bleeding and blood loss during a procedure. A sheath may also have a side 
port for flushing with saline or contrast (Fig. 3.2).

• Sheath sizes are also measured using the French size but this refers to the 
inner diameter of the sheath tubing as opposed to the external diameter as 
in the case of catheters. This is because a 5 French sheath (inner diameter) 
for example, has to be able to accommodate a 5 French catheter (outer 
diameter).

Fig. 3.2 Introducer 
sheaths with haemostatic 
valves (arrows) and side 
ports for flushing

G. Kiernan and H.K. Kok
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3.7  Angioplasty Balloons

• Percutaneous transluminal angioplasty (PTA) involves using an angioplasty  
balloon to dilate a vascular stenosis or occlusion (Fig. 3.3).

• Angioplasty balloons are mounted on a catheter delivery system which is intro-
duced into the vessel over a guidewire in the same way as a standard angiography 
catheter.

• The angioplasty balloon catheter is advanced to the segment of vessel to be 
treated using fluoroscopic guidance. Subsequently, the balloon is inflated with a 
syringe or inflation device using dilute iodinated contrast material.

• Angioplasty balloons come in a variety of sizes and lengths and are measured in 
millimeters (e.g. 6 mm diameter by 80 mm length) are sized according to the 
vessel that requires treatment.

• The treatment of vascular stenoses or occlusions may involve PTA alone or PTA 
followed by stenting to maintain vascular patency.

• Specialised angioplasty balloons may be coated with antiproliferative drugs such 
as paclitaxel (drug-coated balloon) to reduce neointimal hyperplasia and there-
fore, increase the long-term durability of PTA. Other angioplasty balloon types 
include high-pressure and cutting balloons which are used to treat heavily fibrotic 
or very resistant lesions to conventional PTA.

3.8  Metal Stents

• Metal stents were originally introduced to address the limitations of angioplasty, 
most notably elastic recoil, restenosis or dissection following PTA.

• Elastic recoil involves ‘collapse’ of a vessel after PTA, usually due to arterial 
wall calcification or because of hard, fibrotic stenoses. Dissection occurs com-
monly during PTA due to detachment of the intimal layer from the media and 
may be flow limiting when large. Stents act as a scaffold to maintain patency in 
these situations.

Fig. 3.3 Angioplasty 
balloon following inflation. 
Radiopaque marker bands 
(arrows) on the balloon 
allow visualisation of the 
balloon position using 
fluoroscopy

3 Vascular Access and Equipment for Endovascular Interventions
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• Stents can be broadly categorised into balloon expandable or self-expandable 
stents and are sized in the same way as angioplasty balloons (e.g. 8 mm diameter 
and 100 mm length stent). Regardless of the stent type, all stents are delivered 
over a guidewire.

• Balloon expandable stents are mounted onto an angioplasty balloon catheter and 
are deployed in situ when the balloon is inflated. They are usually made of stain-
less steel or a cobalt-chromium alloy.

• Self-expanding stents are delivered through a co-axial delivery catheter system. 
The stent itself is collapsed and contained within the delivery system. During 
deployment, the outer sheath of this catheter is retracted and the constrained 
stent expands into its natural shape. These stents are usually made of a nickel- 
titanium alloy (nitinol) which has the unique property of expanding back to its 
natural shape and has high flexibility.

• Some stents are coated with an anti-proliferative agent such as paclitaxel and are 
known as drug-eluting stents. The antiproliferative drug reduces neointimal 
hyperplasia which in turn, reduces restenosis rates. In recent years, there has 
been significant interest in bioresorbable stents which essentially dissolve after a 
certain time period.

• Some metal stents have a polymer covering and are called covered stents. These 
are used to treat aneurysms (including aortic), to seal a bleeding artery and to 
prevent neointimal hyperplasia (Fig. 3.4).

Fig. 3.4 Metallic vascular 
stents of varying size, 
length and design 
characteristics

G. Kiernan and H.K. Kok
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3.9  Access Site Closure and After Care

• Following completion of an interventional procedure, the sheath is withdrawn 
from the artery and haemostasis is achieved through manual pressure over the 
puncture site for approximately 10–30 min, depending on the size of the sheath 
and the use of intraprocedural anticoagulation.

• In addition, a selection of vascular closure devices are available as an alterative 
to prolonged manual compression. Examples include the AngioSeal (Terumo), 
Perclose (Abbott), Starclose (Abbott) and ExoSeal (Cordis) devices. Vascular 
closure devices can reduce time to haemostasis and ambulation, medical 
resources input and expedite hospital discharge (Fig. 3.5).

• However, the use of these devices can also introduce device specific complica-
tions such as deployment problems and infection.

• Following femoral arterial access, bedrest for 4–6 h is required followed by grad-
ual ambulation. The access site should be carefully observed for the development 
of a haematoma or pseudoaneurysm and distal pulses should be examined.

• Vital signs including pulse and blood pressure measurements should be recorded 
regularly to detect evidence of occult blood loss such as retroperitoneal 
haemorrhage.

3.10  Complications

Complications may be divided into local-access site, procedural and systemic 
complications:

Access site complications (overall 2.3–33%):

• Haematoma (local 1–10% and retroperitoneal <1%)
• Pseudoaneurysm (0.2–2%)
• Acute occlusion/dissection (<1%)

Fig. 3.5 Example of 
vascular closure devices 
Cordis Exoseal (above) 
and Abbott StarClose SE 
(below)

3 Vascular Access and Equipment for Endovascular Interventions
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• Distal embolisation (1.6–2.4%)
• Arteriovenous fistula (<1%)
• Infection (very rare)

Procedure related complications:
Depends on specific procedure and will be discussed in corresponding chapters but 
include:

• Arterial dissection (variable, technique dependent)
• Arterial rupture (variable, technique dependent)
• Arterial occlusion (<1%)
• Arteriovenous fistula (<1%)
• Device specific complications (variable, device dependent)
• Limb loss (0.6–2.2%) and death (0–1%)

Systemic complications:

• Atheromatous/cholesterol embolisation to distal extremities (1.6–2.4%)
• Stroke – neurovascular procedures and interventions involving the aortic arch 

(variable, procedure dependent)
• Contrast reaction (<0.1%)
• Contrast induced nephropathy (2–20%)
• Complications of anticoagulation or thrombolysis including major bleeding 

(2.9–13.3% depending on thrombolytic agent and dose)

Further Reading

 1. Katsanos K, Tepe G, Tsetis D, Fanelli F. Standards of practice for superficial femoral and pop-
liteal artery angioplasty and stenting. Cardiovasc Intervent Radiol 2014;37:592–603.

 2. Karnabatidis D, Spiliopoulos S, Tsetis D, Siablis D. Quality improvement guidelines for percu-
taneous catheter-directed intra-arterial thrombolysis and mechanical Thrombectomy for acute 
lower-limb ischemia. Cardiovasc Intervent Radiol 2011;34:1123–1136.

Key Points 
• The most fundamental aspect of vascular interventional radiology is 

obtaining and securing vascular access in a safe and effective manner, most 
commonly using the Seldinger technique.

• A variety of vascular tools are available ranging from introducer sheaths, 
catheters and guidewires to angioplasty balloons and stents.

• Complications of endovascular interventions include local access site, pro-
cedural and systemic complications. Meticulous aftercare is an important 
part of patient management.

G. Kiernan and H.K. Kok
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4Endovascular Treatment of Peripheral 
Arterial Disease

Hong Kuan Kok

4.1  Introduction

• Peripheral arterial disease (PAD) is a manifestation of systemic atherosclerosis, 
most commonly affecting the arterial supply of the lower limbs. Clinical presenta-
tion can range from asymptomatic lesions to intermittent claudication and tissue 
necrosis which may be complicated by superimposed infection (so called “wet 
gangrene”).

• Patients with PAD can also present acutely with symptoms secondary to throm-
boembolism or vascular trauma in which urgent intervention is required. Most 
patients will undergo a range of investigations including ankle-brachial index 
measurements and imaging with Duplex ultrasound or CT/MR angiography to 
assess the extent and severity of disease.

• Imaging of PAD can reveal lesions ranging from a single stenosis to complex 
multifocal stenoses or long chronic total occlusions which will influence man-
agement and the technical approach adapated.

• Management of PAD is centered around comprehensive management of cardio-
vascular risk factors including smoking cessation, regular exercise and optimal 
medical therapy for hypertension, dyslipidaemia and diabetes.

• Patients who do not respond to conservative therapy may require further inter-
vention either in the form of surgical bypass procedures or increasingly, mini-
mally invasive endovascular therapy such as angioplasty and stenting.

mailto:terrykok@gmail.com
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4.2  Indications

• Endovascular treatment of PAD is indicated in patients not adequately managed by 
conservative measures including severe intermittent claudication, critical limb 
ischaemia with rest pain, ulceration or gangrene. Mild to moderate claudication is 
usually managed conservatively with a supervised exercise therapy program.

• Treatment of acute lower limb ischaemia due to a variety of causes including 
arterial thromboembolism and trauma (dissection, rupture, occlusion).

• Procedures may be performed as a means of limb salvage in patients with tissue 
necrosis and infection with the aim of either avoiding surgical amputation or limiting 
the extent of amputation (i.e. avoiding major below or above knee amputations).

4.3  Contraindications

• Uncorrectable coagulopathy
• Medically unstable or critically ill patients in whom procedure benefit is out-

weighed by risk of complications
• Contraindication to antiplatelet or anticoagulation therapy
• Allergy to iodinated contrast agents – relative contraindication as carbon dioxide 

(CO2) can be used as an alternative contrast agent
• Advanced renal impairment – relative contraindication as CO2 can be used

4.4  Patient Preparation

• Discussion at a multidisciplinary meeting with comprehensive review of symp-
toms, signs, investigations and imaging with input from referring clinicians, vas-
cular surgeons and interventional radiology.

• Can be performed as a day or short-stay procedure in selected patients.
• Fasting for 6 hours prior to the procedure.
• Confirm medical and surgical history paying attention to previous surgical bypass 

or endovascular interventions which may influence the procedure to be performed.
• Assess for any history of medication allergies and renal impairment which may pre-

clude administration of iodinated contrast agents. These can be comprehensively 
assessed with a patient safety checklist as advocated by CIRSE (see Chap. 1).

• Intravenous access, ideally at least 18 gauge for IV fluid infusion, conscious 
sedation and resuscitation measures if necessary.

• Blood investigations including a contemporaneous full blood count, renal function 
tests and coagulation studies. Most operators would use a cut-off international nor-
malised ratio (INR) of less than 1.5 and platelet count of greater than 50,000.

• Ensure appropriate medications are withheld prior to procedure following discus-
sion with senior clinicians. In particular, anticoagulants will need adequate time for 
normalisation of coagulation status or reversal agents as appropriate depending on 
the urgency of the procedure. Many patients with PAD are on anticoagulation with 
warfarin or novel oral anticoagulants (e.g. rivaroxaban, dabigatran) for various 
indications which can increase procedural bleeding risk.

H.K. Kok
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• Patients with PAD may also have chronic kidney disease of varying severity and 
consultation with an appropriate Nephrology service should be considered. 
Endovascular intervetions involve administration of iodinated contrast agents which 
are nephrotoxic in large volumes. Depending on local practice, patients may require 
prehydration with intravenous fluids (0.9% normal saline at 1 ml/kg/hr. for 24 h) 
and n-acetylcysteine (600 mg BID day before, day of and day after procedure).

• Insulin dependent diabetics may need a glucose-potassium-insulin (GKI) infu-
sion while the intervention is being performed

4.5  Complications

Complications specific to the procedure generally include:

• Access site haematoma (1–10%) and pseudoaneurysm formation (0.2–2%).
• Retroperitoneal haemorrhage, which may require blood transfusion, embolisa-

tion or surgical intervention (<1%).
• Injury to treated vessel including dissection, perforation, rupture and distal 

embolisation (overall <3%). Risk of distal embolisation is higher in thrombolysis 
for acute ischaemia (3.8–24%).

• Major adverse event requiring emergency surgery (<3.5%).
• Major amputation (0.6–2.2%).
• Infection of implanted devices such as stents or stent-grafts (very rare).
• Allergic reaction to contrast agents (0.1%).
• Acute kidney injury secondary to contrast agents (2–20%).
• Mortality (<1%).

4.6  Medications

• Local anaesthesia to the vascular access site (e.g. lignocaine)
• Conscious sedation with short acting benzodiazepine and opioid analgesic
• Antiplatelet agents such as aspirin and clopidogrel
• Unfractionated heparin administered during the procedure
• Antibiotic prophylaxis is not indicated in most routine procedures. However, patients 

may already be on antibiotics for treatment of infected gangrene or osteomyelitis and 
this should continue during the periprocedural period. In addiition, if a synthetic 
vascular graft is going to be punctured to gain access, antibiotics are given.

4.7  Results

• Technical success for angioplasty and stenting are high, in excess of 90%.
• In general, primary patency rates of 70–80% at 1 year, 60–70% at 3 years and 

~50% at 5 years can be expected following angioplasty and stenting in the femoral 
and popliteal arteries. These results are higher in the iliac arteries where primary 
patency rates of >80% at 3 years and >70% at 5 years are reported.

• Primary patency at 1 year following endovascular treatment is higher for stenting 
(>70%) when compared to angioplasty alone (between 50–60%) and even higher 

4 Endovascular Treatment of Peripheral Arterial Disease
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with drug eluting stents (>85%) but this depends on the lesion morphology, cal-
cification and length.

• Recently developed technologies including drug coated angioplasty balloons, 
drug eluting stents and braided nitinol stents show higher patency rates ranging 
from 80–90% but long term results are lacking.

4.8  Case Examples

Case 4.1
A 65 year-old man with worsening intermittent claudication in his left calf, now 
significantly limiting his lifestyle with a claudication distance of 50 meters. He 
underwent an MR angiogram of the lower limbs which showed a long 20 cm occlu-
sion involving the left superficial femoral artery (SFA). His case was discussed at 
the vascular multidisciplinary conference and a consensus for endovascular treat-
ment was made following discussion with the patient. As the vessel was completely 
occluded, a subintimal angioplasty technique was used (Figs. 4.1 and 4.2).

Fig. 4.1 (a) MR angiogram image showing occlusion of the left SFA (arrow). (b) Following 
an antegrade puncture of the left common femoral artery, a 6 French introducer sheath was 
placed and the occlusion was confirmed on angiography as shown by absence of contrast 
within the expected location of the SFA (dotted line). (c) Using a subintimal angioplasty 
technique, the occluded SFA was recanalised and angioplasty was performed with a balloon 
catheter (arrow). (d) Completion angiogram shows successful recanalisation of the SFA 
which is now opacified by contrast along its entire length. The patients symptoms resolved 
following this treatment and his medical therapy was optimised

da b c
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Case 4.2
An 80-year old female patient with multiple medical comorbidities including 
emphysema, coronary artery disease and ischaemic cardiomyopathy presents 
with severe rest pain in her left foot which keeps her awake at night. There 
was no evidence of ulceration or gangrene and her popliteal and distal pedal 
pulses were weak. A CT angiogram of her lower limbs was performed which 
showed a severe stenosis in the distal left SFA. Following discussion of treat-
ment options at a multidisciplinary meeting and with the patient, endovascu-
lar treatment was chosen (Fig. 4.3).

Fig. 4.2 Technique of subintimal angioplasty. (a) Using a combination of an angiographic 
catheter and an angled tip hydrophilic guidewire, a loop is formed at the level of the arterial 
occlusion to create a dissection between the intima and media of the artery. (b) The wire 
loop is advanced through the subintimal space beyond the occlusion and (c) re-entry into 
the true arterial lumen is achieved. (d) The catheter is exchanged for an appropriate size 
angioplasty balloon and subintimal angioplasty is performed to dilate the channel. (e) Final 
result following angioplasty with flow restored through the new subintimal channel

a

b

c

d

e
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Fig. 4.3 (a) Left lower limb angiogram showed severe stenosis in the distal SFA at the 
level of the adductor hiatus. This was initially treated with angioplasty which resulted in a 
focal flow-limiting dissection (arrow). (b) Subsequently, a self-expanding stent was placed 
(arrow) and (c) the final angiographic result was improved. Her symptoms resolved follow-
ing treatment and she remains on long-term antiplatelet therapy to maintain stent patency

ca b

4.9  Post-procedure Care and Review

• Bed rest for 4–6 h following the procedure with gradual mobilisation.
• Observation of vital signs and access site for local complications including hae-

matoma and pseudoaneurysm formation. If this is suspected, further imaging 
should be performed, initially with a Duplex ultrasound of the access site.

• If the patients’ vital signs deteriorate, bleeding from the groin into the retroperitoneum 
should be considered and manual presure applied to the groin during resuscitation.

• Examination of distal pulses and capillary refill.
• Commencement of appropriate medications such as antiplatelet therapy or a 

period of systemic anticoagulation depending on the individual case.
• Follow-up in the form of clinical assessment of symptoms and signs and/or 

imaging studies following intervention.

H.K. Kok
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4.10  Discussion

• PAD is most commonly due to atherosclerosis and can affect any artery in the 
body. There is a predilection for involvement of the carotid (leading to TIA and 
stroke), coronary (angina and acute coronary syndromes) and peripheral lower 
limb arteries (intermittent claudication and critical limb ischaemia).

• In the lower limb, the iliac, femoral, popliteal and below knee tibial arteries are 
commonly involved. Atherosclerotic lesions in PAD often produce stenoses 
which can progress to total occlusions over time.

• Endovascular intervention for PAD involves a variety of techniques including 
balloon angioplasty and stenting. Other specialised techniques such as subinti-
mal angioplasty, atherectomy, thrombolysis and thrombectomy may also be 
employed depending on characteristics of the lesion.

• Careful review of pre-procedural imaging will help the interventionalist plan the 
required techniques to perform the procedure effectively and safely.

• Most stenotic lesions can be treated using a luminal approach with conven-
tional balloon angioplasty however chronic total occlusions often require a 
specialised technique called subintimal angioplasty, where a controlled dis-
section between the intima and media is formed across the occluded segment 
(Case 4.1). Importantly, these techniques do not preclude future surgical 
bypass.

• Occasionally, a suboptimal result may achieved with balloon angioplasty 
alone either because the lesion is resistant to angioplasty or because a com-
plication such as dissection arises, requiring stenting to maintain vessel 
patency (Case 4.2).

• Newer techniques including the use of drug-coated angioplasty balloons, stents 
and bioabsorbable vascular scaffolds are under investigation with the promise of 
better patency rates however long-term clinical outcomes are awaited.

Key Points
• PAD is most commonly a manifestation of systemic atherosclerosis and 

requires aggressive reduction of cardiovascular risk factors and optimal 
medical therapy.

• Endovascular treatments for PAD are minimally invasive and effective in 
treating a variety of lesions in the iliac, femoral, popliteal and below knee 
tibial arteries.

• Patients with mild to moderate intermittent claudication should undergo 
supervised exercise therapy. Patients with severe claudication, rest pain 
and tissue loss in the form of ulcers or gangrene should be considered for 
endovascular treatment or surgical bypass if unsuccessful.

• Careful clinical and imaging assessment, multidisciplinary involvement 
and attention to pre and post-procedural care are essential.

4 Endovascular Treatment of Peripheral Arterial Disease



30

Further Reading

 1. Katsanos K, Tepe G, Tsetis D, Fanelli F. Standards of practice for superficial femoral and pop-
liteal artery angioplasty and stenting. Cardiovasc Intervent Radiol 2014;37:592–603.

 2. Rossi M, Iezzi R. Cardiovascular and interventional Society of Europe guidelines on endovas-
cular treatment in aortoiliac arterial disease. Cardiovasc Intervent Radiol 2014;37:13–25.
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5Acute Embolisation Procedures

Hong Kuan Kok and Mark F. Given

5.1  Introduction and Embolisation Materials

• Embolisation is a minimally invasive technique used to occlude vascular supply 
to organs, tumours or vascular malformations. This often involves the precise 
delivery of embolic materials under imaging guidance with fluoroscopy, ultra-
sound or CT.

• The interventionalist has a choice of embolic materials to choose from depend-
ing on the clinical scenario and desired therapeutic outcome. These include spe-
cially designed devices such as metallic coils and vascular plugs, microparticles, 
gelatine sponges and liquid agents such as glue, thrombin or non-adhesive liquid 
embolics (ethylene vinyl alcohol copolymer) (Fig. 5.1).

• Acute embolisation procedures are performed in emergency situations such as in 
the trauma patient to control haemorrhage. This is often performed as an alterna-
tive or adjunct to more invasive surgical treatment.

• These procedures require close teamwork between interventional radiologists 
and many individuals of the trauma team including referring clinicians, trauma 
surgeons, anaesthetists, nurses and radiographers to deliver a safe and efficient 
service to the critically ill patient.

mailto:terrykok@gmail.com


32

5.2  Clinical Scenarios and Indications

5.2.1  Trauma and Visceral Injury

• Interventional radiology has a central role in the management of trauma patients, 
from providing rapid diagnosis through specialist imaging (ultrasound and CT) 
to interventional procedures.

• Bleeding from vascular (thoracic, abdominal and pelvic arterial branches) and 
visceral injuries (renal, liver, splenic injuries) can be managed through embolisa-
tion procedures in selected patients. In many cases, these procedures are life- 
saving and can avoid the morbidity of invasive surgery or can stabilise a critically 
ill patient for further definitive surgical treatment.

5.2.2  Gastrointestinal Tract Bleeding

• Acute upper or lower gastrointestinal tract bleeding can be treated with selective 
embolisation of bleeding vessels, particularly if other methods including endos-
copy have been unsuccessful.

• Virtually any mesenteric vessel can be targeted and treated with embolisation. 
Commonly treated vessels include the gastroduodenal artery in upper gastrointestinal 

a b

c d

Fig. 5.1 Examples of embolisation materials available including (a) calibrated microparticles, 
(b) covered stent-grafts, (c) metallic coil and (d) vascular plug
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bleeding and distal branches of the mesenteric arteries in lower gastrointestinal bleed-
ing. The bleeding artery is selected as distally as possible to avoid precipitating isch-
emia to a particular segment of bowel and is typically embolised with metallic coils.

5.2.3  Haemoptysis

• Massive haemoptysis from bronchiectasis, cystic fibrosis, pulmonary tuberculo-
sis and tumours can also be treated with embolisation.

• Most cases of large volume haemoptysis originate from hypertrophied or eroded 
bronchial or less commonly, intercostal arteries. These vessels can be embolised 
using microparticles.

5.2.4  Epistaxis

• Epistaxis is a common condition, usually arising from the anterior septal area 
(Little’s area) and less commonly from the posterior nasal cavity.

• The vascular supply to the nasal septum is derived mainly from the external 
carotid artery via the distal branches of the internal maxillary artery. A smaller 
contribution comes from the anterior and posterior ethmoidal arteries which are 
branches of the ophthalmic artery, itself a branch of the internal carotid artery.

• Most cases can be managed conservatively with nasal packing or local cau-
tery. Intractable epistaxis which fails to respond to conservative measures can 
be treated with transarterial embolisation of the internal maxillary artery 
using microparticles or platinum coils as an alternative to surgical ligation.

5.2.5  Obstetric Haemorrhage

• Embolisation has a major role to play in the management of obstetric haem-
orrhage which remains an important cause of maternal mortality worldwide.

• Embolisation is now established as a safe and highly effective treatment for post- 
partum haemorrhage and has the advantage of uterine preservation when com-
pared to hysterectomy.

• Prophylactic temporary balloon occlusion of the internal iliac arteries is also 
performed in patients with placenta accreta to minimise haemorrhagic complica-
tions during delivery.

5.3  Patient Preparation

• Appropriate patient resuscitation and stabilisation with maintenance of airway, 
breathing and circulation.

• Multidisciplinary involvement of the anaesthetics, surgical, medical, trauma or 
obstetric teams in resuscitation and further management is essential in all cases.
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• At least two large bore intravenous access for IV fluid infusion, sedation and 
resuscitation measures.

• Blood investigations including a contemporaneous full blood count, renal func-
tion tests and coagulation studies. For maximum benefit from embolisation, sys-
temic coagulopathy should be corrected.

5.4  Case Examples

Case 5.1
A 45 year old female patient fell from a horse and sustained blunt trauma to 
her left flank. She was in hypovolaemic shock on arrival to the Emergency 
Department and was resuscitated with intravenous fluids. She underwent an 
urgent CT of the abdomen which revealed a large left perinephric haema-
toma and active arterial bleeding from the lower pole of the left kidney 
(Fig. 5.2). She was transferred to the interventional radiology suite for 
embolisation of this bleeding arterial branch. (Fig. 5.3).

*

Fig. 5.2 Contrast enhanced arterial phase CT of the abdomen showing anterior displace-
ment of the left kidney by a large perinephric haematoma (asterisk). There is a focus of 
active arterial haemorrhage in the lower pole of the left kidney (arrow)
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Case 5.2
A 70 year old female patient fell down a flight of stairs at home and sus-
tained multiple left sided rib fractures. She complained of severe left 
sided lower chest and upper abdominal pain and underwent an urgent CT 
of the abdomen at presentation to the Emergency Department which 
showed splenic lacerations associated with multiple pseudoaneurysms 
which were at high risk of rupture. She was transferred to the Interventional 
Radiology suite for further management (Figs. 5.4 and 5.5).

a b

Fig. 5.3 (a) Following right common femoral arterial access, a 5 French catheter was used 
to selectively catheterise the left renal artery. Angiography showed active extravasation of 
contrast from a lower pole branch of the left renal artery (arrow). (b) This branch was 
selected with a catheter and embolised with metallic coils resulting in immediate cessation 
of haemorrhage (arrow). She made an uneventful recovery and avoided the need for inva-
sive surgery or nephrectomy
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Fig. 5.4 Contrast enhanced CT of the upper abdomen showing a splenic laceration with 
contained perisplenic haematoma (arrow) and pseudoaneurysms arising from distal splenic 
arterial branches (thick arrow)

a b

Fig. 5.5 (a) Following arterial access, the splenic artery (black arrow) was catheterised 
and angiography confirmed multiple traumatic pseudoaneurysms (white arrows), fed by 
distal branches of the splenic artery. (b) These branches were embolised with metallic coils 
to occlude the pseudoaneurysms (arrow). Although the superior pole of the spleen was 
sacrified in the process, a significant amount of normal splenic tissue was preserved and 
was sufficient to maintain splenic immune function. The patient recovered well from the 
procedure and was discharged home 2 days later

5.5  Complications

• Access site complications including haematoma, dissection, perforation 
(5–10%).

• Failure of embolisation – may be due to widespread coagulopathy such as dis-
seminated intravascular coagulation from severe haemorrhage.
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• Organ infarction.
• Non-target embolisation of other viscera.
• Mortality – variable depending on clinical status and extent of injury, in many 

cases these procedures are life-saving.

5.6  Results and Post-procedure Care

• In most cases, technical success is high and clinical success is apparent almost 
immediately after embolisation which may be reflected by haemodynamic stabi-
lisation or discontinuation of bleeding on angiography.

• The aim of embolisation is to preserve as much of the injured organ as possible 
(such as in Cases 5.1 and 5.2) however occasionally it may be necessary to sac-
rifice the entire organ to preserve life. Some organs such as the spleen tolerate 
embolisation well and preserve sufficient splenic function due to perfusion from 
collateral vessels.

• Patients should be managed by a multidisciplinary team and depending on the 
overall clinical status, may require further care in an intensive care unit or addi-
tional surgical treatment for other injuries such as skeletal fractures.

Further Reading

 1. Chakraverty S, Flood K, Kessel D, et al. CIRSE guidelines: quality improvement guide-
lines for endovascular treatment of traumatic hemorrhage. Cardiovasc Intervent Radiol. 
2012;35:472–82.

 2. Society of Interventional Radiology Standards of Practice Committee. Quality Improvement 
Guidelines for Percutaneous Transcatheter Embolization. Available at:  http://www.sirweb.org/
clinical/cpg/QI7.pdf.

Key Points
• Embolisation is an image-guided technique used to occlude vascular sup-

ply to organs using a variety of embolic materials.
• Acute embolisation procedures can be life-saving in a variety of situations 

including trauma, uncontrolled respiratory or gastrointestinal tract haem-
orrhage, intractable epistaxis and obstetric haemorrhage.

• Prompt imaging and early involvement of the Interventional Radiology 
service is key to identifying patients who may benefit from embolisation 
therapy, preserving life and visceral function.

5 Acute Embolisation Procedures

http://www.sirweb.org/clinical/cpg/QI7.pdf
http://www.sirweb.org/clinical/cpg/QI7.pdf


39© Springer International Publishing AG 2018
H.K. Kok et al. (eds.), Interventional Radiology for Medical Students, 
DOI 10.1007/978-3-319-53853-2_6

H.K. Kok (*) 
Department of Radiology, Beaumont Hospital and Royal College of Surgeons in Ireland, 
Dublin, Ireland
e-mail: terrykok@gmail.com 

M.F. Given 
Department of Radiology, Beaumont Hospital, Dublin, Ireland

6Elective Embolisation Procedures

Hong Kuan Kok and Mark F. Given

6.1  Introduction

• Elective embolisation procedures encompass the minimally-invasive treatment 
of a diverse range of oncologic and non-oncologic conditions. This chapter will 
focus on the treatment of non-oncologic conditions including uterine fibroids, 
benign prostatic hyperplasia and gonadal vein embolisation (varicocoele and 
pelvic varicosities seen in pelvic congestion syndrome). Embolisation of tumours 
and vascular malformations will be covered in subsequent chapters.

• The embolic materials available to the Interventional Radiologist include spe-
cially designed devices such as metallic coils and vascular plugs, microparticles, 
gelatine sponges and liquid agents such as glue, thrombin or non-adhesive liquid 
embolics (ethylene vinyl alcohol copolymer).

6.2  Clinical Scenarios

6.2.1  Uterine Fibroid Embolisation

• Uterine fibroids or leiomyomas are very common benign smooth muscle tumours 
of the uterus. They may be asymptomatic or result in symptoms including menor-
rhagia, dysmenorrhoea and infertility. When sufficiently large, fibroids can also 
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compress on adjacent pelvic viscera such as the urinary bladder and rectum lead-
ing to pressure symptoms manifesting as urinary frequency or incomplete bladder 
and bowel emptying.

• Management of symptomatic fibroids include medical therapy with analgesics 
and hormones, surgery (myomectomy or hysterectomy) and increasingly, 
minimally- invasive uterine sparing procedures such as uterine fibroid embolisa-
tion (UFE).

• UFE is an established endovascular procedure with high success rates (>90%) 
for the treatment of symptomatic fibroids. It is now recommended as a first-line 
treatment option alongside surgical treatment in various guidelines including 
those from the National Institute for Health and Care Excellence (NICE) in the 
United Kingdom, conjoint recommendations from the Royal College of 
Obstetricians & Gynaecologists and the Royal College of Radiologists as well 
as the American College of Obstetricians & Gynecologists (ACOG).

• UFE is performed as a day or short stay (overnight) procedure and involves 
selective catheterisation of both uterine arteries and flow-directed embolisation 
with microparticles ranging in size from 500 to 900 microns.

• Many patients experience improvement in symptoms within 2–3 weeks follow-
ing UFE and benefits are sustained in a large majority of patients. A small pro-
portion (15–20%) may require re-intervention either with repeat UFE or surgery 
in the 5 year period following UFE.

6.2.2  Prostate Artery Embolisation

• Similar to UFE, prostate artery embolisation (PAE) has recently emerged 
as an alternative to surgical treatment in patients with benign prostatic 
hyperplasia. Symptoms of benign prostatic hyperplasia may include uri-
nary frequency, urgency, poor stream, dribbling and urinary retention 
requiring catheterisation.

• Although experience is limited, early studies have shown that PAE can reduce 
prostate volumes between 20–40% with improvement in maximum urinary flow 
rates and reduction in post-void urinary retention.

• At present, PAE is performed in select centres with sufficient experience in this 
procedure, often in the context of clinical research. Further large-scale studies 
are awaited before PAE can be adopted as a mainstream procedure.

6.2.3  Gonadal Vein Embolisation

• Gonadal vein embolisation is performed for the treatment of symptomatic vari-
cocoeles in men. Varicocoeles are dilated veins of the pampiniform venous 
plexus in the scrotum and occur more commonly on the left side. They may 
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result in pain and discomfort, particularly after long periods of standing. A small 
proportion of varicocoeles also result in subfertility.

• Embolisation of the testicular vein on the affected side with metallic coils, scle-
rosant material or glue is a highly effective treatment provided that the clinical 
symptoms are attributable to the varicocoele.

• Dilated pelvic varicosities in females, which are analogous to varicocoeles in 
men can result in pelvic congestion syndrome. Symptoms include chronic pelvic 
pain which is typically worse at the end of the day or after long periods of stand-
ing. Patients may also have co-existing vulval varices. Embolisation of the 
gonadal veins and dilated varicosities can be highly effective in improving symp-
toms in carefully selected patients.

6.2.4  Other Embolisation Procedures

• Virtually any organ system in the body can be treated by embolisation and there 
is a wide spectrum of procedures that can be performed.

• Examples include:
 – Endoleak embolisation following endovascular aneurysm repair (EVAR).
 – Embolisation of visceral artery aneurysms in the splanchnic circulation.
 – Tumour embolisation such as benign (angiomyolipoma) and malignant (renal 

cell carcinoma) renal tumours.
 – Portal vein embolisation prior to hepatic resection to promote hypertrophy of 

the future liver remnant after resection.
 – Embolisation of vascular (e.g. arteriovenous malformation) and lymphatic 

malformations.
 – Embolisation of gastric varices via balloon-occluded retrograde transvenous 

obliteration (BRTO) technique.
 – Bariatric embolisation – under investigation.

6.3  Patient Preparation

• Discussion at a multidisciplinary meeting or clinic review with comprehensive 
assessment of symptoms, signs, investigations and imaging with input from refer-
ring clinicians (e.g. Gynaecologists, Urologists) and Interventional Radiology.

• Can be performed as a day or short-stay procedure.
• Fasting for at least 6 hours prior to the procedure.
• Assess for any history of medication allergies which may preclude administra-

tion of iodinated contrast agents.
• Intravenous access, ideally at least 18 gauge for IV fluid infusion, conscious 

sedation and resuscitation measures if necessary.
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• Blood investigations including a contemporaneous full blood count, renal func-
tion tests and coagulation studies. Most operators would use a cut-off interna-
tional normalised ratio (INR) of less than 1.5 and platelet count of greater than 
50,000.

• Prophylactic antibiotic cover with adequate analgesia for UFE as post- 
embolisation pain can be severe in the first 2–3 h following the procedure. This 
typically lasts between 8 to 12 h and many patients are admitted for overnight 
pain management and observation. Some centres use epidural analgesia, superior 
hypogastric nerve blocks or opioid based patient controlled analgesia pumps to 
minimise patient discomfort.

6.4  Case Examples

Case 6.1
A 42-year-old female patient with uterine fibroids was referred from her 
Gynaecologist with severe menorrhagia and irregular periods requiring intermittent 
blood transfusions for anaemia. She wished to avoid invasive surgery and also exp-
ressed a desire to maintain her uterus and chose to undergo UFE. (Figs. 6.1 and 6.2).

a b

Fig. 6.1 (a) Pre-procedure MRI was performed showing an enlarged uterus containing 
multiple T2-hypointense fibroids (arrows). These were suitable for UFE and the patient 
returned for treatment 2 weeks after her MRI. (b) Follow-up MRI 6 months after embolisa-
tion showing decrease in size of multiple fibroids (arrows)
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Fig. 6.2 (a) Following arterial access through the right common femoral artery, the left 
uterine artery (arrow) was selectively catheterised with a microcatheter and angiography 
confirmed avid vascular supply to the enlarged fibroid uterus. (b) Both uterine arteries were 
embolised with permanent calibrated microparticles (700 micron particles in this case). Her 
symptoms improved within a week of her procedure and a follow-up MRI at 6 months 
confirmed complete devascularisation of the fibroids with reduction in uterine size

  

a

b
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Case 6.2
A 38 year old man was referred by his Urologist with dull aching pain in the 
left scrotum, worse at the end of the day. Clinical examination revealed a soft 
swelling separate from the left testicle and a scrotal ultrasound confirmed a 
moderate size varicocoele with augmentation of flow in the veins with the 
Valsalva manoeuvre (Fig. 6.3). As his symptoms were affecting his job, which 
involved prolonged periods of standing, he opted for varicocoele embolisation 
and was admitted to the IR day ward for the procedure. (Fig. 6.4).

a b

Fig. 6.4 (a) Following access via the right common femoral vein, a catheter was advanced 
up the IVC, into the left renal vein and subsequently, the left testicular vein (which drains 
into the left renal vein). Venography confirmed an enlarged left testicular vein and varico-
coele (arrows). (b) Multiple metallic coils were placed throughout the length of the testicu-
lar vein (arrows) resulting in complete occlusion of the vein. His symptoms improved 
within the first week and completely resolved at 6 week follow-up

Testis

Fig. 6.3 Scrotal ultrasound showing enlarged veins with hypervascular flow on colour 
Doppler in the left scrotum consistent with varicocoele (arrows)
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6.5  Complications

• Access site complications including haematoma, dissection, perforation.
• Pain – particularly following UFE which can be severe.
• Infection (2.5%).
• Failure or need for repeat embolisation due to recurrence of symptoms.
• Organ infarction (very rare).
• Non-target embolisation of other viscera.
• Post-embolisation syndrome (3%) which consists of a constellation of symp-

toms including fever, pain, nausea and vomiting, typically occurring within the 
first 48–72 h of embolisation. These symptoms may be confused with infection 
but this can be anticipated, particularly with embolisation of large fibroids or 
tumours.

• Amenorrhoea following UFE (4%).

6.6  Post-procedure Care and Review

• If performed via arterial access (e.g. UFE or PAE), bed rest for 4–6 h following 
the procedure with gradual mobilisation soon after. Bed rest and observation for 
1–2 h following venous access is usually sufficient.

• Observation of vital signs and access site for local complications including hae-
matoma and pseudoaneurysm formation.

• Commencement of appropriate analgesics following UFE for pain control.
• Clinical follow-up after embolisation to assess response. Follow-up imaging is 

also typically arranged for patients undergoing UFE with a repeat MRI at 
6 months to assess for procedural success and uterine size.

Key Points
• Embolisation is an image-guided technique used to occlude vascular sup-

ply to organs with a variety of embolic materials.
• Elective embolisation procedures involve treatment of a variety of onco-

logic and non-oncologic conditions such as uterine fibroids, benign pros-
tatic hyperplasia, varicoclele and pelvic congestion syndrome, sparing the 
need for more invasive surgical treatment.

• UFE and gonadal vein embolisation are highly effective (90%) and are 
accepted first-line treatment options for symptomatic fibroids or varicocoeles.

• PAE is an emerging and promising technique for treatment of benign pros-
tatic hyperplasia.

• Adequate pain control and observation for post-embolisation syndrome is 
particularly important in patients undergoing UFE.
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Further Reading

 1. NICE interventional procedure guidance [IPG367]. Uterine artery embolisation for fibroids. 
Available at: https://www.nice.org.uk/guidance/ipg367.

 2. Society of Interventional Radiology Standards of Practice Committee. Quality Improvement 
Guidelines for Percutaneous Transcatheter Embolization. Available at: http://www.sirweb.org/
clinical/cpg/QI7.pdf.

 3. van Overhagen H, Reekers JA. Uterine artery embolization for symptomatic Leiomyomata. 
Cardiovasc Intervent Radiol. 2015;38:536–42.
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7Vascular Malformations and Treatment

Elizabeth Ryan and Mark F. Given

7.1  Introduction

• These are endothelial malformations which may be arterial, venous, capillary, 
lymphatic or mixed (e.g. arteriovenous).

• They are uncommonly encountered and treatment is complex. Patients with vas-
cular malformations are best managed in an expert centre via a multidisciplinary 
approach by experienced clinicians incorporating input from different specialties 
including IR, Dermatology and Plastic surgery.

• They are divided into low and high-flow lesions. Low-flow lesions include 
venous, capillary, lymphatic or mixed malformations without arterial supply. 
High-flow malformations involve an arterial component.

• Pre-treatment characterisation with diagnostic imaging is mandatory as low and 
high-flow lesions are managed differently. MRI and ultrasound are the most 
commonly employed diagnostic modalities.

Imaging is also important for delineating the anatomy of the lesion and its prox-
imity to or involvement of adjacent structures.
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7.2  Low-Flow Lesions

• Venous, capillary, lymphatic and mixed malformations consist of multiple 
venous channels in a hamartomatous stroma connecting to and draining via nor-
mal veins.

• Many malformations present with swelling, pain and/or haemorrhage. Restricted 
movement, deformity or aesthetic appearance may also prompt presentation, 
depending on the size, extent and location of the malformation.

• Percutaneous sclerotherapy is the treatment for choice for most low-flow mal-
formations and is usually performed with a liquid sclerosant such as sodium 
tetradecyl sulphate (STD) or ethanol.

7.2.1  Indications

• Pain, swelling, haemorrhage or aesthetic considerations
• Platelet consumption

7.2.2  Alternative Treatment Options

Conservative Patients may not consider the lesion particularly troublesome 
and may be satisfied with reassurance that it is benign and not 
life-threatening. If so, conservative management is a reason-
able option. However, it is important to inform the patient 
(and parents in young children) that, in contrast to haeman-
giomas, vascular malformations will not regress with age and 
may enlarge.

Surgical resection For small superficial lesions. Often recur.
Laser For capillary vascular malformations.
Radiotherapy Rarely used due to limited efficacy and skin changes.

7.2.3  Contraindications

• Known right-to-left shunts, e.g. patent foramen ovale. These risk embolisation of 
the sclerosant into the arterial circulation which could be catastrophic.

7.2.4  Patient Preparation

• Imaging Should be reviewed prior to the procedure to confirm it is a low-flow 
malformation, select an access route and identify involved or adjacent structures.

• Lab Full blood count, coagulation status. International normalised ratio should 
be <1.5 and platelets >50 × 109/L.
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• Medications Clopidogrel/warfarin/novel anticoagulant medications should be 
held for a duration appropriate to the specific agent.

• Fasting Clear fluids are allowed up to 2 h prior to the procedure; fasting for all 
other intake for at least 4 h.

• IV access
• Anaesthesia These procedures are painful and adequate analgesia and seda-

tion are required. General anaesthesia is often used.
• Written informed consent should be documented after discussed of the pro-

cedure and its benefits, risks and alternatives.

7.2.5  Technique

• Patient positioning is appropriate to the location of lesion and the access route. 
Sterile field.

• Some operators advocate catheter angiography at the time of first intervention in 
order to confirm its low-flow status prior to percutaneous treatment and also 
provides a baseline angiographic study for future comparison.

• Placement of a 21G needle into the malformation under ultrasound guidance.
• Injection of contrast under digital subtraction angiography, noting the volume 

and rate of contrast material required to reach a draining vein.
• Sclerosant is then mixed with contrast medium and carefully injected at the 

desired volume and rate under imaging guidance.
• Treatment may require several sessions depending on the lesion size. On each 

session up to three small areas of the lesion are treated in order to keep the post- 
procedure swelling to an acceptable level and reduce the risk of skin ulceration.

7.2.6  Post-procedural Care

Analgesia as required.
Swelling is expected and may take several weeks to resolve. It is important to 

counsel the patient prior to treatment that swelling may transiently 
increase after treatment. Furthermore, the lesion may take up to sev-
eral months to fibrose and shrink in response to sclerosant administra-
tion. Occasionally, a short course of corticosteroids can be prescribed 
to reduce post-treatment swelling.

7.2.7  Complications

• Skin ulceration (8%)
• Neurovascular damage (2–5%)
• Muscle atrophy or contracture (<1%)
• Dissemination via draining veins resulting in arrhythmias, DVT, pulmonary 

emboli, compartment syndrome (rare)
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7.3  High-Flow Lesions

• Any malformation with an arterial component, including arteriovenous malfor-
mations and arteriovenous fistulae.

• These represent a connection between the arterial and venous systems without an 
intervening capillary bed, resulting in high-flow through the channels.

• They present with local symptoms similar to low-flow malformations such as 
pain, swelling and sometimes haemorrhage.

• Additionally, they may produce systemic symptoms secondary to arteriovenous 
shunting including paradoxical emboli, high-output cardiac failure and isch-
aemia of the tissues peripheral to the shunt (e.g. in the extremities) as a result of 
flow diversion. These are more commonly associated with AV fistulae than 
AVMs, the latter having a complex nidus of small channels between arterial sup-
ply and venous drainage rather than a direct connection.

• These are treated with transarterial embolisation.

7.3.1  Indications

• Pain, swelling, aesthetic appearance.
• Shunting resulting in high-output cardiac failure or peripheral ischaemia.
• Platelet consumption.

7.3.2  Alternative Therapies

• Conservative
• Surgical resection of small superficial malformations is feasible but they com-

monly recur.

7.3.3  Contraindications

• Right-to-left shunt, for example a patent foramen ovale. (relative 
contraindication)

7.3.4  Patient Preparation

• Imaging Should be reviewed prior to the procedure to confirm the diagnosis, 
identify the supplying arteries and other structures either involved by the lesion 
or sharing the same arterial supply (risk of non-target embolisation).

• Lab Full blood count, coagulation status. International normalised ratio should 
be <1.5 and platelets >50 × 109/L.
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• Medications Clopidogrel/warfarin/novel anticoagulant medications should be 
held for a duration appropriate to the specific agent.

• Fasting Clear fluids are allowed up to 2 h prior to the procedure; fasting for all 
other intake for at least 4 h.

• IV access
• Anaesthesia These procedures may be painful and adequate analgesia and 

sedation are required. General anaesthesia may be necessary, especially in 
younger patients.

• Written informed consent should be documented after discussed of the pro-
cedure and its benefits, risks and alternatives.

7.3.5  Technique

• Supine position, sterile field.
• Right common femoral artery needle access, placement of a guidewire and 

sheath.
• The supplying artery is accessed with a standard catheter and wire, and selective 

access into the small arterial branches is performed with a microcatheter.
• It is critical to deliver the embolic agent into the centre (or “nidus”) of the 

malformation. Embolisation of larger, more proximal branches without 
embolising the nidus results in recruitment of new arterial supply and treat-
ment failure.

• Liquid embolic agents such as glue, ethanol or Onyx (ethylene vinyl alcohol 
copolymer) are used. A combination of agents may be used to treat the nidus and 
feeding arteries.

• Sometimes balloon occlusion of the venous outflow (via a separate venous 
access) is performed to reduce the flow and prevent rapid “wash out” or dissemi-
nation of the embolic agent.

7.3.6  Post-procedural Care

• As for all arterial access, bed rest for 6 h and regular observation for bleeding at 
the puncture site.

• Analgesia as required.

7.3.7  Complications

• Complications related to arterial puncture including haemorrhage and pseudoa-
neurysm formation. (1–5%).

• Non-target embolisation, the sequelae of which are specific to the treatment site. 
(complication rate also specific to treatment site).
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Case
This 4-year-old boy presented with an enlarging, visible and intermittently 
painful vascular malformation involving his left upper limb. Workup con-
firmed a low-flow lesion safe for percutaneous sclerotherapy.

a b d

c

 

Key Points
• Vascular malformations are uncommon and treatment may be complex and 

include staged or multi-modal therapy. They should be evaluated and man-
aged in a specialist centre by experienced operators.

• They should be correctly characterised as low-flow or high-flow lesions 
prior to treatment in order to select the appropriate treatment method.

• Pre-procedure imaging is typically via ultrasound and/or MRI.
• Treatment carries risk and conservative management is a valid option if the 

malformation is not particularly troublesome.

Percutaneous sclerotherapy of upper limb vascular malformation. (a) Multiple visible and 
palpable distended veins in the left arm. (b) and (c) Direct puncture and contrast injection 
under fluoroscopy allows visualisation of the malformation and injection of sclerosant. 
(d) One year and several sclerotherapy treatments later, the malformation has significantly 
decreased in size and is less visible. The patient’s symptoms had also improved
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8Venous Access Principles and Devices 
(PICC, Vascular Access Ports 
and Tunneled Catheters)

Timothy Murray, Hong Kuan Kok, and Michael Lee

8.1  Introduction

• Venous access is a mainstay of hospital-based patient treatment, and is increas-
ingly used in community-based treatment. Peripheral venous cannulae have a 
short lifespan. In addition, the limited gauge of smaller peripheral veins reduces 
permissible flow rates. As such, these small, low-flow vessels are more prone to 
venous sclerosis from certain intravenous medications and other substances 
compared to larger, high-flow veins.

• Central venous access is indicated in patients who require intermediate-long 
term access for treatment such as antibiotics, chemotherapy and haemodialysis.

• The choice of access site and type of vascular access device depends on the clini-
cal indication, expected duration of treatment and patient status. A variety of 
device types are available which vary in terms of size, lumen number, catheter 
length, material, coating and termination (hub, port reservoir, etc.). These are 
tailored to the patient and the clinical indication. Additionally, some catheter 
designs feature both anti-microbial and heparin-impregnated materials which 
have additional benefits.

• Common venous access sites for catheter insertion include the internal jugu-
lar and femoral veins. The basilic, cephalic and brachial veins in the arm are 
also commonly used for placement of peripherally-inserted central catheters 
(PICC).
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8.2  Procedure Indications

• Requirement for prolonged intravenous medications, such as antimicrobials in 
prosthetic joint infections, osteomyelitis, endocarditis and ventriculitis.

• Administration of substances not suitable to the peripheral venous route due to 
risk of sclerosis or extravasation, such as total parenteral nutrition, chemotherapy 
and hyper/hypoosmolar solutions.

• Monitoring of central venous pressures.
• Lack of suitable peripheral access (often in long-stay patients following serial phle-

botomy and cannulation, or in patients with subcutaneous oedema or obesity).
• PICC lines are appropriate for short-to-intermediate durations (days to weeks). 

Patients requiring over 30 days access may benefit from a tunneled catheter due 
to lower infection risk.

• Prolonged regular outpatient therapy, such as chemotherapy or antibiotics may 
benefit from implanted vascular access ports (also known as Portacaths). These 
devices have lower infection rates and have less restriction on activities of daily 
living, such as showering or swimming.

• Wide-bore access such as tunneled catheters are used when high-flow venous 
access is required in haemodialysis and plasmapheresis. As regular, prolonged 
venous access is required, these lines are tunneled under the skin, with only the 
catheter hubs visible externally for access.

8.3  Procedure Contraindications

• No suitable vein for access due to thrombosis or occlusion
• Infection or cellulitis in the overlying cutaneous access site
• Uncontrolled systemic sepsis (relative)
• Systemic coagulopathy (relative)

8.4  Patient Preparation

• Review indication, required duration and patient-specific factors to ensure appro-
priate device selection. Patient counselling regarding the immediate and long- 
term care of the access device.

• Assess for allergies including intolerance to adhesives and dressings (certain devices 
such as PICC lines require prolonged use of adhesives and skin dressings).

• PICC and non-tunneled central venous lines are inserted under local anaesthesia. 
Conscious sedation is reserved for tunneled access or port implantation, or in 
selected patients who may not tolerate the procedure due to anxiety or confusion.

• Where sedation is required, the patient should fast for at least 6 h and have appro-
priate peripheral intravenous access.

• Full blood count and coagulation screen should be performed in patients on anti-
coagulation, with an underlying coagulopathy or when a tunneled device or port 
is being implanted. A target INR <1.5 and platelets count of >50,000 is generally 
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chosen by most operators. Coagulopathy is not an absolute contraindication as 
superficial access sites (e.g. for PICC) are easily compressible.

• The use of prophylactic pre-procedural antibiotics is not supported by current 
evidence.

8.5  Complications

• Overall risk of a major complication is <3%.
• Prolonged duration, heavy bacterial colonisation of the insertion site and catheter 

hub, and the use of groin access (femoral vein) are all associated with higher 
rates of complications.

Specific complications and incidences include:

• Infection, both cellulitis and central-line associated blood stream infection 
(CLASBI) (1–3% at time of procedure, incidence increases with duration)

• Venous thrombosis, stenosis or occlusion (4%)
• Arterial puncture (1–4%)
• Air embolus (1%)
• Pneumothorax / Haemothorax (1% incidence in subclavian / jugular puncture 

only)
• Haematoma (1–3%)
• Sedation-related cardiovascular complications and anaphylaxis.

8.6  Procedures

8.6.1  Non-tunneled Catheters (Including Central Lines 
and PICC)

• Following review of the clinical indication and duration, the appropriate vascular 
access device and insertion site are chosen. Written informed consent is obtained and 
the procedure is performed under strict sterile technique and imaging guidance.

• The patient is typically positioned supine on the fluoroscopy table. Using ultra-
sound guidance, the proposed puncture site is examined. The patency and calibre 
of the target vessel is assessed. Doppler imaging is used to assess the venous 
waveform and flow. Vessel compressibility, the presence of valves and examina-
tion of the vessel wall confirms both vessel patency and venous access rather 
than arterial access. Adjacent structures such as arteries, lymph nodes and organs 
are noted to avoid inadvertent puncture.

• Local anaesthesia is infiltrated at the access site. Using real-time ultrasound guid-
ance and the Seldinger technique (See Chap. 3), a vascular access needle is advanced 
and the vein is punctured. Venous flashback is confirmed in the vessel hub by aspira-
tion. A guidewire is then advanced through the needle into the vein. Fluoroscopy is 
used to track the position of the guidewire within the vein. Advancing the guidewire 
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tip across the diaphragm confirms appropriate placement within the venous system, 
along the path of the superior vena cava – right atrium – inferior vena cava and 
avoids inadvertent insertion into the azygos or collateral veins.

• The catheter length is chosen to allow placement of the tip at the cavoatrial junc-
tion. Larger devices typically require the use of fascial dilators to enlarge the 
venotomy tract to an appropriate width. The catheter is advanced, and the tip is 
positioned is confirmed with fluoroscopy.

• The catheter is aspirated and flushed to confirm appropriate function and the line 
is flushed and primed with heparinised sterile saline. The external portion of the 
line is sutured or secured in place using a skin-adhesive dressing.

8.6.2  Tunneled Catheters (Haemodialysis and Hickman 
Catheters)

• High-flow vascular access is required for procedures such as haemodialysis or 
plasmapheresis and requires larger diameter catheters, generally between 12 and 
16 French size. These catheters are too large for a peripheral vein, and require a 
large central vein for insertion. The most common initial location is the right IJV, 
which has a wide diameter with a straight course leading to the right atrium.

• Once the jugular vein has been successfully punctured, a separate incision is 
made on the upper anterior chest wall. A tract through the subcutaneous soft tis-
sue is created by blunt dissection and the catheter tip is passed along the subcu-
taneous chest wall tract to the venotomy site. The catheter tip is subsequently 
advanced through a peel-away sheath into the IJV and advanced to the level of 
the right atrium under fluoroscopic guidance.

• The catheter hub is then secured in place to the chest wall with anchoring sutures 
and the skin incision overlying the venous puncture site is sutured over. This tun-
neling improves device stability and reduces risk of infection.

8.6.3  Implanted Vascular Access Port (Portacath)

• Implantable ports are inserted using a similar technique as described above for tun-
neled line insertion. With a tunneled line, the catheter hub remains external to the 
patient. Implantable ports are completely buried within the chest wall soft tissue.

• A small incision is used to create a subcutaneous pocket which will accommodate 
the port reservoir (Fig. 8.1 arrowhead). Once the device is inserted, with the dia-
phragm of the port facing upwards for puncture, the overlying skin is sutured over. 
The port is then punctured through the skin using a Huber needle as required.

• As the port device is completely internalised in the body, there is a lower risk of 
infection and less impact on activities of daily living such as showering or swim-
ming, compared to other catheters with exposed hubs which have to be kept dry.
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8.7  Post Procedure Care and Review

• Haemostasis, line function and position should be checked at the end of each 
procedure by the operator. For tunneled or implantable port insertion, patients 
should be observed for 6 h in a recovery area or day ward if performed on an 
outpatient basis.

• The line should be primed and locked with an appropriate solution to prevent 
thrombosis after each use. Generally, heparinised saline is used for PICC lines 
and heparin or sodium citrate solutions for larger diameter lines depending on 
manufacturer’s recommendations.

• Thrombolytic agents such as alteplase or urokinase may be helpful to restore 
potency to a nonfunctioning line.

• In patients with sepsis of unknown origin and an indwelling central venous line, 
negative blood cultures withdrawn from the line demonstrates a high negative 
predictive value of up to 98% in the exclusion of line sepsis. A “watchful wait” 
approach may be appropriate in this setting. Culture positive lines should be 
removed and sent for culture and sensitivity.

• PICC lines may be removed by non-specialist medical staff under sterile tech-
nique followed by compression to the access site to secure haemostasis.

• Removal of tunneled or implanted devices should only be performed by experi-
enced personnel.

Fig. 8.1 Vascular access port (left) and tunneled dual-lumen haemodialysis catheter (right). Note 
the access port consists of a small diameter line (8 French) attached to a low-profile reservoir 
(arrowhead), allowing complete subcutaneous burial. The tunneled dialysis catheter is of larger 
diameter (14 French) has two lumens. The polyester cuff (arrow) anchors the line by causing for-
mation of scar tissue and also provides a barrier against infection
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Case
A 60-year old patient with end stage kidney disease secondary to diabetic 
nephropathy required vascular access for commencement of haemodialysis. 
He underwent insertion of a tunneled haemodialysis catheter in the Interventional 
Radiology angiographic suite (Fig. 8.2).

8.8  Results

• Success rates for image-guided placement of non-tunneled and tunneled central 
lines, PICC and implantable ports are all ≥95%.

• Rates of major morbidity at insertion are <3%.
• Rates of central line associated blood-stream infection (CLASBI) are 8.6 per 

1000 catheter days.
• Rates of line thrombosis/occlusion are 1.2–3 per per 1000 catheter days.

a b

IJV

CCA

Fig. 8.2 Tunneled haemodialysis catheter insertion. (a) Patient positioned supine with the 
head turned to the left. A sterile drape has been placed over the right lower neck and upper 
chest. The approximate positions of the right internal jugular vein (IJV, blue) and common 
carotid artery (CCA, red) are indicated. (b) Duplex ultrasound of the neck vessels showing 
the IJV and CCA. (c) Under ultrasound guidance, the IJV is accessed with a 21 gauge 
micropuncture access needle (arrow). (d) Following access into the vein, a guidewire 
(arrow) is advanced into the IJV, superior vena cava and then into the inferior vena cava. 
Over the guidewire, serial fascial dilators are advanced through the venotomy site and a 
peel-away sheath is placed (arrowhead). (e) The tunneled dialysis catheter is passed subcu-
taneously through a “tunnel” formed by blunt dissection until its tip emerges at the level of 
the venotomy. (f) The catheter tip is then passed through the sheath until the entire catheter, 
except the access hubs, is internalised. The venotomy site is closed with a suture and the 
catheter is anchored to the skin with sutures. (g) Final position of the catheter tip within the 
right atrium (arrow) is confirmed on fluoroscopy
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Fig. 8.2 (continued)
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Key Points
• Venous access device placement either through a peripheral or central vein 

can be safely performed for a variety of clinical indications.
• The choice of venous access device and the site of insertion vary depend-

ing on clinical indication, duration of thera and individual patient factors.
• The use of imaging guidance such as ultrasound and fluoroscopy increases 

the safety of the procedure and minimises the risk of inadvertent arterial 
puncture, injury of surrounding structures and device malpositioning.

• Overall complication rates are low. The most commonly encountered 
intermediate to long-term complications include infection and thrombosis, 
both of which relate to the site and duration of device insertion.
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9Venous Thromboembolism and IVC 
Filters

Michael Lee

9.1  Introduction

• 1.6 million people in the EU develop venous thromboembolism every year with 
0.5 million deaths.

• More patients die in the UK from venous thromboembolism (VTE) than com-
bined totals from breast cancer, road traffic accidents and AIDS (NICE 2009).

• VTE cost for Australia in 2008 was 3.9 Billion Dollars, which was more than the 
entire cancer treatment spend.

• Rudolf Virchow (1821–1902) bestowed the name embolus on venous thrombo-
embolism in 1856 when he said “the detachment of larger or smaller fragments 
from the end of the softening thrombus, which are carried along be the current of 
blood and driven into remote vessels. This gives rise to the very frequent process 
on which I have bestowed the name (EMBOLIA)”.

• Virchow also gave his name to Virchow’s Triad, which predisposes to VTE, 
namely, hypercoagulable states, haemodynamic changes (stasis) and endothelial 
injury or dysfunction.

• Pulmonary emboli usually arise from thrombi that originate in the deep venous 
system of the lower extremities. They can also arise from pelvic, renal, upper 
extremity veins or right heart chambers.

• Treatment is by full anticoagulation for all patients suspected of having VTE. This 
is usually achieved by starting the patient on low molecular weighted Heparin 
(LMWH) with oral anticoagulation (Warfarin) initiated at the time of diagnosis 
and LMWH discontinued when the INR is 2.0 for at least 24 h, but no sooner 
than 5 days after Warfarin therapy has been commenced.
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• In some patients, anticoagulation is either contraindicated or there has been a 
complication associated with anticoagulation so that it has to be stopped. An 
inferior vena cava (IVC) filter can be placed in these patients to protect against 
further pulmonary emboli.

9.2  Indications for IVC Filter

 1. Patients with acute VTE with an absolute contraindication to anticoagulant ther-
apy (e.g. recent surgery, haemorrhagic stroke, significant active or recent 
bleeding).

 2. Patients who have documented recurrent VTE despite adequate anticoagulant 
therapy.

 3. Originally, IVC filters were all permanent devices. In the last 15–20 years, 
retrievable devices have entered the market. These devices can be inserted percu-
taneously and removed once anticoagulation can be resumed. The retrievable 
filters have dramatically increased the rate of placement of IVC filters for pro-
phylactic indications (trauma patients, bariatric surgery patients, patients pend-
ing surgery with a remote history of DVT or PE etc.). However, there is no 
evidence for placing IVC filters for VTE prophylaxis.

9.3  Contraindications

 1. No femoral or jugular vein access – very rare
 2. Septicemia

9.4  Patient Preparation

• Patients should be fasting from midnight of the previous day.
• A careful review of the indication should be performed to determine if the filter 

is warranted.
• Anticoagulation does not have to be stopped as the puncture site is venous.
• A decision should be made whether the filter is to be retrieved or would be or left 

as a permanent filter.
• If the filter is to be retrieved, a date should be set to retrieve the filter.
• Retrievable filters are best retrieved within 3 months of placement.

9.5  Procedure Description

 1. IVC filters can be placed via the jugular veins or femoral veins. Some filters can 
be placed from an arm vein.
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 2. Ultrasound is used to puncture the femoral or jugular vein and a large sheath is 
placed into the inferior vena cava. Contrast material is injected through this 
sheath to measure the size of the cava and locate the level of the renal veins.

 3. The IVC filter is released into the cava just below the level of the renal veins and 
is usually held in the caval wall by hooks, which are attached to the legs or arms 
of the filter.

 4. A further injection of contrast material is performed to check centering in the 
cava and to ensure no thrombus has formed.

 5. If the filter is to be retrieved, it is usually retrieved from the right jugular vein 
using a snare or a grasping forceps type device to snag the top of the filter. The 
filter is then retrieved by sliding a large sheath over the filter and removing it.

9.6  Filter Descriptions

• Many different filter designs are available. Most have hooks on some part of the 
filter structure that embed in the caval wall. This prevents migration.

• Most have an umbrella or conical type configuration.
• The filter comes with a large sheath through which the filter is placed and released 

in the cava.

9.7  Complications

 1. Access site complications – haematoma and thrombosis <1%
 2. Technical problems during insertion of insertion failure – 1–3%
 3. IVC penetration by filter struts – 19%, usually asymptomatic
 4. Filter migration to the heart-rare <1%
 5. Filter fracture reported with certain types only <2%
 6. IVC thrombosis with permanent filters – 4–8%

9.8  Filter Retrieval

• Retrieval rate is 92–95%
• If filters are placed with an intent to retrieve, the onus is on the IR service and 

referring clinical team to ensure that the filter is removed.
• Filters are generally removed via the right internal jugular vein using a snare or 

grasping forceps to engage the hook on the top of the filter.
• Filter tilt and endothelialisation (filter legs get incorporated into the caval wall) 

of the filter present difficulties for retrieval. Advanced techniques are available to 
remove these filters.

• The sooner the filter is retrieved, the better. Ideally filters should be removed 
within 3 months as the chances of success are highest in this time period (Fig. 9.1).
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Fig. 9.1 Typical Conical 
Filter type. Note the hook 
on the top of the filter 
(arrowhead) for snaring 
and removal. Small hooks 
(arrows) are also seen on 
each of the legs that attach 
to filter to the caval wall

Case
A 30-year-old man with testicular cancer was referred for a retroperitoneal 
lymph node dissection for residual tumor post-chemotherapy. The surgery 
was uneventful but he developed a PE 3 days after surgery. Because of the 
recent surgery, he could not be anticoagulated and an IVC filter was placed. 
Six weeks later, when the patient was fully anticoagulated, the IVC filter was 
retrieved (Fig. 9.2).

Fig. 9.2 (a) Filter inerted in the IVC from the jugular route. (b) Six weeks later, the IVC 
filter was retrieved using a right jugular vein approach. A snare has been advanced through 
a long sheath and on this image, the hook on the end of the filter has been snared (arrow). 
(c) The sheath (arrow) is then advanced over the filter. (d) The sheath is then pushed down 
over the filter to collapse the filter and in this image the filter is now fully within the sheath 
and ready to be withdrawn. A final injection of contrast material is done to confirm that the 
cava has not been damaged and then the sheath is removed
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Key Points
• Venous thromboembolism (VTE) remains a significant healthcare problem 

throughout the World.
• IVC filters can be placed in patients with VTE who cannot receive anti-

coagulation or who have failed anticoagulation.
• Retrievable IVC filters can be placed in patients where there is a high risk of 

VTE where prophylaxis is required (before surgery if there is a remote history 
of VTE, multiple trauma patients, before bariatric surgery) and removed at a 
later date. However, evidence for prophylactic placement is limited.

• There is a 92%–95% success rate for removal if removed within 3 months 
of placement.
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10Venous Thromboembolism and DVT 
Thrombolysis/Thrombectomy

Michael Lee

10.1  Introduction

• The incidence of DVT in the general population is around 5 per 10,000 per annum 
(1 in 2000) and an additional 1 to 2 per 10,000 will have a new DVT combined 
with pulmonary embolism. The incidence is strongly age related in the popula-
tion and is comparable in men and women.

• There are some factors, which increase the risk of DVT within subgroups of the 
general population.
 a. These include institutionalization with an 8-fold increase, which rises to 22 

fold if accompanied by surgery.
 b. Trauma is associated with a 13-fold increase and malignancy with a 5-fold 

increase in risk.
 c. Women using the oral contraceptive pill or hormone replacement therapy 

have around a 2–4 fold increase.
 d. Inherited or acquired thrombophilia also increases the rise substantially

10.2  Natural History of DVT

• The natural history of DVT is that thrombus usually begins in the calf often in the 
cusp of a venous valve. A platelet cluster builds and grows towards the center 
with alternating layers of fibrin and red cells trapped between the layers of 
platelets.

• The thrombus initiates an inflammatory response from the endothelium leading 
to organization and eventual endothelialisation causes clot retraction.
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• Retraction and organisation eventually leads to recanalisation and endothelialisation.
• Retraction occurs between 5 and 10 days, but during this time period embolisa-

tion of the thrombus to the pulmonary arteries can occur. Embolisation is more 
common with thrombus above the knee than below the knee.

• The retraction and recanalisation process often leads to destruction of the venous 
valves, which can lead to post thrombotic syndrome.

10.3  Post Thrombotic Syndrome

• After an acute DVT, up to 50% of patients develop post thrombotic syndrome 
(PTS) and 3–10% of these will have severe PTS. In particular, up to 75% of 
patients with iliofemoral DVT treated by anticoagulation alone will have chronic 
painful oedema and 40% will develop venous claudication.

• PTS is characterised by pain, swelling, heaviness, fatigue, itching, paraesthesia 
and venous claudication.

• Clinical signs of PTS include: oedema, venous ectasia, varicose veins, erythema, 
cyanosis, hyperpigmentation, lipodermatosclerosis and ulceration.

• Risk factors for PTS include residual thrombus in the first 3–4 weeks after a 
DVT, residual venous symptoms and signs at 1-month post DVT. Sub- therapeutic 
Warfarin therapy, recurrent DVT, thrombophilia and iliofemoral DVT treated by 
anticoagulation alone.

• PTS decreases quality of life and affects productivity. Over two million work 
days are lost annually in the US from leg ulcers and physical QOL in PTS is 
worse than QOL for osteoarthritis, angina and chronic lung disease.

• Current therapies for acute DVT are not thrombolytic, in other words, anticoagu-
lation does not break up clot already formed. The goal of anticoagulant therapy 
is the prevention of pulmonary embolus, recurrent DVT and the prevention of 
thrombus propagation.

• Theoretically, techniques that dissolve or remove thrombus may prevent 
venous valve destruction and prevent PTS. Evidence is accruing to support this 
theory.

10.4  Methods of Thrombus Removal

• Catheter Directed Thrombolysis. The popliteal vein is accessed under ultra-
sound guidance and a long multi-sidehole infusion catheter is inserted from 
the popliteal vein to the iliac vein, recombinant tissue plasminogen inhibitor 
(r-tPA, alteplase) is infused as a 5–10 mg bolus and as a 1–2 mg per hour infu-
sion over night. Studies have shown that complete lysis and venous patency is 
higher after catheter directed lysis. PTS and leg ulceration is significantly 
reduced, but bleeding complications are more common including intracranial 
haemorrhage.
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• Mechanical thrombectomy or pharmacomechanical thrombectomy. Mechanical 
thrombectomy refers to thrombus removal using a device that either aspirates, mac-
erates or vacuums clot. Many such devices are on the market. Pharmacomechanical 
thrombectomy refers to a mechanical device that is used in conjunction with a 
thrombolytic drug, commonly r-tPA.

• Pharmacomechanical thrombectomy costs less than catheter directed thromboly-
sis, can be performed in a single session in almost 80% of patients and does not 
have the same bleeding complications. Therefore there has been a move towards 
pharmacomechanical thrombectomy.

• It is important to realize that these therapies are performed in conjunction with 
standard anti-coagulation therapy.

10.5  Indications

• Currently, the main indication is patients with acute iliofemoral DVT (within 
14 days), which has the highest incidence of PTS.

• An NIH study called the ATTRACT Trial has been recruiting for the last 4 years 
and will be reporting in 2017. The ATTRACT Trial will compare pharmacome-
chanical thrombectomy and anti-coagulation versus anti-coagulation alone for 
patients with both iliofemoral DVT and femoral DVT alone. The results of this 
trial are eagerly anticipated.

10.6  Contraindications

 1. DVT that is more than 14 days old
 2. Septicemia

10.7  Patient Preparation

• Patients should be fasting from midnight of the previous day.
• An IVC filter should be placed in selected patients before pharmacomechanical 

thrombectomy to prevent pulmonary embolism.
• Anti-coagulation should not be stopped for the procedure.

10.8  Procedure Description

• An IVC filter is first placed from a jugular route.
• Ultrasound-guided puncture of the popliteal vein if the thrombus is present from 

the iliac vein to the knee or the femoral vein is punctured if the clot is limited to 
the iliac segment. Contrast material is injected through an inserted sheath to doc-
ument the extent of the thrombus.
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• The device to be used is inserted and a number of passes made, usually with 
r-tPA also infused.

• The thrombus is completely removed usually within 2–3 h.
• Any residual stenosis in the iliac vein is stented with a venous stent (14–16 mm). 

A vascular sheath is left in situ and a further venogram performed the next day to 
ensure complete thrombus removal.

10.9  Complications

• Local complications such as bleeding at the puncture site are generally rare as 
this is a venous puncture in a low pressure system as apposed to an arterial 
puncture.

• Pulmonary embolus is also rare and the incidence is almost negligible with an 
IVC filter in place.

• Spontaneous bleeding complications are more common with catheter directed 
thrombolysis alone and much less common with pharmacomechanical 
thrombectomy.

Case
A 24-year-old woman on the oral contraceptive pill presented with sudden 
onset of dyspnoea and pleuritic chest pain. CT pulmonary angiogram con-
firmed a saddle pulmonary embolus with extension into both main pulmonary 
arteries. She was started on heparin and because she was also complaining of 
right groin pain, a duplex US was performed. Duplex US confirmed an above 
knee DVT extending into the iliac vein and lower IVC (Fig. 10.1).

Fig. 10.1 (a) CTPA showing saddle pulmonary embolus (arrows). (b) Because of the 
extensive thrombus extending into the IVC, it was decided to perform DVT pharmacome-
chanical thrombectomy. The image shows an injection of contrast material into the IVC 
after placement of a retrievable filter. Note the abrupt cut-off of the lower IVC because of 
thrombus filling the lumen (arrows). (c) Under US guidance, the popliteal vein was accessed 
and a sheath inserted. Through this an AngioJet thrombectomy device (Boston Scientific, 
Galway, Ireland) was used in conjunction with r-tPA to remove the clot from the leg and 
IVC. The image above shows an initial injection confirming clot within the femoral vein 
(arrows). (d) After a number of passes with the AngioJet thrombectomy device, the entire 
clot was removed. The IVC filter was removed at a later date
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c d

Fig. 10.1 (continued)

Key Points
• DVT can be associated with Post-Thrombotic Syndrome in up to 50% of 

patients.
• PTS occurs in up to 75% of patients with ilio-femoral DVT treated by 

anticoagulation alone and can be severe.
• Thrombus can be removed either by catheter directed thrombolysis using 

t-tPA, but at an increased risk of bleeding complications.
• Pharmacomechanical thrombectomy using a combination of low dose 

r-tPA and a mechanical device is now favoured for thrombus removal.
• Thrombus removal techniques should be confined to patients with ileo-

femoral deep venous thrombosis or IVC thrombosis.
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11Transjugular Intrahepatic Portosystemic 
Shunt (TIPS)

Hong Kuan Kok

11.1  Introduction

• Portal hypertension results from increased resistance to portal venous flow in 
patients with chronic liver disease and cirrhosis. Clinical manifestations of portal 
hypertension include ascites and gastro-oesophageal varices. Patients may also 
present with hepatic encephalopathy.

• The first line of management for ascites in chronic liver disease consists of medi-
cal therapy including diuretics (e.g. spironolactone) and dietary salt restriction 
followed by large volume paracentesis if conservative measures alone are 
unsuccessful.

• Management of gastro-oesophageal varices on the other hand is directed at 
reducing risk of bleeding and this is accomplished through the use of beta- 
blockers (e.g. propanolol) and prophylactic endoscopic banding of varices.

• In patients presenting with acute variceal haemorrhage, emergency resuscitation, 
urgent endoscopic ligation and use of vasoactive agents such as terlipressin or 
octreotide are the mainstay of initial management. Occasionally, local tampon-
ade of the varices using a Sengstaken-Blakemore tube may be required pending 
more definitive management.

• TIPS is a complementary, minimally invasive procedure performed to reduce 
portal venous pressures and involves the creation of an artificial shunt between 
the portal and systemic venous circulation (portosystemic shunt) in patients with 
portal hypertension. In particular, TIPS has a major role to play in the treatment 
of refractory ascites or hydrothroax, where medical therapy has failed and vari-
ceal haemorrhage, in both prophylactic and acute settings.
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11.2  Indications

• Prophylaxis for recurrent variceal haemorrhage
• Bleeding gastric varices which are difficult to treat endoscopically
• Acute refractory variceal haemorrhage, not responding to medical or endoscopic 

therapy
• Refractory ascites or hepatic hydrothorax
• Hepatorenal or hepatopulmonary syndrome
• Portal hypertensive gastropathy
• Budd-Chiari syndrome

11.3  Contraindications

• Severe uncorrectable systemic coagulopathy
• Sepsis
• Severe right heart failure – the increased venous return to the right heart from the 

portosystemic shunt can precipitate cardiac decompensation
• Advanced hepatic encephalopathy – transient encephalopathy is common fol-

lowing TIPS and could worsen pre-existing encephalopathy
• Advanced liver failure as measured by Model for End-stage Liver Disease 

(MELD) or Child-Pugh scores, predicting poorer outcomes following TIPS
• Extensive portal vein thrombosis

11.4  Patient Preparation

• Comprehensive review of symptoms, signs, investigations and imaging with 
input from referring clinicians, hepatology services and interventional 
radiology.

• Typically performed as an inpatient procedure, either acutely or electively depend-
ing on the clinical context. Most cases are performed under general anaesthesia as 
this can be a long and painful procedure taking 2–3 h to complete.

• Fasting for at least 6 hours prior to the procedure, with anaesthetics pre- operative 
review as appropriate.

• Intravenous access, ideally at least 18 gauge for IV fluid infusion, sedation and 
resuscitation measures.

• Blood investigations including a contemporaneous full blood count, renal func-
tion tests and coagulation studies. Most operators would use a cut-off interna-
tional normalised ratio (INR) of less than 1.5 and platelet count of greater than 
50,000.

• Systemic coagulopathy and thrombocytopaenia which is not infrequently seen in 
patients with chronic liver disease will need particular attention and management 
prior to the procedure.
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11.5  Procedure

• The right internal jugular vein is accessed under ultrasound guidance using the 
Seldinger technique. A long 10 French vascular sheath is placed over a guidewire 
and the tip is positioned in the IVC.

• Using an angled tip angiographic catheter, a branch of the hepatic vein (usually 
middle or right) is catheterised. A curved TIPS needle is then advanced through 
the liver parenchyma to cannulate a branch of the portal vein, creating an intra-
hepatic tract (Fig. 11.1a and 11.3).

• Pressure measurements are taken within the systemic and portal venous systems 
to calculate a mean portosystemic pressure gradient.

• A TIPS covered stent-graft is then deployed across the tract created between the 
hepatic (systemic) and portal veins. The stent has an uncovered portion that sits 
in the portal vein to allow continued flow from the portal vein to the liver 
(Fig. 11.1b and 11.3c).

• The stent is dilated with an angioplasty balloon to achieve the desired mean por-
tosystemic pressure gradient reduction of <12 mmHg.

• Any varices which have bled can be embolised during the TIPS procedure.
• Haemostasis is achieved at the jugular puncture site with manual compression.

b

a IVC

HV

TIPS

PV
Fig. 11.1 (a) Diagram of 
the TIPS procedure 
showing placement of a 
TIPS stent graft (arrow) 
between the right hepatic 
vein (HV) and right portal 
vein branch (PV). (b) 
Typical TIPS stent-graft 
(Gore Viatorr) with a short 
uncovered portion (solid 
arrow) which is deployed 
in the portal vein and 
longer PTFE covered 
portion (dashed arrow) 
which is deployed across 
the intrahepatic tract and 
hepatic vein
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11.6  Results

• TIPS is highly effective in reducing the incidence of variceal rebleeding when 
compared to endoscopic therapy (18% versus 66% at 2 years).

• Better control of refractory ascites compared to large volume paracentesis and 
may convert diuretic-resistant ascites to diuretic-sensitive ascites.

• May improve renal function in patients with hepatorenal syndrome.
• Effective in treating acute refractory variceal haemorrhage and should be per-

formed in preference to surgery.
• The use of covered TIPS stent-grafts has resulted in good patency rates of 

70–80% at 2 years.

11.7  Complications

• Mortality (1.7%) as a result of vascular or visceral perforation
• Encephalopathy (up to 30%, usually transient and mild)
• Haemorrhage
• Right heart failure from volume overload
• Stent-graft stenosis or occlusion (15–20% at 1 year requiring long term surveil-

lance) (Case 11.2 and Fig 11.4)
• Infection of the implanted stent-graft

11.8  Case Examples

Case 11.1
A 45 year old man with cirrhosis and portal hypertension secondary to chronic 
alcoholic liver disease presents to the Emergency Department with a large 
variceal bleed. He was hypotensive and tachycardic at presentation with a 
haemoglobin level of 6 g/dl. His renal function and coagulation profile were 
normal and his MELD score was 8. He was resuscitated with fluid and blood 
products and underwent urgent upper gastrointestinal endoscopy which con-
firmed multiple oesophageal varices which were banded and injected 
(Fig. 11.2). Two days into his admission, he experienced a second episode of 
variceal haemorrhage which was successfully managed endoscopically. In 
view of these recurrent episodes of variceal haemorrhage, he underwent a 
TIPS procedure to minimise risk of future bleeding (Fig. 11.3).
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Fig. 11.2 Actively 
bleeding gastro-
oesophageal 
varices (arrow) 
seen during the 
initial upper 
gastrointestinal 
endoscopy which 
were banded

Case 11.2
A 58 year old man who previously underwent TIPS presented with an acute 
variceal haemorrhage. Multiple large varices were seen at endoscopy and an 
ultrasound study showed absence of blood flow within the TIPS stent. He was 
brought to the Interventional Radiology suite for a portal venogram and fur-
ther assessment (Fig. 11.4).

a b

PV

HV

c

Fig. 11.3 (a) A vascular sheath and curved needle is passed via the jugular and middle 
hepatic vein into the right portal vein which is opacified with contrast material (arrow). (b) 
Following this, the intrahepatic tract (arrow) is measured and dilated. (c) A TIPS stent-
graft is placed and a venogram shows direct flow of contrast from the portal vein (PV) 
across the stent (arrow) into the hepatic vein (HV), inferior vena cava and right atrium 
(portosystemic shunting)

11 Transjugular Intrahepatic Portosystemic Shunt (TIPS)
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PV

Thrombus

a b

RA

Fig. 11.4 (a) A catheter has been passed via the right internal jugular vein through the 
TIPS stent into the portal vein (PV). Contrast injection shows a filling defect consistent 
with thrombus within the portal vein and absence of flow through the TIPS stent confirming 
occlusion (white arrow). Multiple tortuous varices (black arrows) are seen surrounding the 
stomach and gastrooesophageal junction secondary to underlying portal hypertension and 
are responsible for the patient’s acute presentation. (b) The TIPS stent (arrow) was suc-
cessfully recanalised and the final venogram showed hepatopetal flow in the portal vein 
towards the right atrium (RA) with no residual flow within the varices

11.9  Post-procedure Care and Review

• Observation of vital signs and access site for local complications.
• Monitor for new or worsening encephalopathy. This is usually transient but may 

require adjunctive medical therapy with protein-restriction diets, lactulose, anti-
biotics and correction of biochemical and electrolyte abnormalities.

• Refractory severe encephalopathy may require reduction of the TIPS shunt using 
endovascular techniques to narrow the maximum diameter of the stent.

• Follow-up in accordance to local practice, typically with a baseline ultrasound 
study following the TIPS procedure and at 3–6 monthly intervals thereafter to 
monitor for development of stenosis or occlusion of the stent.

11.10  Discussion

• TIPS is an effective and minimally invasive procedure for the treatment of com-
plications secondary to portal hypertension, most commonly variceal haemor-
rhage and refractory ascites.

• It involves creation of an intrahepatic shunt between a branch of the hepatic vein 
and portal vein followed by placement of a stent to maintain patency of the shunt 
tract, thereby reducing portal venous pressures.
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• During the procedure, portal and systemic venous pressures are measured from 
the portal vein and right atrium respectively to calculate a portosystemic pressure 
gradient. This can be used to guide the degree of shunting required by limiting 
the maximum stent diameter during balloon dilatation. The target portosystemic 
pressure gradient is <12 mmHg.

• In contemporary practice, covered stent-grafts are placed as these devices have 
been shown to have superior patency rates (70–80% 2 year primary patency 
rates) over uncovered stents. However, regular imaging surveillance with ultra-
sound is required to detect complications such as stenosis and stent occlusion so 
that timely intervention can be performed.

• Embolisation of gastric and gastrooesophageal varices can also be performed 
during the TIPS procedure as further prophylaxis against future haemorrhage.

• Taking into account the significant medical co-morbidities and severity of under-
lying illness in patients with portal hypertension, TIPS procedures are performed 
in a relatively high-risk patient population. Complications from a TIPS proce-
dure can range from transient encephalopathy (seen in up to 30%) to mortality 
from the procedure.

Further Reading

 1. Kaufmann JA, Lee MJ. Vascular and Interventional Radiology: the Requisites. 2nd ed. Elsevier 
Saunders, Philadelphia. 2013.
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hepatic portosystemic shunt (TIPS). Cardiovasc Intervent Radiol. 2012;35:1295–300.

 3. Pomier-Layrargues G, Villeneuve JP, Deschênes M, et al. Transjugular intrahepatic portosys-
temic shunt (TIPS) versus endoscopic variceal ligation in the prevention of variceal rebleeding 
in patients with cirrhosis: a randomised trial. Gut. 2001;48:390–6.

Key Points
• TIPS involves the creation of a portosystemic shunt in patients with portal 

hypertension. Common indications are acute variceal haemorrhage, pro-
phylaxis against variceal rebleeding and refractory ascites.

• Hepatic encephalopathy is relatively common following TIPS and is usu-
ally transient.

• Patients require long-term clinical and imaging surveillance.
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12Percutaneous Renal and Ureteric 
Intervention

Elizabeth Ryan

12.1  Introduction

• Percutaneous urinary intervention is based upon needle and guidewire access to 
the urinary tract to facilitate decompression and stenting of obstruction from 
benign (e.g. renal or ureteric stones) or malignant disease.

• Open renal surgery for treatment of stone disease has now largely been replaced, 
with a significant associated reduction in morbidity.

12.2  Percutaneous Nephrostomy

Percutaneous access to the renal pelvi-caliceal system is performed with ultrasound 
or fluoroscopic guidance.

12.2.1  Indications

• Obstructive uropathy
• Urinary tract injury and urine leak
• Access for percutaneous urinary tract calculus treatment
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12.2.2  Contraindications

• Uncontrolled bleeding diathesis. International normalised ratio (INR) should be 
less than 1.5.

• Patient agitated or unable to lie in the lateral or prone position (usually due to 
respiratory compromise). This is a relative contraindication and may be managed 
by assistance from the Anaesthetic service.

12.2.3  Patient Preparation

• Imaging Review imaging to confirm the indication and assess the degree of 
dilatation.

• Lab Full blood count, coagulation status. International normalised ratio should 
be <1.5 and platelets >50 × 109/L.

• Medications Ideally clopidogrel/warfarin/novel anticoagulant medications 
would be stopped 5 days prior, but as this is usually an urgent or emergency pro-
cedure it is not typically feasible. Consult with Haematology to optimise coagu-
lation status if necessary.

• Antibiotics Rapid life-threatening septic shock may follow percutaneous 
instrumentation in the setting of an obstructed infected pelvicaliceal system 
(known as a pyonephrosis). The patient should be adequately covered with 
appropriate intravenous antibiotics. Consult Microbiology for advice if 
necessary.

• Fasting Clear fluids are allowed up to 2 h pre-procedure; fasting for all other 
intake for at least 6–8 h.

• IV access
• Written informed consent should be documented after discussed of the pro-

cedure and its benefits, risks and alternatives.

12.2.4  Technique

• Prone or prone-oblique position ideally; lateral is possible but more difficult.
• Percutaneous passage of an access needle (18–22G depending on operator expe-

rience and preference) under image guidance. This is usually ultrasound-guided 
but may also be performed under fluoroscopy.

• When the needle tip enters the calyx, urine may be aspirated or may flow freely 
(indicating the system is under pressure).

• A small amount (5 ml or less) of iodinated contrast is injected to opacify the col-
lecting system.

• A guidewire is passed through the access needle and curled in the renal pelvis, or 
ideally passed down the ureter if possible.

• 21/22G access needle: a microwire is advanced (0.014 inch), then a 3-piece 
trocar- dilator-sheath system (e.g. Accustick or Neff coaxial access system) is 
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passed over the microwire. This facilitates passage of a larger, more robust 
guidewire (0.035 inch), over which a nephrostomy may be placed.

• 18G access needle: proceed directly to placement of a standard 0.035 inch 
guidewire.

• The nephrostomy is a pigtail drainage catheter identical to those described previ-
ously (Image guided Drainage of Fluid Collections). The pigtail helps to secure 
its position. An external secure dressing (e.g. DrainFix) and/or suture can be 
sited for additional support.

12.2.5  Postprocedural Care

• Analgesia as required
• Bed rest for 2–4 h and regular monitoring of vital signs.
• Long-term nephrostomy catheters will require routine exchange. Consult with 

Interventional Radiology regarding appropriate frequency (typically every 
3–6 months).

12.2.6  Complications

• Haemorrhage: blood-staining of the urine is common and usually clears within 
2–3 days. Significant haemorrhage includes frank haematuria, large clots and 
haemorrhage within the parenchyma or outside the kidney and may require 
transfusion and/or intervention. (1–3%)

• Septic shock (1–3%)
• Injury to adjacent structure e.g. bowel, spleen (0.1–0.3%)
• Pneumothorax: associated with upper pole access via an intercostal route, and usu-

ally with large-calibre access tracts for percutaneous stone intervention (<0.1%)

12.3  Percutaneous Antegrade Ureteric Stent Placement

An alternative to external drainage via a percutaneous nephrostomy which is more 
comfortable and manageable for the patient when the requirement is medium- to 
long-term.

12.3.1  Indications

• Benign or malignant ureteric obstruction, including malignant tumours, ureteric 
strictures and retroperitoneal fibrosis.

• Prevention of ureteric obstruction by calculus fragments while undergoing litho-
tripsy for a renal calculus.

• Relief of ureteric calculus obstruction when definitive treatment is deferred to 
allow inflammation to settle.

12 Percutaneous Renal and Ureteric Intervention
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12.3.2  Contraindications

• Acute pyonephrosis: priorities in the emergency setting include fast procedure 
time and minimal instrumentation of the acutely septic urinary tract. Stent place-
ment may be performed several days after nephrostomy catheter placement when 
the acute phase has settled and the system has decompressed.

• Uncontrolled bleeding diathesis.

12.3.3  Patient Preparation

As for percutaneous nephrostomy placement.

12.3.4  Technique

• Prone or prone-oblique position.
• Percutaneous access as for percutaneous nephrostomy. If a nephrostomy is 

already sited, the locking pigtail should be released and a guidewire advanced 
into the pelvicaliceal system via the nephrostomy.

• The guidewire is advanced through the ureter into the bladder with the assistance 
of a catheter

• Antegrade stents are typically deployed over a guidewire and are pushed to an 
appropriate position with a specially-designed pusher. These are double pigtailed 
catheters (i.e. a pigtail at each end) which form their pigtails when the guidewire is 
retracted. Fluoroscopy allows visualisation of position throughout deployment.

• A “safety” nephrostomy may be left in-situ for several days if there is concern 
regarding haematuria and the risk of transient clot obstruction of the stent. This 
almost always resolves spontaneously within 2–3 days due to the lytic effect of 
endogenous urokinase. If a safety nephrostomy is sited, the patient should be 
pain-free with the nephrostomy clamped for 24 h prior to removal.

12.4  Percutaneous Nephrolithotomy (PCNL)

• This minimally invasive procedure has largely replaced open surgical nephro-
lithomy for the treatment of large renal calculi including staghorn calculi.

• Percutaneous access is as described above. The tract is dilated to a large calibre 
to facilitate stone/fragment extraction.

• An endoscope is used to visualise the calculus, which is fragmented using a 
Lithoclast or less commonly laser fragmentation.

• In most centres the procedure is performed in conjunction with a Urologist, who 
may require IR assistance for percutaneous access to the collecting system.

• Patient preparation, contraindications and post-procedural care are as described 
above for percutaneous nephrostomy placement.
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• Complications are as described above. The risk of haemorrhage and pneumotho-
rax are slightly increased due to the large calibre of the access tract but remain 
low (<5%).

Case
This patient presented with flank pain and CT demonstrated an obstructing 
calculus in the ureter with hydronephrosis. On discussion with Urology, it was 
decided to decompress the system via antegrade stent placement, and to per-
form a retrograde ureteroscopy for definitive stone treatment at a later date 
when acute inflammation has settled.

Nephrostomy and antegrade ureteric stent insertion. (a) A needle is inserted into a dilated 
lower pole calyx under ultrasound guidance. (b) Contrast is injected via the needle and fills 
the dilated pelvicaliceal system and ureter, down to the level of obstruction. (c) A guidewire 
is passed through the needle and it passes the ureteric obstruction. (d) A guidewire is passed 
to the urinary bladder and a sheath paased over the guidewire. (e) The stent is pushed over 
the wire and when the wire is retracted the pigtails from in the bladder and renal pelvis. (f) 
A nephrostomy tube is passed over the wire into the renal pelvis. After a day or two, if the 
patient remains well with the nephrostomy clamped it can be removed. 

a

d e f

b c
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Key Points
• Percutaneous nephrostomy placement is used for relief of obstruction of 

the urinary tract due to benign and malignant disease.
• The percutaneous tract may be used to deploy a ureteric stent to bypass an 

obstruction.
• In the setting of large or staghorn renal calculus, a nephrostomy tract may 

be dilated to a large calibre to facilitate fragmentation and removal of the 
calculus. This is known as percutaneous nephrolithotomy.
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13Biliary and Gastrointestinal Intervention

Elizabeth Ryan

• Percutaneous intervention for biliary obstruction, sepsis and stone disease has 
been in existence since the advent of fine-bore needle access in the 1970s, and 
percutaneous cholecystostomy since the 1980s. These treatments have revolu-
tionised biliary intervention, which formerly involved complex and often risky 
surgery.

• Decompression of biliary obstruction via percutaneous drainage may be life- 
saving in the setting of biliary sepsis, offering a bridge to definitive treatment of 
choledocholithiasis. Percutaneous stent placement for benign or malignant stric-
tures offers relief of obstructive jaundice and its associated morbidity.

• Gastrointestinal tract intervention has traditionally been endoscopic or surgical, 
but there is a role for fluoroscopically-guided intervention in certain scenarios. 
Percutaneous gastrostomy placement (also known as Radiologically Inserted 
Gastrostomy or RIG) is an alternative to Percutaneous Endoscopic Gastrostomy 
(PEG).

• Gastrostomy tubes are indicated for long-term supplementation or replacement 
of oral feeding when oral intake is insufficient or contraindicated, for example 
due to neurological swallow impairment.

• The fluoroscopically-guided approach is particularly useful for patients with 
subtotal pharyngeal or oesophageal obstruction where passage of an endoscope 
is unfeasible or fails.

• Gastrointestinal tract stenting (Oesophageal tumors, obstructing colon tumours 
or gastric outlet obstruction) can be performed by endoscopists or Interventional 
Radiologists.
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13.1  Percutaneous Transhepatic Cholangiography (PTC)

• PTC is a technique used to access and image the biliary system. A needle is advanced 
through the abdominal wall and liver into a bile duct under ultrasound or fluoroscopic 
guidance. Contrast medium is then injected to fill the bile ducts, demonstrating the 
degree of dilatation and delineating the site of an obstruction or calculus. It also 
facilitates passage of a guidewire and catheter into the biliary tree for intervention.

• The advent of high quality cross-sectional imaging such as Magnetic Resonance 
Cholangiopancreatography (MRCP) has substantially reduced the role for pri-
mary diagnostic PTC and it is now usually reserved for patients requiring further 
biliary intervention or where non-invasive imaging is inconclusive.

13.1.1  Indications

• Biliary Drainage
 – Biliary obstruction due to benign or malignant strictures or choledocholithiasis.
 – Diversion of bile drainage in the setting of a bile leak (e.g. iatrogenic bile duct 

injury after laparoscopic choleystectomy).
 – Endoscopic retrograde cholangiopancreatography (ERCP) is the preferred access 

route to the biliary system. Transhepatic drainage is considered when ERCP is 
unfeasible (e.g. previous gastric surgery, anatomic variation) or unsuccessful.

 – Biliary drainage and stenting is also preferred for hilar obstructions when 
surgery is not feasible and where endoscopic drainage may not offer long 
term palliation.

• Stenting
 – Plastic stents are used for benign obstruction (strictures, calculi/sludge) and 

require routine 3 monthly change to prevent recurrent obstruction and biliary 
sepsis. Uncovered metallic stents cannot be removed and are reserved for 
malignant obstruction.

 – Plastic stents require a large transhepatic access tract (10 Fr) and are typically 
inserted and changed via ERCP. However, they can also be place transhepati-
cally if required. Metal stents require a smaller access tract (6–9 Fr).

13.1.2  Contraindications

• Uncontrolled bleeding diathesis Patients with jaundice are predisposed to 
coagulopathy due to deranged liver function. Coagulation status should be mea-
sured and coagulopathy corrected prior to proceeding.

• Gross ascites Increases the risk of haemorrhage from the liver as the natural 
tamponade of the abdominal cavity wall is lost. Ascites can be drained prior to 
the procedure.
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13.1.3  Patient Preparation

• Imaging should be reviewed prior to the procedure to confirm the indication 
and choose the appropriate site of access. The patient may need right and left 
lobes of the liver drained separately if there is a hilar lesion and sepsis. (It is often 
unnecessary to drain both in the absence of sepsis, as drainage of 25–30% of the 
liver is adequate to relieve jaundice).

• Lab Full blood count, coagulation status. International normalised ratio should 
be <1.5 and platelets >50 × 109/L, Group and Hold 2 units RCC

• Medications Clopidogrel/warfarin/novel anticoagulant medications should be 
held for a duration appropriate to the specific agent. Obstructed biliary sepsis is 
an emergency and it may be reasonable to proceed without waiting for clearance 
of anticoagulant medications. Given the coexistence of sepsis the risk of haemor-
rhage will be considerable increased and Haematology advice should be sought 
to optimise risk factors.

• Antibiotics Rapid life-threatening septic shock may follow percutaneous 
instrumentation in the setting of obstructed biliary sepsis. The patient should be 
adequately covered with appropriate intravenous antibiotics. Piperacillin/
Tazobactam is the agent of choice because of high concentrations in bile and 
good gram positive and negative coverage

• Fasting Fasting for 8 h before the procedure. IV fluids are administered for 
12 h before the procedure and for 24 h after the procedure

• IV access
• Written informed consent should be documented after discussed of the pro-

cedure and its benefits, risks and alternatives.

13.1.4  Technique

• Supine position.
• Right lobe access: mid-axillary line, 10th intercostal space. Left lobe access: 

epigastric region.
• Ultrasound guidance is typically used for left lobe access, either ultrasound or 

fluoroscopy may be used for right lobe access.
• An appropriate bile duct is punctured with a 21/22G needle and contrast is gently 

injected to outline the biliary tree.
• An 0.014/0.018 inch guidewire is advanced through the needle towards the cen-

tral/hilar ducts. A co-axial trocar-introducer-sheath set is advanced over the 
guidewire, creating a larger access tract which allows passage of a more robust 
0.035 inch guidewire and access sheath.

• A special catheter and hydrophilic guidewire may now be used to cross the 
obstructing lesion and down into the duodenum.
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• Catheter drainage: a percutaneous drainage catheter may be sited and con-
nected to an external drainage bag. Options include
 – a pigtailed drain left in the dilated ducts proximal to the obstruction called 

external drainage
 – an internal-external drain which passes through the obstruction into the duo-

denum. This has side-holes above and below the level of obstruction which 
facilitates drainage to the duodenum, but also allows bile to drain externally if 
internal drainage fails. This has a much more stable position and is less likely 
to inadvertently retract or displace.

• Stenting: a stent may be passed over the guidewire and opened at the level of 
obstruction. Pre- or post-dilatation may be performed with an angioplasty bal-
loon if necessary.

13.1.5  Post-procedure Care

• Analgesia as required.
• Bed rest and frequent monitoring of vital signs for 4 h.

13.1.6  Complications

• Haemorrhage: arterial injury requiring management in 1–2% of cases
• Biliary leak ± peritonitis (<5%)
• Cholangitis (10–15%)

13.2  Percutaneous Cholecystostomy

• A percutaneous pigtail type drain may be sited within the gallbladder for drain-
age in certain clinical circumstances.

• The drain will need to remain in place until the process of healing has formed a 
tract around the drainage catheter, to prevent leakage of gallbladder contents into 
the abdominal cavity. This typically takes at least 4–6 weeks.

Indications: Cholecystostomy placement is reserved for

• Gallbladder empyema.
• Haemorrhagic cholecystitis and acalculous cholecystitis, typically in very ill patients 

with multi-organ dysfunction and diminished capacity to withstand acute sepsis.
• Elderly patients with acute cholecystitis who fail conservative management and 

in whom acute surgery is deemed to be “high-risk”.
• Access for biliary drainage following failed ERCP and PTC (rarely required).
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13.2.1  Contraindications

• Uncontrolled bleeding diathesis and large volume ascites are relative contraindi-
cations but can usually be treated to facilitate the procedure.

13.2.2  Patient Preparation

Patient preparation as for percutaneous biliary drainage. Additional considerations:

• This is often an emergency procedure and increased risk of haemorrhage with 
antiplatelet agents and NOACs may need to be accepted if delay is considered a 
greater risk to the patient.

• Consult Microbiology for advice regarding antibiotic cover for complicated 
cases - particularly for very ill patients with multi-organ dysfunction and multi-
factorial acute illness (as is often the case for these procedures).

• Remember to advise the patient that the drain will remain in place for at least 
weeks 4–6 weeks. If the patient is medically fit for cholecystectomy the drain 
will remain in place until surgery.

13.2.3  Technique

• Supine position
• Ultrasound guidance for needle access to the gallbladder lumen.
• An inflamed gallbladder adherent to the anterior abdominal wall may be punc-

tured directly. Alternatively, a transhepatic route is often advocated in order to 
reduce the risk of leakage into the peritoneum (a small leak around the tube will 
be contained between the gallbladder and liver).

• Once aspiration of contents confirms luminal placement of the needle tip, a stiff 
guidewire is advanced through the needle. The needle is removed leaving the 
wire in place and a pigtail drainage catheter is advanced over the guidewire and 
the tip curled within the gallbladder lumen.

• As for abscess drainage and indeed nephrostomy placement, pigtail catheters are 
available in a 3-piece trocar-stiffener-catheter tri-axial system which allows 
direct placement of the catheter under ultrasound guidance. This is an alternative 
to the multi-step technique described above. It is more prone to complication and 
is reserved for the experienced operator.

• The drainage catheter is secured with the locking pigtail and an external adhesive 
dressing ± a skin suture.
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13.2.4  Post-procedural Care

• Bed rest for 4 h, regular monitoring of vital signs
• The drainage catheter should be flushed with saline and aspirated every 6–8 h to 

prevent blockage.
• Prior to removal the patient should have an asymptomatic trial of clamping of the 

catheter for at least 24 h, ideally 48 h.

13.2.5  Complications

• Catheter dislodgement/inadvertent removal (5%)
• Bile leakage and biliary peritonitis (<1%)
• Haemorrhage requiring transfusion or intervention (<1%)
• Bowel injury (<1%)

13.3  Percutaneous Gastrostomy Insertion

An alternative to a percutaneous endoscopic gastrostomy (PEG), this is inserted under 
fluoroscopic guidance without endoscopic guidance and is called a radiologically- 
inserted gastrostomy (RIG).

13.3.1  Indications

• Indicated for long-term feeding in the setting of mechanical or functional swal-
low impairment.

• Most commonly these are sited for patients with oropharyngeal tumours or neu-
rological dysfunction.

13.3.2  Contraindications

• Uncontrolled bleeding diathesis.
• Patient condition or agitation precluding motion-free supine positioning or abil-

ity to maintain their respiratory status in the supine position. This is of particular 
relevance for some neurological or neurosurgical conditions. Airway support and 
general anaesthesia may be required.
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• Gastrectomy or partial gastrectomy. Percutaneous options are available but are 
specialised and should be discussed with Interventional Radiology on an indi-
vidual patient basis.

13.3.3  Patient Preparation

• Imaging Prior imaging should be reviewed prior to the procedure to assess for 
anatomical variance of relevance to the access tract.

• Lab Full blood count, coagulation status. International normalised ratio should 
be <1.5 and platelets >50 × 109/L.

• Medications Clopidogrel/warfarin/novel anticoagulant medications should be 
held for a duration appropriate to the specific agent.

• Fasting Fasting for at least 8 h before the procedure.
• IV access
• Written informed consent should be documented after discussed of the pro-

cedure and its benefits, risks and alternatives. Consent from next-of-kin may be 
necessary.

• Nasogastric tube must be sited

13.3.4  Technique

• Supine position
• Administer intravenous hyoscine butylbromide (Buscopan) to allow gastric 

relaxation. Note this may result in transient elevation of heart rate and should be 
limited or avoided in the setting of uncontrolled arrhythmia.

• The stomach is insufflated with room air via the nasogastric tube and the dis-
tended air-filled stomach is visualised with fluoroscopy.

• Gastropexy sutures (T-tacks/T-fasteners) are deployed to fix the anterior gastric 
wall against the anterior abdominal wall under fluoroscopic guidance. This is a 
short metal bar attached to a suture that is delivered through the skin into the 
gastric lumen via an access needle. The suture is pulled up to draw the stomach 
up to the abdominal wall and the suture is clamped at the skin to fix it. Typically, 
3 or four point fixation is performed and the gastrostomy tract will be located at 
the centre point.

• The stomach is puncture with an 18 G needle and a stiff guidewire advanced. The 
tract is dilated and the length of the tract is measured.

• A gastrostomy is then inserted via a peel-away sheath and a balloon at the deep 
end of the gastrostomy is inflated with saline or water. Position is confirmed by 
contrast injection through the gastrostomy.
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13.3.5  Post-procedure Care

• Bed rest for 4 h
• Regular monitoring of vital signs
• Remain nil-by-mouth (and per NG) for 24 h.
• If the patient is well and the abdomen is soft and non-tender at 24 h, clear fluid 

may be administered via the RIG. If this is well tolerated, RIG feeding can be 
introduced and the NG removed.

• Opinions differ regarding the removal of gastropexy sutures. Some advocate 
leaving the sutures for 2 weeks until the gastrostomy tract is formed. However, 
many cut them at 1–4 days post-procedure as they cause considerable discomfort 
and the gastrostomy balloon should be sufficient to maintain position.

13.3.6  Complications

• Peritonitis, usually due to dislodgement or inadvertent removal of the RIG. (<1%)
• Injury to adjacent structures (<1%)
• If the patient suffers from gastro-oesophageal reflux ± aspiration with RIG feed-

ing, the RIG can be replaced with a gastrostomy with a jejunal extension.

13.4  Gastrointestinal Tract Stenting

13.4.1  Indications

• Relief of dysphagia in unresectable oesophageal carcinoma
• Temporary exclusion of oesophageal fistulae and perforations
• Gastric outlet or duodenal tumour obstruction
• Closed-loop colonic tumour obstruction

13.4.2  Contraindication

• No absolute contraindications.
• Patient condition including coagulation status should be optimised pre- procedure 

where possible.
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13.4.3  Patient Preparation

• Imaging Assess prior imaging for planning of access and stent placement.
• Lab Full blood count, coagulation status. International normalised ratio should 

be <1.8 and platelets >50 × 109/L.
• Medications Clopidogrel/warfarin/novel anticoagulant medications should be 

held for a duration appropriate to the specific agent.
• Fasting Clear fluids are allowed up to 2 h pre-procedure; fasting for all other 

intake for at least 4 h.
• IV access
• Written informed consent should be documented after discussed of the pro-

cedure and its benefits, risks and alternatives.

13.4.4  Technique

• Supine for upper GI access, typical lateral decubitus for rectal access.
• The stricture is crossed with a guidewire and catheter, dilatation may be per-

formed as appropriate, and a large 2–3 cm diameter metal stent is deployed under 
fluoroscopic guidance over a guidewire.

• Contrast injection confirms patency.

13.4.5  Post-procedure Care

• Bed rest for 4 h.
• Regular monitoring of vital signs.

13.4.6  Complications Occur in Approximately 10% of Patients 
and Include

• Perforation: perforation with a guidewire or catheter is usually without conse-
quence but balloon dilatation or stent placement through a perforation is likely to 
require surgical management.

• Migration: covered stents are less prone to tumour ingrowth and occlusion but 
were traditionally more prone to migration. Newer covered stents have better 
anchoring and are less prone to migration.

• Sepsis
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Case 13.1
This patient presented with right upper quadrant pain and jaundice with 
weight loss. MRCP demonstrated biliary dilatation due to an obstructing 
common bile duct tumour. ERCP failed to access the biliary tree from a retro-
grade approach.

PTC and stent placement for biliary obstruction. (a) and (b) axial and coronal T2-weighted 
MRI shows dilated bile ducts and an obstructing tumour in the common bile duct (arrows). 
(c)–(g) PTC and stenting. Needle access to a right lobe bile and contrast injection fills the 
ducts (c), fallowed by passage of a guidewire to the point of obstruction (d). A catheter is 
advanced over the wire and the two are used together to negotiate through the obstruction 
(e). After a stiff guidewire is advanced to the distal duodenum, a stent is passed over the 
guidewire and opened across the obstructing tumour (f). Finally, an internal-external drain 
is left in as a security measure to ensure adequate drainage of bile (g). If the patient remains 
well, the drain can be removed and the percutaneous tract can be filled with embolic mate-
rial to prevent haemorrhage and bile leak 

a

e f g

b c d

Case 13.2
This patient has recurrent aspiration pneumonia due to impaired swallowing, 
on a background of motor neuron disease. He was referred for gastrostomy 
placement to facilitate continued enteral feeding without the need for a long- 
term nasogastric tube.
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Key Points
• Percutaneous biliary drainage is a technique for imaging the biliary system 

and relief of biliary obstruction via drain placement or stenting.
• Percutaneous cholecystostomy placement is used for drainage of gallblad-

der empyema, haemorrhagic and acalculous cholecystitis and for patients 
unfit for surgery. The drain must remain in place until a tract has formed 
around it or until cholecystectomy is performed.

Radiologically-inserted gastrostomy. (a) The stomach is filled with air via a nasogastric 
tube (*) and the position of the gastric antrum is located by holding a metal object over the 
abdomen. (b) The stomach wall is affixed to the abdominal wall via 3 or 4 gastropexy 
sutures. In this image you can see the needle used to pass the suture through the abdominal 
wall and stomach wall into the gastric lumen. A tack that has already been deployed is seen 
within the circle. (c) A lateral view is helpful to confirm that the needle tip is in the gastric 
lumen, both for deployment of gastropexy sutures and for the needle access that will form 
the RIG tract. (d) After the tract is dilated and the gastrostomy is deployed, contrast is 
injected through it. You can see the contrast outlining the rugal folds of gastric mucosa 
which confirms intraluminal position. (e) A lateral view shows the contrast pooling at the 
posterior wall of the stomach (c) (remember the patient is lying supine) and additionally the 
anchoring balloon can be seen within the gastric lumen (b) 

Schematic of gastropexy placement in a cross-sectional view 

a b c d e

Suture with T tack affixed to the end

Needle

Abdominal wall

Stomach
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• Percutaneous gastrostomy placement under fluoroscopic guidance (RIG) 
is a useful alternative to endoscopic insertion. These are used for feeding 
when oral intake is insufficient or contraindicated.

• GI tract stents are placed for relief of obstruction and exclusion of fistulae 
and may be placed endoscopically or with fluoroscopic guidance.
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14Image Guided Biopsies

Timothy Murray and Michael Lee

14.1  Introduction

• Image guided biopsy is widely performed in all organ systems for tissue sam-
pling, either of abnormal tissue that has been identified, or indiscriminate biopsy 
in cases of organ dysfunction to obtain representative tissue for histological 
diagnosis.

• The use of real-time image guidance allows targeted biopsy of even small lesions, 
and the avoidance of adjacent organs, vessels or collecting systems. The most 
commonly employed imaging modality is ultrasound, which is ideal for superfi-
cial organs like the thyroid, or solid organs such as the liver or kidneys. In addi-
tion, special ultrasound probes used transrectally, transvaginally, or endoscopically 
allow the biopsy of lesions within genitourinary, gastrointestinal and respiratory 
tracts.

• Ultrasound is limited by poor transmission of sound waves through air and bone 
however. CT gives excellent visualisation of structures within aerated lung, bone, 
and where loops of air-filled bowel are located. This permits biopsy of lung, bone 
or structures deep within the abdomen or pelvis. Fluoroscopy may also be used 
for bone biopsy.

• Other techniques such as MRI or PET guided biopsy are performed on occasion, 
however are limited by availability and cost.
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• The risks of biopsy depend on systemic factors such as coagulopathy, and 
regional factors such as adjacent organs with can be inadvertently injured.

• In addition, certain specific malignant lesions carry a risk of seeding along the 
biopsy tract, such as osteosarcomas and certain salivary gland tumours. Where 
such lesions are within the differential diagnosis, biopsy should be planned in 
conjunction with the relevant oncological surgeon to ensure the biopsy tract will 
be included in any primary oncological resection, thus preventing the need for 
additional resection.

• Where multiple lesions exist, such as in cases of suspected metastatic malig-
nancy, biopsy should target the lowest-risk area, such as superficial lymph nodes. 
Occasionally, dedifferentiated cytology within distant metastases may necessi-
tate additional biopsies for definitive identification of the primary tumour.

• The size and number of biopsy cores required vary with organ and local practice. 
Biopsies of solid organs such as the liver and kidney are typically performed with 
16–20 G core needles, with smaller gauge needles often requiring additional 
cores. Certain lesions such as in the parotid or thyroid may only require fine 
needle aspiration for diagnosis. Traditionally, a diagnosis of lymphoma required 
a surgical excision of a node, however there is increasing acceptance of image- 
guided biopsy in the first instance (Figs. 14.1 and 14.2).

14.2  Indication

• Investigation of organ dysfunction
• Biopsy of a mass lesion
• Biopsy of enlarged lymph nodes
• Sampling of infection for culture and sensitivity

Fig. 14.1 Examples of 
commercial needles which 
are suitable for image-
guided biopies. Most 
needle tips are visible on 
both CT and ultrasound. 
Where only fluid is 
required, such as to 
exclude infection or fine 
needle aspiration (FNA) 
for cytologic analysis, a 
standard needle of the 
appropriate length and 
gauge is used
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14.3  Procedure Contraindications

• Coagulopathy (relative)
• Caution in approach where differential includes a tumour capable of seeding

14.4  Complications

• Haemorrhage or vascular injury (<6.6% depending on biopsy site)
• Visceral injury
• Injury to non-target viscera
• Tumor tract seeding (0–3.4%)
• Sedation reaction
• Anaphylaxis
• Death (1 in 3000 for liver biopsy)

14.5  Preparation

• Written informed consent
• Fasting (where sedation is required)
• Peripheral IV Access (where sedation is required)

1

2

3

4

Fig. 14.2 Mechanism of a 
core biopsy gun. 1. Core 
biopsy needle advanced to 
lesion. 2. Needle inserted 
into lesion. 3. Outer sheath 
fired, cutting a core of 
tissue. 4. The entire biopsy 
needle is removed (Image 
used with written 
permission from 
BetterCare, Electronic 
Book Works, Cape Town, 
ZA)
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• Enquire about anticoagulation and anti-platelet agent use.
• In locations where the risk of haemorrhage is moderate or high, or where there is 

underlying coagulopathy, coagulation screen and platelet levels should be per-
formed in advance. For low-risk biopsies (superficial compressible structures) or 
in low-risk patients (outpatients without preexisting comorbidities), routine 
screening is not necessary. Suggested ranges as below:
• INR <1.5 for high-risk (deep) biopsies such as intraabdominal or intrathoracic 

organs.
• INR <2.0 for low-risk (superficial) biopsies such as superficial lymph nodes 

and thyroid.
• Platelets >50,000/ml for high-risk biopsies, >25,000/ml for low-risk 

biopsies.
• IV heparin should be stopped 6–12 h prior and can be restarted after 12 h.
• Low-molecular weight heparin – Stop 12 h before and restart 12 h after procedure.
• Warfarin stopped 3–5 days, check INR prior to procedure, restart following 

procedure.
• Aspirin should only be withheld in high-risk biopsies. In these cases, it may 

be withheld for 5 days prior to procedure, and restarted following the 
procedure.

• Clopidogrel should be stopped 3–5 days prior to procedure following consulta-
tion with prescribing clinician (e.g. Cardiologist for coronary artery stents), 
restart following procedure.

• Dabigatran and other new oral anticoagulant medications should be stopped 
1–2 days before the procedure if the creatinine clearance is <50 ml/min, stop 
3–5 days if the creatinine clearance is >50 ml/min.

• Continuous hemodynamic monitoring where sedation is required, or in locations 
with a risk of bleeding or pneumothorax.

14.6  Technique (Overview)

14.6.1  Non-targeted Biopsy

• A representative area of organ parenchyma, such as the liver or kidney, is chosen, 
with care to avoid visible vessels or adjacent structures.

• Local anaesthesia is injected under guidance down to the level of the organ 
capsule where appropriate. Breath holding is employed as necessary if the 
organ is prone to movement with respiration. A biopsy device is inserted along 
the anaesthetised tract to the level of the desired parenchyma, which is then 
sampled.

• Following sampling, the area can be sonographically observed to assess for early 
complications such as haemorrhage.
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14.6.2  Targeted Biopsy

• A discrete lesion, usually picked up on cross-sectional imaging, which requires 
sampling.

• The technique is essentially the same as a non-targeted biopsy, however greater 
emphasis is placed on positioning, and thus breath holding where appropriate. 
Ultrasound is most commonly employed, however CT or MRI can be used for 
challenging lesions.

• Care is taken when biopsying malignant lesions, as these often consist of friable 
and disorganised tissue which are more prone to haemorrhage. Where possible, 
the sampling needle should pass through a normal layer of the organ before 
entering the lesion. Theoretically, this should decrease the incidence of 
hemorrhage

14.7  Post-procedural Care

• Observation with regular monitoring of haemodynamic stability should be per-
formed over 2–4 h post biopsies. Most procedural complications are evident by 
this time. There is little evidence to suggest any benefit to lying in the supine, 
prone or lateral position.

14.8  Specific Biopsies

14.8.1  Liver

• Liver biopsies are commonly performed. Non-targeted liver biopsies are per-
formed in the investigation of liver disease, both to assess for the underlying 
cause and to establish the histological stage of the liver disease, which has prog-
nostic and therapeutic implications.

• Targeted biopsies are performed for the investigation of focal lesions. The liver 
is a common site for metastasis at presentation. Primary liver lesions, whilst less 
common, can also be definitively characterised on histology. In cases where the 
biochemical and imaging findings are strongly suggestive of hepatocellular car-
cinoma in a cirrhotic liver, however, a liver biopsy may not be necessary and 
empiric treatment is often offered.

• Transjugular biopsy, performed via the internal jugular vein, is now rarely per-
formed, often limited to uncorrectable coagulopathy. This resembles the initial 
steps of a TIPS procedure in terms of achieving hepatic venous access, at which 
time a transjugualar liver biopsy needle system is used to sample liver paren-
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chyma. Specific complications in relation to liver biopsy include bile duct or 
gall bladder injury leading to the development of a biloma or biliary peritonitis. 
Non- target visceral injury includes pneumothorax or bowel perforation. Plugged 
liver biopsy can be performed in patients who require a biopsy but have a coag-
ulopathy that is difficult to reverse. Patients receive platelets and fresh frozen 
plasma as required before and during the procedures and a co-axial approach is 
used. A 19 gauge needle is inserted to the target lesion and a 20 gauge core 
biopsy needle inserted through the 19 gauge needle to obtain tissue samples. 
When adequate tissue has been obtained, gelatin sponge (Gelfoam) plugs are 
inserted into the 19 gauge needle and pushed into the biopsy track as the needle 
is withdrawn. This serves to tamponade the biopsy track and minimise potential 
bleeding.

Case 14.1
• A 56 year old male is being worked up for a new diagnosis of colorectal 

cancer following discovery of a non-obstructing caecal mass on screening 
endoscopy. A staging CT of the thorax, abdomen and pelvis revealed a 
solitary lesion within the left lobe of liver which was concerning for a liver 
metastasis.

• Obtaining a biopsy for confirmation is required to guide further manage-
ment for the patient including potential surgical and chemotherapeutic 
options (Fig. 14.3).

Fig. 14.3 Ultrasound demonstrates a hyperechoic lesion (arrow) within the left lobe of 
liver. Using real-time ultrasound guidance, a 20 G biopsy needle (arrow) is advanced to the 
level of the lesion, and several cores of tissue are obtained and placed in formalin for histo-
logical examination
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14.8.2  Adrenal Biopsy

• Adrenal biopsy may be performed using CT or ultrasound, depending on the size 
and visibility of the lesion. The most common indication is for histological assess-
ment of an adrenal lesion without characteristic appearance on CT/MR imaging. 
Patient preparation, contraindications, risks and post-procedural care are similar 
to that of liver biopsy. As expected, the risk of damage to the adjacent kidney 
should additionally be communicated, whilst the risk of liver damage is lower.

14.8.3  Kidney

• Renal biopsies are typically performed under ultrasound guidance. The most 
common indication is for further evaluation of suspected intrinsic renal disease 
(e.g. glomerulonephritis) or for assessment of a renal mass lesion (targeted). 
Patient preparation, contraindications, risks and post-procedural care resemble 
that of the above procedures, substituting the risk of renal collecting system 
injury in lieu of biliary injury.

14.8.4  Head and Neck

• Head and neck biopsies are commonly performed under ultrasound (superficial 
structures such as the thyroid, cervical nodes or superficial lobe of the parotid 
gland) or CT (deep structures such as the retropharyngeal space and the deep 
lobe of the parotid gland). The most common indication is for histopathologic 
assessment of a mass lesion. Specific risks include damage to important neuro-
muscular bundles within the head and neck including the facial nerve or the 
recurrent laryngeal nerve. Furthermore, haematoma formation in relation to the 
upper airway can cause airway compromise.

Case 14.2
• A 54 year old male presents with a 6 month history of intermittent bleeding 

from the left nostril and intermittent right frontal headaches. Flexible 
endoscopy reveals a mass deep to the posterior nasopharyngeal mucosa, 
with several areas of mucosal ulceration. An MRI is requested to assess for 
an underlying lesion. 
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14.8.5  Lung

• Lung biopsies are typically performed under CT guidance, however if a target 
lesion extends to the chest wall it may be suitable for ultrasound guided biopsy. 
Specific risks with lung biopsy are pneumothorax, pulmonary haemorrhage and 
air embolism. The rate of pneumothorax is 12–45%, with 2–15% requiring chest 
tube insertion. Following biopsy, patients and vital signs are monitored for 4 h. 
An erect chest radiograph is performed at 1–4 h (or sooner if the patient is symp-
tomatic). If the patient remains well at 4 h and a visible pneumothorax has been 
excluded on the chest radiograph, the patient may be discharged with appropriate 
aftercare instructions.

14.8.6  Musculoskeletal

• The location of bone or soft tissue lesions determines the chosen modality, typi-
cally fluoroscopy or CT. Special considerations include injury to the adjacent 
neurovascular bundle and fracture. Consideration should be given to the poten-
tial for spinal cord damage with vertebral biopsy. The risk of tumour seeding is 
considered high in sarcomas, and any biopsy of a suspected primary bone malig-
nancy should thus be performed only after appropriate multidisciplinary discus-
sion. This allows the biopsy tract to be completely excised at subsequent surgery 

(a) Axial post-contrast fat-saturated T1-weighted MRI demonstrates a cystic enhancing 
lesion within the right pterygopalatine fossa invading posteriorly into the floor of the anterior 
cranial fossa (thick arrow). (b) CT-guided biopsy of the lesion was performed (thin arrow), 
with 22 G cores of tissue obtained and placed in formalin for histological examination.

a b
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should the lesion require resection. Without this precaution, the surgeon may 
need to extend the operative field to excise the tract, and the removal of each tis-
sue plane and muscle group can have profound implications on subsequent func-
tion when planning function-sparing amputations.

14.9  Results

Reported success rates with image-guided biopsy range from 70% to 90%, with 
overall mean success of 85%. Overall major complication rates should be below 2% 
regardless of organ.
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 4. Rockey DC, Caldwell SH, Goodman ZD, Nelson RC, Smith AD. Liver biopsy. Hepatology. 
2009;49(3):1017–44.

 5. Winokur RS, Pua BB, Sullivan BW, Madoff DC. Percutaneous lung biopsy: technique, effi-
cacy, and complications. Semin Intervent Radiol. 2013;30(2):121–7.

Key Points
• Image-guided biopsy is a widely-used technique, which permits histologi-

cal analysis of a range of lesions and organ disorders.
• The use of real-time image guidance reduces the risk of damage to the sur-

rounding structures.
• The risk of complications is not eliminated however, and is typically spe-

cific to the organ in question and it’s adjacent structures.
• Pre-procedural preparation and post-procedural care should be tailored to 

the risk of each biopsy. Low-risk procedures may be suitable for outpatient 
biopsy, while high-risk procedures may require pre-procedural optimisation 
and correction of coagulopathy, in addition to post-procedural observation.
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15Image Guided Drainage of Fluid 
Collections

Damien O’Neill and Hamed Asadi

15.1  Introduction

• A collection forms when fluid collects in a potential space. Fluid can be a tran-
sudate or an exudate determined by the biochemical composition. Collections 
can occur anywhere in the body. Patients may present with symptoms depending 
on the site of collection and its contents, e.g. shortness of breath, swelling, pain 
or discomfort.

• Treatment is determined by the severity of symptoms. The natural sequela of 
collections vary. They can resolve or an inflammatory process can ensue. The 
inflammatory response can result in focal inflammation with formation of sup-
purative exudate or abscess formation.

• Clinical manifestations of an abscess include general malaise, swinging pyrexia 
and SIRS (Systemic Inflammatory Response Syndrome). Initial treatment is with 
systemic intravenous antibiotics guided by organism sensitivity. However, many 
will not resolve until drained either radiologically or surgically.

• IR drainage is a minimally invasive alternative to surgery in many cases, pro-
vided the collection is visible by imaging and there is a safe access route to the 
abscess.
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• Abscess drainage by IR is generally called percutaneous abscess drainage (PAD) 
and is one of the most significant advances in patient care in the post-operative 
patient. Repeat abdominal surgery to drain a post-operative abscess is associated 
with an increased mortality and significant morbidity.

• Ultrasound or CT imaging are generally used to guide drainage. In certain cir-
cumstances intra-cavitary US can be utilised to gain access to sites, which may 
be inaccessible by the percutaneous route, such as endovaginal, endorectal.

• Ultrasound has an advantage over CT during placement because the position of 
the needle/catheter can be monitored in real-time. This is compared to CT where 
a stop and shoot technique is used, as the needle is advanced, repeat CT images 
are performed to check that the catheter is in the correct place.

• A sample is sent for laboratory analysis to determine the contents of the fluid 
depending on the clinical indication, which can include microbiology, biochem-
istry, cytology or histopathology.

15.2  Procedure Indications

• Infected collection/abscess
• Pleural or peritoneal fluid
• Joint effusion

15.3  Procedure Contraindications

• Bleeding diasthesis – relative
• Lack of safe access route
• Lack local expertise and experience

15.4  Patient Preparation

• Comprehensive review of symptoms, signs, investigations and imaging with 
input from referring clinicians and IR.

• Depending on the clinical condition of the patient, drainage can be performed as 
an outpatient e.g. seroma, however more commonly performed as an inpatient 
procedure due to clinical condition.

• Most cases are performed under local anaesthesia with some cases necessitating 
conscious sedation, for particularly sensitive sites or poorly co-operative patients.
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• Blood investigations including a full blood count and coagulation studies should 
be performed.

• Most operators would use a cut-off international normalised ratio (INR) of 
less than 1.5 and platelet count of greater than 50,000 depending on the 
circumstances.

• If there is significant risk to witholding anticoagulation or bleeding diasthesis, 
then drainage can be attempted with a drainage system of smaller calibre.

• If the patient has elevated inflammatory indices and/or a fever, the patient should 
be commenced on IV antibiotics (after appropriate blood cultures have been 
obtained) before abscess drainage. PAD often causes a transient bacteraemia 
which requires antibiotic cover.

15.5  Complications

• Vascular or visceral perforation
• Haemorrhage
• Septic shower and sepsis

15.6  Equipment (Fig. 15.1)

a

b

Fig. 15.1 (a) The typical 
contents of a drainage 
catheter set: (i) pigtail 
drain, (ii) inner metal 
stiffener, (iii) plastic 
stiffener and (iv) sharp 
metal trocar. The pigtail 
loop at the end of the 
drainage catheter helps to 
secure the catheter position 
within the abscess cavity. 
(b) Pigtail catheter 
straightened and placed 
over the metal stiffener 
ready for insertion over a 
guidewire
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15.7  Case Study

Case 15.1
• US guided drainage of ascites was performed in a 45-year-old man with 

intra-abdominal fluid that was compromising his respiratory function. 
Initially an ultrasound scan of the abdomen is performed to confirm the 
presence of ascites and to identify the deepest pocket with a safe access 
route, avoiding major vascular bundles, e.g. inferior epigastric artery 
(Fig. 15.2).

• Local anaesthesia is administered to the skin and along the drainage tract, 
with a particular emphasis on anaesthetising the peritoneum. Using US 
guidance, an access needle is advanced into the collection. Two techniques 
can be applied to insert the drain tube – a direct ‘stab’ called the trocar 
technique or insertion of the tube over a guidewire using the Seldinger 
technique.

• For a large ascitic pocket or very well sonographically visualised intra- 
abdominal collection, the trocar technique can be safely used. US is used 
to guide the drainage catheter, which has a central sharp stylet, into the 
collection. Once in a satisfactory position, the sharp stylet and inner stiff-
ener of the drainage catheter are removed allowing a pigtail to form 
(Fig. 15.3b). A drainage bag is then attached to the catheter and it is secured 
to the skin.

• The Seldinger technique, includes passage of a guidewire through an 
access needle. The needle is then exchanged over the guidewire for a drain-
age catheter (Fig. 15.1b) after first dilating the track to the abscess with 
fascial dilators.

Fig. 15.2 Ultrasound of the right flank demonstrating a deep pocket of fluid (asterisk) with 
some loops of bowel visualised deep in the abdomen (arrow)
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a b

Fig. 15.3 (a) Abdominal ultrasound demonstrating a needle (arrow) being passed into the 
fluid collection under direct imaging guidance. (b) The drain is visualised coiled in the fluid 
collection (arrow-head)

Case 15.2
• A 40 year old male presented with right lower quadrant abdominal pain. 

The presence of a peri-appendiceal collection was confirmed on CT scan 
of the abdomen (Fig. 15.4). Due to its position and because of adjacent 
loops of bowel, CT guided drainage was performed. Again local anaesthe-
sia is administered to the subcutaneous tissues and peritoneum. Then inter-
mittent CT fluoroscopic images were obtained as the needle was advanced 
into the collection.

Fig. 15.4 CT of abdomen demonstrating an abscess (arrow) in the right hemipelvis sec-
ondary to perforated acute appendicitis
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15.8  Post-procedure Care and Review

• Observation of vital signs and access site for local complications.
• Further treatment depends on the clinical condition of the patient. There is no 

indication for routine re-imaging of the patient if there is clinical improvement.
• If symptoms fail to resolve or recur post-procedure then repeat imaging is 

warranted:
• To assess the status of the collection
• To confirm the position of the drain.
• The calibre of the drain may need to be increased if there is particularly viscous 

contents.
• For viscous collections, intermittent irrigation can be used to ensure drain 

patency. It is performed by injection of 10–15 ml of sterile saline with an aseptic 
technique, followed by passive drainage or active aspiration. The exact volume is 
dependent on the site of drainage and the capacity of the potential space.

• If the drain blocks, it may require flushing with normal saline or fibrinolytics.
• Occasionally the drain may need to be re-sited due to migration of the drain, 

redistribution or change in the size and location of the collection pockets.
• The drain can be removed when drainage is less than 20 ml per day and if the 

patient is clinically well.

• To confirm position, a sample was aspirated via the needle. Then the nee-
dle was exchanged over a guidewire and a drainage catheter inserted after 
dilating the track with fascial dilators. Tube position is confirmed by per-
forming a final limited CT scan through the area (Fig. 15.5).

a b

Fig. 15.5 (a) A needle (arrow-head) is advanced into the abscess under CT guidance using 
intermittent acquisitions. Note the safe access route behind the caecum (asterisk). (b) Final 
CT demonstrating the pigtail drain within the abscess (arrow)

D. O’Neill and H. Asadi



117

Further Reading

 1. Brown C, Kang L, Kim ST. Percutaneous drainage of abdominal and pelvic abscesses in chil-
dren. Semin Intervent Radiol. 2012;29:286–94.

 2. Frederick-Dyer K, Ahmad A, Arora, SS, Wile, G. Difficult biopsy and drainage: just say yes. 
Abdom Radiol (NY). 2016;41(4):706–19. doi:10.1007/s00261-016-0666-2.

 3. Jaffe TA, Nelson RC. Image-guided percutaneous drainage: a review. Abdom Radiol (NY). 
2016;41(4):629–36. doi:10.1007/s00261-016-0649-3.

Key Points
• Imaged guided drainage is a minimally invasive and potentially life saving 

technique for accessing collections and can avoid the need for surgery in 
most cases.

• Ultrasound or CT imaging is used to select a safe access route to the col-
lection and to guide catheter placement.

• By performing microbiological analysis on the sample, appropriate treat-
ment regimens can be instigated.

• The drain should be monitored on a daily basis to ensure that it does not 
become blocked or displaced. Drain output should also be recorded on a 
daily basis.

15 Image Guided Drainage of Fluid Collections
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16Musculoskeletal Intervention

Damien O’Neill and Hamed Asadi

16.1  Introduction

• The musculoskeletal system comprises bones, joints, tendons, ligaments and 
their supporting neurovascular bundles. Disorders that affect the musculoskeletal 
system can be degenerative, infective, inflammatory, neoplastic or traumatic.

• A key component in evaluation of the musculoskeletal system is a detailed his-
tory and thorough examination, with subsequent radiological interventions for 
confirmation of diagnosis and treatment.

• MRI can provide exquisite details of the intra-articular and peri-articular struc-
tures. Certain joints e.g. the knee, usually have sufficient intrinsic contrast, mak-
ing MRI assessment adequate. However sometimes for other joints, such as 
shoulder or hip, the administration of an intra-articular contrast agent to perform 
an MR arthrogram, can help in delineating the small structures of interest.

16.2  Joint Assessment

• The hip, knee and shoulder are the most common peripheral joints that are 
assessed radiologically. Initially plain radiograph assessment is usually per-
formed. For evaluation of the intra-capsular structures, an arthrogram can be per-
formed, and fluoroscopic guidance can be used to gain access to the joint.
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• If there is concern for joint infection, a sample of fluid should be aspirated and 
sent for microscopy and culture. A small amount of iodinated contrast material 
is then administered to confirm intra-capsular position.

• Therapeutic combinations of local anaesthetic and a corticosteroid can be admin-
istered, to treat joint inflammation or bursitis.

• For MR arthrograpy, a combination of 10–15 cc of normal saline and 0.1 cc 
Gadolinium based MRI contrast is instilled. The patient then undergoes an MR 
examination of the joint.

16.2.1  Indications for Joint Access

• Assessment of intra-articular structures, in particular, MR arthrogram.
• Diagnostic, therapeutic or palliative administration of medication.
• Therapeutic hydrostatic dilatation in adhesive capsulitis.
• Sampling of the joint contents.
• Therapeutic aspiration of the joint contents.
• Intracapsular irrigation.

16.2.2  Procedure Contraindications

There is no absolute contraindication and in case of suspected infective arthritis, 
sampling of the intracapsular content is inevitable. However the following should 
have further consideration:

• Infection over the access site or systemic sepsis.
• Recent fracture.
• Severe systemic coagulopathy (risk of haemarthrosis).
• Immunosuppression.
• Diabetes.

16.2.3  Patient Preparation

• Comprehensive review of symptoms, signs, investigations and imaging.
• Discussion with referring clinicians to ensure the correct procedure is performed 

and adequate samples are taken.
• Typically performed as an elective day case procedure.
• Blood investigations including a full blood count and coagulation studies.

16.2.4  Complications

• Infection
• Haemorrhage
• Chondrotoxicity (large doses of intra-articular steroids or certain anaesthetics)
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Cases
• Fluoroscopic guided access of a shoulder joint prior to an MR arthrogram. 

The patient is positioned supine on a fluoroscopy Table. A sterile field is 
created. Local anaesthesia is administered to the skin and subcutaneous 
tissues.

• Using fluoroscopic guidance a 22 gauge spinal needle is advanced towards 
a bony landmark (usually 2/3 of the way down the humeral head, in its 
medial third) until contact is made with periosteum. At this stage, a sample 
can be aspirated or a small volume of iodinated contrast can be adminis-
tered through the needle to confirm intra-articular position.

• A similar approach can be used for most synovial joints in the body.
• For aspiration of a suspected infected joint for diagnosis, the same tech-

nique is used to access the joint and a sample is aspirated and then sent for 
laboratory analysis.

• Similarly for therapeutic administration of intraarticular corticosteroids, a 
similar access technique is used and the mixture of analgesia is adminis-
tered (Figs. 16.1, 16.2 and 16.3).

Fig. 16.1 Using fluoroscopy a 22 g spinal needle is advanced into the shoulder capsule, 
2/3 of the way down the humeral head (arrow) until contact is made with periosteum
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Fig. 16.2 A combination of iodinated contrast, local anaesthetic and gadolinium is 
injected. The iodinated contrast outlines the capsule of the joint confirming intra-articular 
position where contrast is seen to pool in the axillary recess (arrow)

Fig. 16.3 Subsequent MR arthrogram with intra-articular gadolinium outlining the intra-
articular structures. Axial and sagittal-oblique T1-fat saturated MRI sequences of the right 
shoulder
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Fig. 16.3 (continued)

16.2.5  Post-procedure Care and Review

• Observation of vital signs and access site for local complications.
• Occasionally patients can get a local flare of pain and swelling which can last for 

a few hours post procedure.

16.3  Vertebroplasty

16.3.1  Introduction

• Osteoporotic fractures of the spine are often extremely painful and treatment 
comprises of immobilisation with a brace, analgesics and specific treatment of 
osteoporosis such as bisphosphonate therapy. However, further demineralisation 
can result from the immobilisation, thus accelerating the osteoporotic process at 
adjacent levels. Initial symptoms tend to resolve in 4–6 weeks, but some patients 
have severe, persistent pain for a long time.

• Later consequences of vertebral fractures are reduced height, kyphosis, and chronic 
back pain.

• Similarly, fractures from tumour metastases to the spine can be very painful, 
necessitating large analgesic requirements and the disease may progress with 
time. By treating these fractures, the analgesic requirement can be decreased in 
the frail elderly patient who is susceptible to the side-effects of opioid use.
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• Vertebroplasty is a technique for treating a vertebral body fracture, typically as a 
result of osteoporosis or tumour. Under fluoroscopic guidance, bone cement e.g. 
poly-methyl-methacrylate (PMMA) is injected into the vertebral body. The the-
ory behind this procedure is that the cement provides mechanical stabilisation at 
the fracture site and the heat emitted by the process of forming the cement 
destroys nearby nerve pain fibres aiding in analgesia.

• Kyphoplasty is a variation on vertebroplasty in which the lost height from a com-
pression fracture is restored to the vertebra. Once access to the vertebra is 
achieved, balloons are inflated and then bone cement is injected into the space 
created to restore the height of the vertebra. Newer devices have also been recently 
introduced for this purpose, e.g. SpineJack.

16.3.2  Procedure Indications

• Osteoporotic fractures that have failed conservative management preferably 
within the acute phase (1–4 weeks of onset).

• Vertebral body invasion by tumour, usually metastatic.

16.3.3  Procedure Contraindications

• Asymptomatic fracture
• Active osteomyelitis of the target vertebra
• Un-correctable coagulopathy
• Allergy to vertebroplasty cement or contrast agent
• Significant central canal narrowing from retropulsion of bony fragments or epi-

dural tumour.

16.3.4  Patient Preparation

• Comprehensive review of symptoms, signs, investigations and imaging.
• Discussion with the referring clinician; rheumatologist, geriatrician, oncologist, 

or surgeon.
• Typically performed as an elective inpatient procedure with best results occur-

ring if performed within 10–14 days of the onset of pain.
• Performed under local anaesthesia and conscious sedation.
• Blood investigations including a full blood count and coagulation studies.
• Fasting from midnight before the day of intervention.
• Intravenous access, for IV sedation.

16.3.5  Complications

• Neurologic defect, from spinal canal or neural foraminal narrowing.
• Intravasation into the spinal venous plexus, IVC or even adjacent viscera.
• Pulmonary embolus form cement leakage into the systemic veins.
• Fracture of vertebral body, pedicles or rib.
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• Infection.
• Allergic reaction.
• Haemorrhage.
• Pneumothorax or haemothorax.
• Spinal canal protrusion and cord damage.
• Hollow viscus or solid visceral injuries.

Case
• Vertebroplasty of a lower thoracic vertebra in an elderly patient with a wedge 

compression fracture secondary to osteoporosis, in whom conservative treat-
ment had failed. A left transpedicular approach is used to access the vertebral 
body; position is confirmed on AP (Fig. 16.4a) and lateral (Fig. 16.4b) views.

• When a satisfactory position is obtained the bone cement (PMMA) is 
injected slowly into the vertebral body under fluoroscopic guidance. 
Injection is continued until the cement spreads evenly throughout the area 
of the vertebral body (Fig. 16.4c, d).

• Injection is normally ceased when sufficient cement has been administered 
or if cement is visualised outside the vertebral body e.g. vertebral venous 
plexus, spinal canal etc.

a b

c d

Fig. 16.4 (a) AP and (b) lateral views confirming position from a left transpedicu-
lar approach into the vertebral body. (c) AP and (d) lateral views demonstrating 
cement (arrow) after being injected into the vertebral body
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16.3.6  Post-procedure Care and Review

• Observation of vital signs and access site for local complications.
• Monitor for any new neurological deficit or systemic complication.
• Frequently there may be additional vertebral levels that require treatment and 

this can be arranged after a short interval. Depending on patient tolerance and 
operator preference, multiple levels can be treated at one session.

16.3.7  Case Discussion

• Vertebroplasty is a minimally invasive procedure for the treatment of compres-
sion fractures of the vertebral bodies due to osteoporosis or metastatic invasion. 
Patients will have usually failed conservative treatment with analgesia and 
bracing.

• By performing a vertebroplasty, the need for other forms of analgesia (typically 
opiates) is reduced which is particularly beneficial in the elderly as they are more 
susceptible to adverse effects of opiate therapy.

• By injecting cement into the vertebral body, mechanical stability is increased and 
further loss of height can be prevented.

• A mechanism by which vertebroplasty is also postulated to have an effect is due 
to the thermal damage of adjacent pain sensory nerve fibres as the cement forma-
tion creates an exothermic reaction.

• If vertebral body height is to be restored, kyphoplasty can be performed.

Key Points
• Joint injections can be performed for diagnostic (e.g. aspiration of fluid, 

administration of contrast for arthrography) or therapeutic (e.g. therapeutic 
joint aspiration, administration of intraarticular corticosteroids) 
indications.

• MR arthrography involves the administration of dilute Gadolinium based 
contrast media into the joint under fluoroscopic guidance, followed by spe-
cific MR imaging sequences to allow evaluation of intra-articular 
structures.

• Vertebroplasty stabiles compression fractures of the vertebral column and 
provides analgesia to the patient.

• This is of benefit in an elderly population who are susceptible to the delete-
rious effects of prolonged opioid use, and detrimental effect of prolonged 
immobilisation. Multiple levels can be treated if needed.
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Further Reading
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17Interventional Oncology

Elizabeth Ryan

17.1  Introduction

• Over the course of the last century, cancer treatment evolved to a complex 
 multimodality care pathway delivered by a multidisciplinary team including 
radiology, surgical, medical oncology and radiation oncology specialists.

• There is a continuous drive towards cure or control of cancer via minimally inva-
sive techniques, reducing patient morbidity and improving quality of life.

• Interventional Radiologists have developed endovascular and percutaneous tech-
niques for locoregional cancer treatment.

• This has become known as the fourth pillar of cancer care.
• Interventional oncology (IO) is a rapidly evolving specialty with frequent devel-

opment and innovation, both in terms of interventional techniques and in the 
scope of cancer treatment.

• Once thought limited to salvage therapy and palliation, ablative and embolisation 
therapy is approaching equivalence to standard first line surgical care for certain 
tumours.

• Given the significant difference in morbidity and hospital stay, it is expected that 
IO techniques may supersede surgery for appropriate tumours in time.

• Patient care encompasses pre-procedure consultation and decision-making, 
admission and treatment, and follow-up imaging and care.

• The interventional oncologist is a clinician familiar with the key facets of cancer 
care and is trained to diagnose and manage the side-effects and complications of 
their procedures.

• IO is broadly divided into endovascular therapy and percutaneous ablation.
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• Endovascular therapies involve access via the arterial system into the arteries 
suppling the tumour and direct delivery of chemotherapy and/or embolic 
material.

• Ablative techniques involve direct thermal or chemical destruction of the tumour 
via percutaneous delivery of an ablative device under image guidance.

• The principles of these techniques will be discussed, followed by examples of 
current clinical practice.

17.2  Percutaneous Ablative Image Guided Therapies 
in Cancer

• Image-guided tumour ablation involves placement of a wand-like probe into the 
tumour using image guidance and applying thermal or non-thermal energy to the 
tumour, resulting in cell death.

• Various modalities are in clinical practice and development of emerging thera-
pies is ongoing.

17.2.1  Radiofrequency Ablation (RFA)

• A probe attached to a radiofrequency generator is inserted percutaneously 
directly into the tumour.

• An alternating current is delivering via the probe to the tumour tissue.
• Molecules constantly move to realign their poles with the alternating current.
• This motion produces friction, resulting in heating.
• Heating above 50 °C causes rapid permanent denaturation of cellular proteins 

and cell death via coagulative necrosis.
• The heat generated around the probe diminishes with distance, therefore the size 

of the ablation zone is limited.
• The ideal tumour size for one RFA probe is less than 3 cm, but the use of multiple 

probes can increase the ablation zone.
• Treatment efficacy may also be affected by heat loss into adjacent flowing blood. 

This is known as the heat-sink effect and occurs with very vascular tumours or 
tumours adjacent to large vessels.

17.2.2  Microwave Ablation

• Similar to RFA, an oscillating current is applied to a probe inserted into the 
tumour and the current induces molecular motion, friction and heating resulting 
in coagulative necrosis.

• Microwave ablation is less sensitive to the heat-sink effect than RFA and appears 
to be more protective of support tissues like the lining of the biliary tract and the 
renal collecting system and ureters.
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17.2.3  Cryoablation

• Cryoablation is most commonly used in small renal malignancies and is also 
used in treatment of prostate cancer, soft tissue and bone tumours, liver and chest 
tumours.

• As for the other techniques, a probe is inserted percutaneously into the tumour.
• The technique involves rapid expansion of a gas flowing through and contained 

within the percutaneous probe which results in rapid cooling around the probe.
• Typically, two phases of cooling are separated by a phase of active thawing gen-

erated by a different gas flowing through the probe.
• This freeze-thaw-freeze cycle causes cell death by formation of extracellular and 

intracellular ice which disrupts membranes and causes protein denaturation, 
coagulation and vascular stasis, and apoptosis.

17.2.4  Irreversible Electroporation

• This is a new non-thermal ablative technique.
• Pulsed electric current is delivered to the tumour causing an increase in cellular 

membrane potential and resulting in the formation of multiple nanopores in the 
cell membrane.

• Irreversible disruption of the cell membrane results in cell death by a combina-
tion of apoptosis and coagulative necrosis.

• IRE causes muscular contraction and requires muscle relaxants to be adminis-
tered by an anaesthetist. However, it is not associated with thermal injury or heat 
sink and it does not damage the extracellular support structures. It is also very 
fast, with a significantly shorter ablation time compared to the other techniques.

17.2.5  Chemical Ablation

• Percutaneous instillation of acetic acid or ethanol results in cell dehydration, 
protein denaturation and coagulative necrosis.

• Ethanol also causes destruction of vascular endothelium resulting in thrombosis 
and ischaemia.

17.2.6  Techniques for Protection of Surrounding Tissues

Ablative techniques, particularly thermal ablation, may result in injury to tissues adja-
cent to the ablation zone. There are several techniques to reduce the risk of injury.

Hydrodissection Fluid is injected between two structures to separate them, dis-
placing important non-target structures away from the tumour 
intended for ablation. For example, a needle may be inserted 
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into the fat between a renal tumour and the colon and injection 
of dextrose 5% fluid will displace the colon away from the 
tumour and provide a buffer for absorption of transmitted heat. 
CO2 has also been used for this purpose.

Irrigation Perfusion of cold fluid through a hollow structure adjacent to 
an ablation zone in order to keep the temperature at a safe level. 
For example, retrograde pyeloperfusion involves the placement 
of a ureteric stent into the renal pelvis and continuous irrigation 
with cold fluid while ablating a nearby renal tumour. This keeps 
the temperature within the renal pelvis and ureter below the 
level that would cause injury to these structures.

17.3  Endovascular Image Guided Therapies in Cancer

• The principle of transcatheter embolisation therapy is vascular occlusion to 
diminish or remove blood flow.

• There are myriad applications, from emergency embolisation for control of haem-
orrhage, to treatment of vascular malformations or varices, and tumour therapy.

• Within IO, transcatheter embolisation includes direct delivery of chemotherapy, 
occlusion of the suppling arteries to cause infarction of the tumour, and combination 
therapy with embolic material coated with chemotherapy or emitting radiation.

17.3.1  Embolic Agents

• There are a wide range of embolic material available categorised according to 
the level of occlusion desired and whether the effect should be temporary or 
permanent.

• Permanent agents are typically used in IO.

17.3.2  Temporary

17.3.2.1  Gelatin Sponge (Gelfoam)
• Water-insoluble porous sponge made from purified porcine skin gelatin.
• It is haemostatic and absorbable, the length of time to absorption depending onto 

the tissue into which is delivered (ranging from days to weeks).

17.3.3  Permanent

17.3.3.1  Particles
• These include polyvinyl alcohol particles (shavings of inert plastic) ranging from 

50 to 2500 microns in size, and acrylic spheres ranging from 40 to 1300 microns.

E. Ryan



133

17.3.3.2  Coils
• Stainless steel or platinum pieces of wire that are delivered through a catheter.
• These are manufactured to take a particular shape when released from the cath-

eter and various coil shapes are available for different situations.

17.3.4  Transarterial Embolisation, Chemoembolisation 
and Radioembolisation

Options for tumour embolisation include:

• “Bland embolisation” / TransArterial Embolisation (TAE)
• Embolisation without chemotherapy, resulting in tumour ischaemia and 

necrosis via occlusion of the blood supply.
• TransArterial ChemoEmbolisation (TACE)

• Combination of delivery of chemotherapy and embolisation.
• Local delivery allows high concentration drug delivery to the tumour with 

minimised systemic delivery and side effects.
• Conventional TACE (cTACE) involves delivery of chemotherapy into the 

feeding arteries followed by embolisation with gelatin sponge or particles. 
The embolic agent helps to localise the chemotherapy in the tumour by reduc-
ing or eliminating blood flow, and also induces ischaemia and necrosis.

• Drug-eluting bead TACE (DEB-TACE) involves delivery of particles contain-
ing with chemotherapy into the feeding arteries. These particles embolise the 
tumour, inducing ischaemia and necrosis, and slowly release the chemother-
apy into the surrounding tissue over time.

• TransArterial RadioEmbolisation (TARE), also known as selective internal radi-
ation therapy (SIRT)
• Tumour embolisation with particles embedded with a beta-emitting radioac-

tive isotope, yttrium-90 (Y-90). These radioactive beads emit short-range 
radiation locally into the tumour, allowing a significantly higher radiation 
dose than could be applied with external beam radiotherapy.

a b c

 

Percutaneous cryoablation. The patient is under general anaesthesia in the CT scanner. (a) Cryoprobe. 
(b) Multiple percutaneous cryoprobesin place. (c) Ice forming along the cryoprobe tubing

17 Interventional Oncology



135© Springer International Publishing AG 2018
H.K. Kok et al. (eds.), Interventional Radiology for Medical Students, 
DOI 10.1007/978-3-319-53853-2_18

E. Ryan  
Department of Radiology, Beaumont Hospital and Royal College of Surgeons in Ireland, 
Dublin, Ireland
e-mail: lizryan1@gmail.com

18Interventional Oncology: Liver

Elizabeth Ryan

18.1  Hepatocellular Carcinoma (HCC)

• In patients with HCC the decision to opt for transplantation, surgical resection or 
ablation is multifactorial and complex, and each case is assessed on an individual 
basis at a multidisciplinary meeting (MDM).

• Factors that will aid decision making include tumour size, location, number of 
tumours, liver function, the predicted postoperative remaining liver volume and 
the patient’s fitness for surgery.

• Ablation may offer cure in early-stage HCC but is limited by tumour size and 
location.

• Transarterial chemoembolisation (TACE) is considered for unresectable/unabla-
table HCC for the purpose of local control rather than cure. This may offer symp-
tom improvement and lengthened survival. TACE may also be performed as a 
combination treatment to downsize a tumour and render it resectable or 
ablatable.

• Transarterial radioembolisation (also known as selective internal radiation therapy 
SIRT) is an emerging therapy also used for local control of incurable disease.

Early (A) stage Curative therapy (transplant/resection/ablation)

• Solitary tumour or up to 3 nodules <3 cm

Intermediate (B) stage Palliative therapy (TACE/TARE)

• Multinodular, unresectable, Child-Pugh A or B, performance status 0
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Advanced (C) stage Palliative therapy (Sorafenib)

• Portal vein invasion, nodal or distant metastases, performance status 1–2

18.2  Colorectal Cancer Liver Metastases (CRLM)

• Approximately 10–25% of patients with colorectal cancer are found to have liver 
metastases at the time of diagnosis, and a further 20–25% will subsequently 
develop liver metastases.

• Surgical resection may offer increased survival or even cure but only 25% of 
patients are suitable for resection.

• Historically, the remaining 75% were offered systemic chemotherapy to extend 
survival. More recently, various interventional oncology techniques have 
emerged which may offer increased survival and cure.

• Ablation is considered for patients with a limited number of hepatic metastases 
(ideally <4) of small size (<5 cm) who are unwilling or unsuitable to undergo 
surgical resection.

• As with HCC, transarterial therapies (TACE/TARE) are not considered curative 
in their own right, and have traditionally been used as salvage therapy when 
chemotherapy fails or to downstage metastases in order to permit surgical resec-
tion. Various chemotherapy combinations have been used, including doxorubi-
cin, irinotecan, cisplatin, mitomycin C.

• Early studies of TARE in CRLM have shown efficacy in combination with 
systemic chemotherapy for salvage treatment after failure of first line 
chemotherapy.

18.3  GI Tract Neuroendocrine Tumours (NET)

• Gastroenteropancreatic neuroendocrine tumours are the second most prevalent 
GI tract neoplasm after colorectal cancer and most commonly occur in the small 
intestine, followed by the rectum, colon, pancreas, stomach and appendix.

• 60–80% have metastatic disease at presentation, most commonly to the liver.
• Interventional oncology techniques for NET liver metastases include ablation, 

TACE and TARE. Although data is limited, IO techniques are associated with 
improved survival.

18.4  Other Liver Metastatic Disease

• There is some data demonstrating safety and efficacy of locoregional therapies 
including ablation, TACE and TARE for liver metastases from melanoma, breast 
cancer, GI tumours and other malignancies but randomised controlled trials are 
necessary for a standardised approach.
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18.5  IO Techniques for HCC and Liver Metastases

18.5.1  Ablation

18.5.1.1  Contraindications
• Diffuse/infiltrative tumours, vascular invasion, unresectable/unablatable extrahe-

patic metastatic disease.
• Uncorrectable coagulopathy.
• No safe percutaneous access route to the tumour(s) even with hydrodissection.
• Relative: proximity to gallbladder, stomach or bowel, or central location.

18.5.1.2  Patient Preparation
Imaging Contrast enhanced CT or MRI. Non-contrast, arterial and portal 

venous phases of the liver are required. CT should include chest and 
pelvis for staging.

MDM Multidisciplinary discussion including hepatology, hepatobiliary 
surgery, medical oncology and pathology. The patient’s functional 
status and chronic liver disease should be factored into the treat-
ment plan.

Lab Full blood count, coagulation status, liver biochemistry. International 
normalised ratio should be <1.5 and platelets >50 × 109/L.

Medications If possible clopidogrel/warfarin/novel anticoagulant medications 
should be stopped 5 days prior.

Antibiotics If the patient has a colonised biliary tree (e.g. previous sphincter-
otomy/biliary stent/biliary-enteric anastomosis) there is an 
increased risk of abscess formation and periprocedural prophylactic 
antibiotic administration is recommended.

18.5.1.3  Technique
• RFA and microwave ablation are standard techniques for thermal ablation of 

HCC and liver metastases.
• Evidence suggests that there is less heat-sink with microwave ablation and a 

more predictable ablation zone and this is replacing RFA in many practices.
• There is a potential role for cryoablation, particularly for central/hilar tumours 

adjacent to bile ducts but there is less data.
• IRE is an emerging technique currently the subject of research in treatment of 

HCC.

18.5.1.4  Postprocedural Care
• Overnight hospital stay post-procedure is standard.
• A post-ablation syndrome including fever, nausea, vomiting and right upper 

quadrant pain is an expected side-effect of the procedure rather than a 
complication.

• Analgesia is administered as required.
• Routine follow-up imaging is performed to assess for recurrence.
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Complications rate of 2–3%; mortality 0.1–0.5%.

• Subcapsular or intraperitoneal haemorrhage (0.5%)
• Hepatic abscess (0.3%)
• Bowel injury (0.2–0.3%)
• Haemothorax (<0.1%)
• Biloma (0.05–8%)
• Biliary injury – can result in stricture formation and chronic obstruction
• Thermal burns
• Iatrogenic cholecystitis related to proximity to ablation zone, usually self-limiting

18.5.2  TACE

18.5.2.1  Contraindications
• Advanced liver disease (Child-Pugh C, severe ascites, encephalopathy, active GI 

haemorrhage, hyperbilirubinaemia, hypoalbuminaemia, active hepatitis, poor 
performance status).

• Systemic issues including neutropaenia, cardiomyopathy and renal insufficiency.

18.5.2.2  Patient Preparation
• As for ablation.

18.5.2.3  Technique
• Treatment options include TAE, cTACE and DEB-TACE (see Introduction to 

Interventional Oncology) and there is no current consensus as to the best 
technique.

• Catheter inserted from the femoral artery into the common hepatic artery; angio-
grams performed to delineate tumoral arterial anatomy.

• A microcatheter is used to deliver selective treatment via small arterial branches 
supplying the tumour. Selective treatment in this manner minimises drug deliv-
ery to non-tumour liver tissue, an important factor in the setting of chronic liver 
disease.

• The particles are mixed with iodinated or oily contrast medium which can be 
visualised with fluoroscopy while injecting. The mixture is carefully injected 
until there is near stasis of flow.

• As previously described, haemostasis may be achieved at the common femoral 
artery access site with manual compression or with commercially available clo-
sure devices.

18.5.2.4  Postprocedural Care
• Regular measurement of vital statistics including heart rate and blood pressure 

for 4–6 h post-procedure. Overnight stay for observation and analgesia.
• The majority of patients experience some degree of postembolisation syndrome 

(nausea, abdominal pain and fever) which is related to a systemic inflammatory 
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response and tissue necrosis and requires only supportive treatment. Pain may 
last for up to a week.

• Antiemetics, analgesia and stool softeners.
• Routine follow-up imaging to assess for recurrence.

Complications rate 4–7% and mortality 1% in HCC; rate 30% and mortality 2% 
in CRLM.

• Access site – haemorrhage, pseudoaneurysm, arterial occlusion (<5%)
• Liver abscess (2–3%)
• Biloma (2%)
• Cholecystitis (5%)
• Non-target embolisation – GI tract embolisation results in ulcers which may be 

difficult to treat. (<5%)

18.5.3  Tare/SIRT

Patient preparation, interventional technique and postprocedural care are similar to 
TACE.
Complications as for TACE, with these additional considerations:

• Hepatotoxicity (15%)
• Significantly less postembolisation syndrome than is seen after TACE.
• Can be associated with radiation pneumonitis if there is shunting through the 

abnormal tumour vasculature to the lungs. (<1%)

Case
This patient has a new diagnosis of cirrhosis of the liver. A hepatocellular 
carcinoma was identified in the left lobe of the liver and the patient was not a 
candidate for transplantation.

a b c d

Transarterial chemoembolisation of hepatocellular carcinoma. (a, b) MRI with contrast 
shows an enhancing tumour in the liver (arrows). Enhancement in the arterial phase of 
imaging is typical of hepatocellular carcinoma. (c) An arterial catheter (arrows) has been 
passed from the common femoral artery (not seen) via the coeliac trunk, along the hepatic 
artery and into an artery supplying the tumour. Contrast injection shows tumour enhance-
ment which is much greater than the surrounding liver. (d) With the catheter back in the 
common hepatic artery, contast injection shows that there is no longer evidence of tumour 
enhancement following successful embolisation 
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Key Points
• Hepatocellular carcinoma, colorectal and neuroendocrine liver metastases 

may be amenable to cure or palliation via ablation or transarterial treat-
ments. Ablation may be curative, while transarterial techniques are usually 
palliative.

• There is some evidence for treatment of liver metastases from other pri-
mary tumours such as breast cancer and melanoma and research is 
ongoing.

• Treatment pathways are complex and evolve with new technologies, and 
all treatment should be planned via a multidisciplinary team approach 
using the best current evidence.
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19Interventional Oncology: Renal Tumour 
Treatments

Elizabeth Ryan

• Surgery for primary malignant renal tumours has evolved from radical nephrec-
tomy, through partial nephrectomy (PN) and laparoscopic nephrectomy.

• Tumours greater than 3 cm which take up intravenous contrast (i.e. “enhance”) 
on CT or MRI are most likely malignant, usually renal cell carcinoma (RCC). 
However, enhancing masses <3 cm are benign in 25% of cases. Even for malig-
nancies, at this small size the rate of growth and progression is slow.

• Management of small renal masses involves weighing the risk of life-altering 
disease progression against the morbidity of renal parenchymal loss associated 
with treatment, which is driving surgical management towards nephron-sparing 
surgery.

• IO techniques (primarily ablation) are associated with reduced morbidity, better 
preservation of renal volume and function, and improved recovery time.

• Emerging research suggests ablative techniques may have comparable oncologic 
outcomes with PN.

• While initially considered second line treatment for patients unfit for surgery, 
low morbidity and function preservation coupled with data suggesting onco-
logic equivalence confer an ever-increasing role in the management of small 
renal masses.
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19.1  Ablation

19.1.1  Current Indications

• Small renal mass <4 cm
• Increased risk of multiple RCCs (e.g. in von-Hippel-Lindau syndrome) where 

renal parenchymal preservation is vital
• Patient condition not suitable for surgery
• Solitary kidney

19.1.2  Patient Preparation

Clinical Thorough history and examination including risk factors for RCC, 
hereditary syndromes etc., prior surgery and general medical condition. 
The procedure should be discussed fully and informed patient consent 
given.

Labs Full blood count, renal function including eGFR, coagulation status. 
INR should be less than 1.5, platelet count should be greater than 
50 × 109/L.

Imaging Contrast enhanced CT of the kidneys to evaluate the primary tumour 
and completion imaging of the remainder of the chest, abdomen and 
pelvis for metastatic disease.

NPO The patient should be fasting for at least 6 h pre-procedure.

19.1.3  Contraindications

• Uncorrectable coagulopathy.
• Metastatic disease – this is a relative C/I as there is an emerging role for ablation 

of certain metastases.
• No safe route to the tumour even with techniques like hydrodissection.

19.1.4  Technique

• Radiofrequency (RFA), microwave (MWA) and cryoablation are all acceptable 
techniques for percutaneous ablation of renal tumours.

• Advantages of MWA include faster ablation and larger, more homogenous abla-
tion zones than RFA.

• Cryoablation appears to be relatively protective of the support structures includ-
ing hilar vasculature and the collecting system.

• The choice of technique is largely down to the experience of the operator and 
availability of equipment.

• Technique is as described previously (see Introduction to Interventional Oncology).
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• Hydrodissection has an important role particularly for tumours in proximity to 
the colon in the anterior kidney.

• Pyeloperfusion is helpful for thermal techniques used adjacent to the renal col-
lecting system to prevent injury and long term complications such as ureteric 
strictures.

19.1.5  Postprocedural Care

• Overnight hospital stay post-procedure is standard.
• Analgesia is administered as required.
• Routine follow-up imaging is performed to assess for recurrence.

19.1.6  Complications

Minor Pain, paraesthesia, transient haematuria, transient chyluria and subcapsu-
lar haematoma. (all 1–5%)

Major Haemorrhage requiring transfusion and/or embolisation (1% for RFA and 
MWA, 5% for cryoablation), collecting system or ureter injury (1.5%), 
abscess and bowel injury (both <1%), pneumothorax (2%).

19.2  Embolisation

• Embolisation is mainly indicated as part of a combined approach with surgical or 
ablative techniques in order to downsize a renal cell cancer tumour or as pallia-
tion for intractable haematuria in patients with inoperable tumours.

• Renal cell carcinomas are typically very vascular tumours and preoperative 
embolisation may render surgical resection safer.

• Pre-ablation embolisation may reduce the heat-sink effect found with RFA and 
render this technique more effective.

19.2.1  Technique

• Similar to liver embolisation, selective angiography of the renal arteries is 
 followed by superselective catheterisation of the branches feeding the tumour.

• The choice of embolic agent is influenced by the characteristics of the 
tumour and the vascularity of the kidney. Agents include ethanol or embolic 
particles.

• Pre-procedure workup and post-procedure care are similar to the previously 
described transarterial therapies. As with liver embolisation, most patients will 
experience some degree of post-embolisation syndrome which is self-limiting 
with supportive care.
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Case
A 76 year-old patient had an incidental finding of a small renal tumour on CT. 
Surveillance imaging showed interval tumour growth, therefore treatment 
was indicated. However, the patient was not fit for surgical resection due to 
multiple medical co-morbidities and percutaneous microwave ablation was 
performed, with a good outcome.

a b

c d

 

Percutaneous renal tumour microwave ablation. (a) Post-contrast CT demonstrates a par-
tially exophytic mass at the anterior interpolar region of the left kidney (arrow). There are 
loops of bowel anterior to the tumour. (b) A needle has been introduced into the fat between 
the renal tumour and the nearby bowel loops and dextrose injected to separate them. This is 
known as hydrodissection. (c) A microwave probe has been inserted into the tumour for 
ablation. (d) Follow-up post- contrast CT shows the tumour is no longer seen and there is a 
focal scar at the site (arrow)
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Key Points
• Small renal tumours are usually quite indolent and 1 in 4 are benign, 

 therefore nephron-sparing low-morbidity treatments are preferable.
• IO techniques (primarily ablation) are associated with reduced morbid-

ity, better preservation of renal volume and function, and improved 
recovery time.

• Currently percutaneous ablation is considered for patients unfit for surgery 
or with single kidneys or a predisposition to multiple renal tumours. Partial 
nephrectomy remains first-line treatment for patients fit for surgery but this 
treatment algorithm is in evolution as emerging evidence suggests that 
ablation therapies have similar outcomes to surgery.

• Ablation techniques include RFA, MWA and cryoablation.
• Embolisation is not curative for renal tumours and is typically used for 

devascularisation prior to surgery or ablation, to treat acute haemorrhage 
or palliate symptoms of intractable haematuria.
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20Interventional Oncology: Other

Elizabeth Ryan

20.1  Thoracic Interventional Oncology

• Surgical resection is the first line therapy for treating primary and metastatic 
pulmonary malignancy with curative intent.

• Percutaneous ablation is an alternative treatment offering a survival advantage in 
non-surgical candidates, with benefits over surgery including better preservation 
of normal lung parenchyma and lower treatment-related morbidity. Furthermore 
it is not necessary to suspend chemotherapy to undergo ablation.

20.1.1  Indications

• Primary-early stage disease (stage I and II disease; International Association for 
the Study of Lung Cancer IASLC 7th edition).

• Metastases-up to 5 less than 5 cm each, ideally less than 3.5 cm.
• Medical comorbidities-non-operative candidates.

20.1.2  Technical Considerations

Tumours results are best for tumours surrounded by normal lung. Tumours abut-
ting the pleura can be treated but this will cause increased periproce-
dural pain.

Heat sink results are less successful for tumours adjacent to vessels of 3 mm 
diameter or greater.
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Air aerated lungs has an insulating effect. This results in better heating in 
the centre of the ablation zone but limits ablation at the periphery, 
which must be taken into account when planning the ablation zone 
margin.

Route As for lung biopsy, a route to the tumour should be carefully planned 
that will be technically feasible without crossing fissures (this increases 
the risk of pneumothorax), or major vascular structures.

20.1.3  Patient Preparation

Clinical Thorough history and examination including indicators of pulmonary 
function, prior surgery and general medical condition. Many of these 
patients are smokers with associated cardiovascular comorbidities. The 
procedure should be discussed fully and informed patient consent given.

Labs Full blood count, coagulation status. INR should be less than 1.5, plate-
let count should be greater than 70 × 109/L.

Imaging Contrast-enhanced CT of the chest to evaluate the primary tumour and 
completion imaging of the abdomen and pelvis for metastatic disease.

NPO The patient should be fasting for 6 h pre-procedure.

20.1.4  Contraindications

• Uncorrectable coagulopathy.
• No safe route to the tumour.
• Poor respiratory function or severe bullous emphysema rendering the procedure 

unsafe with the patient being unable to tolerate a post-procedure 
pneumothorax.

• Other untreatable metastatic disease.

20.1.5  Technique

• RFA is the most established technique for percutaneous ablation in the chest but 
MWA and cryoablation have been proved safe and efficacious and the choice of 
technique is largely down to operator experience and preference.

20.1.6  Postprocedure Care

• The patient should lie supine or procedure-side-down for 4 h following the pro-
cedure to reduce the risk of pneumothorax.

• Pain relief is administered as required for less painful procedures; whereas 
patient-controlled opioid analgesia may be of benefit for pleural and chest wall 
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ablations. Otherwise postprocedure care is as described previously for abdomi-
nal ablation.

• A mild postablation syndrome characterised by low-grade fever and malaise is 
common and self-limiting.

20.1.7  Complications

• Pneumothorax is common (11–50%), chest drain required for 6–25%, broncho-
pleural fistula in 0.6%

• Pleural effusion (6–20%)
• Haemoptysis (3–9%), all intrathoracic haemorrhage including haemothorax 5–20%
• Thermal injury to the chest wall, recurrent laryngeal, phrenic, intercostal and 

brachial plexus nerves and skin (0.5–1.5%)
• Air embolism (<1%)

20.2  Prostate Cancer

• Prostate cancer is a common cancer ranging from low-grade low-volume inci-
dental disease to high-grade progressive disease with considerable mortality.

• The goal of prostate cancer care is to identify those cancers that require treat-
ment, and to treat with intent to cure while minimising morbidity.

• Prostate cancer is often multifocal and focal treatments aim to target the index or 
dominant lesion as it is taken to represent the most aggressive focus of disease.

• Focal treatments include image-guided cryoablation and other new techniques 
under development including high-intensity focused ultrasound (HIFU), photo-
dynamic therapy, laser ablation.

20.3  Ovarian Cancer

• There is a survival benefit with tumour debulking, or “cytoreduction” even in 
advanced stage ovarian cancer.

• As with surgical debulking, IO techniques cannot currently offer a cure for 
advanced disease but may improve survival via cytoreduction. Very limited stud-
ies suggest the safety and efficacy of ablative techniques like RFA, MWA and 
cryoablation for local control and palliation.

20.4  Benign Bone Lesions

• Many benign bone lesions are readily diagnosed on imaging, predominantly 
plain radiographs, and the majority are incidental asymptomatic findings which 
do not require management.
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• For a small number of patients, benign bone lesions may result in pain or patho-
logical fractures.

• Percutaneous ablation offers relief of symptoms with the morbidity and recovery 
associated with surgery. For example, percutaneous ablation is now a curative 
first-line treatment for osteoid osteomas, a benign bone lesion which presents 
with pain.

20.5  Musculoskeletal Malignancy

• Indications for percutaneous ablation in bone malignancy include pain relief, 
halting local progression into critical structures and stabilisation of collapsing 
pathological vertebral fractures.

• Previously described ablation techniques may be used for primary and secondary 
bone tumours, as well as cementoplasty which has benefits for structural support 
and pain relief. This involves injection of bone cement directly into the tumour 
via an image-guided percutaneous needle (See chapter on Musculoskeletal 
intervention).
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21Carotid Angioplasty and Stenting (CAS)

Hamed Asadi

21.1  Introduction

• Ten percent of acute ischemic strokes (AIS) are due to severe carotid artery 
 stenosis, making carotid revascularization one of the most important therapeutic 
managements in ischemic stroke.

• Older guidelines had reserved carotid artery stenting (CAS) for severe stenosis in 
symptomatic patients considered high risk for carotid endarterectomy (CEA).

• These guidelines were based on multiple previous trials including the North 
American Symptomatic Carotid Endarterectomy Trial (NASCET) and European 
Carotid Surgery Trial (ECST) that provided evidence of the superiority of CEA 
as the best medical therapy for symptomatic patients.

• However, the recent long-term results from the Carotid Revascularization 
Endarterectomy Versus Stenting Trial (CREST), with over 10-years comprehen-
sive follow-up, did not find a significant difference between patients who under-
went stenting versus those who underwent endarterectomy with respect to the 
risk of peri-procedural stroke, myocardial infarction, or death, as well as subse-
quent ipsilateral stroke. Also, the rate of post-procedural ipsilateral stroke also 
did not differ between the two groups.

• This equipoise likely benefitted from increasing refinement in CAS device tech-
nology and improving techniques over the past decade.

• The jury is still out for asymptomatic patients, as the current evidence for this 
group of patients, based on Asymptomatic Carotid Atherosclerosis Study 
(ACAS) and the Asymptomatic Carotid Surgery Trial (ACST), is of CEA supe-
riority in patients with more than 60% carotid stenosis, with approximately 5.5% 
reduction in 5-year stroke risk over CAS.
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• The most important question about patients with asymptomatic significant 
carotid stenosis, recently defined as more than 70%, is whether medical 
treatment alone is sufficient or inferior to combined medical therapy and 
surgical intervention, and if inferior whether there is equipoise between 
CAS and CEA.

• This is the question that the CREST-2 study is trying to answer by 2020.

21.1.1  Procedural Risk and Risk Reduction Strategies

• In addition to operator experience, procedural volumes have a direct impact on 
the outcome of CAS.

• There are different factors influencing the overall risk associated with carotid 
artery stenting including anatomic features such as echo-lucent plaques, unfa-
vourable aortic arches, tortuous vessels, lesion calcification, and complex lesions, 
as well as procedural time which may prolong catheter and guidewire manipula-
tion within a fragile vascular bed.

• Embolisation protection devices (small removable filters placed during stent 
placement) have been proven to be beneficial in prevention of peri-procedural 
distal thromboembolic events, by making retrieval of iatrogenic debris possible 
with an astonishing relative risk reduction of greater than 50%.

• There are individual differences in peri-procedural medication for CAS depend-
ing on the local hospital policy and guideline. However, patients should usually 
be medicated at least 1 day prior to intervention with combined Asprin (75–
600 mg) and Clopidogrel (300–600 mg); followed by on the Table IV infusion of 
80 IU/kg heparin (5000–7000 IU) just before the guide wire is advanced into the 
carotid artery.

• Depending on local policies and guidelines, post-procedurally patients are pre-
scribed daily Clopidogrel (75 mg) and Aspirin (75–150 mg) for at least 30 days 
(usually 6–12 months) followed by daily Aspirin only indefinitely.

21.2  Procedure Indications

There is no definite consensus on the indications for carotid artery stenting; how-
ever, following recent trials showing non-inferiority of CAS compared with CEA, 
the indications are rapidly growing:

• Crescendo TIAs with significant carotid stenosis.
• Intermittent TIAs due to significant carotid stenosis, non-responsive to medical 

management.
• Acute stroke for thrombectomy with or without tandem occlusion, with underly-

ing severe carotid stenosis.
• Flow limiting or symptomatic carotid dissection.
• Traumatic carotid injuries with pseudoaneurysm, which usually require a cov-

ered stent.
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• Cerebral hypo-perfusion with intermittent neurological symptoms due to severe 
underlying carotid stenosis. Although still under investigation, there is emerging 
evidence for the potential role of cerebral hypo-perfusion in causing cognitive 
decline due to severe carotid stenosis.

• Established infarction with underlying carotid stenosis maybe subjected to  stenting 
depending on the extent of the abnormalities, and usually in a delayed fashion.

21.3  Procedure Contraindications

• Lack of expertise or unavailability of the required technology.
• Recent large established infarction at the time of presentation.
• Complete arterial occlusion.
• Contraindication for proper antiplatelet treatment.
• Impossible access or cannulation.

21.4  Patient Preparation

• Dynamic carotid stenosis interrogation by US, with Doppler velocity assessment.
• Patient should preferably have cross sectional angiographic imaging, preferably 

a CT angiogram from the aortic arch to the vertex of the skull.
• Routine blood tests, including coagulation profile.
• Dual antiplatelet therapy prior to the procedure, depending on institutional 

protocols.
• Platelet sensitivity-reactivity assessment just before the procedure, depending on 

the institutional availability

21.5  Complications

The overall complication risk is usually considered less than 6% if the procedure is 
performed in an experienced institution:

• Thromboembolism and resultant ischemic stroke.
• Vasovagal and asystole.
• Carotid dissection, tear or occlusion.
• Stent malposition.
• Stent fracture or occlusion.
• Chronic stent induced thromboembolism.
• In-stent stenosis.
• Groin complications.
• Reperfusion syndrome and intrarenal haemorrhage.
• Complications secondary to pre- or post- operative antiplatelet or anticoagulation 

treatment.
• Death.
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21.6  Case Study

• Seventy-five-year-old male patient presented with crescendo TIAs with a right 
sided hemiparesis. He was diagnosed with multilevel high grade left internal 
carotid artery stenoses, confirmed on US, with no evidence of a visible acute 
infarction or haemorrhage on his CT brain. He received 600 mg of Asprin and 
600 mg of Clopidogrel 4 days prior to the procedure (Fig. 21.1).

• This patient had 2 stenoses on angiography and 2 stents were placed after first 
inserting a filter to trap any debris dislodged during the procedure

• Gentle remodelling at the level of the inserted stents was performed using a 
5 mm balloon. This is because when stents are deployed through a narrowed 
area, they conform to the internal dimensions of the lumen. Therefore, the stent 
will have a waist in the area of the stenosis which requires balloon expansion.

• In some centres during balloon expansion of the stent, the patient is asked to 
squeeze a squeaky rubber duck in his contralateral hand intermittently to ensure 
his level of consciousness and intact motor function.

• Final angiographic runs demonstrated a good radiographic result (Figs. 21.1 
and 21.2) with no complications and normal intracranial arteries. Patient 
remained on dual antiplatelet therapy for 6 months, followed by 75 mg aspirin 
daily for life.

21.7  Post-procedure Care and Review

• Post-operatively patients are usually transferred to specialised neurology wards; 
however, depending on the clinical status and potential procedural complications 
high dependency or neurointensive care may be required for close monitoring of 
clinical status and vital parameters, e.g. BP.

• All immediate postop patients require regular monitoring of the arterial puncture 
site and limb vascular assessment, as per protocol.

• All postop patients require regular neurological assessment, as per institutional 
protocol.

• Dual antiplatelet therapy should be continued, depending on the institutional 
experience and protocol for 3–6 months, usually followed by 75 mg of Aspirin 
only for life.

• Patients with crescendo TIAs, usually remain as inpatients for at least 2 days, 
then depending on their recovery post stenting, can be discharged home.

• There is no universal consensus regarding postop followup, but repeat CT or CT 
angiogram is generally not recommended in immediate post-op period unless 
there is clinical concern.

• Depending on institutional protocols, long term follow-up imaging can be per-
formed by annual Duplex US to assess for potential restenosis or in-stent 
complications.
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Fig. 21.1 Left CCA frontal (a) and lateral (b) angiograms demonstrating near complete ECA 
occlusion and severe proximal (Arrowhead) and distal (Arrow) cervical ICA stenoses. (c, d) dem-
onstrating filter-wire at the base of the skull (Arrow) with stenting of the distal stenosis (Arrowhead); 
followed by further proximal stent insertion (Arrowhead) on (e, f)

 

a b

c d
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a cb

Fig. 21.2 Very good positioning of the both stent shown on AP and Lateral injections (a, b), with 
residual narrowing which responded well to the subsequent balloon remodelling (c) with excellent 
final angiographic result

e f

Fig. 21.1 (continued) 
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21.8  Case Discussion

• Transient Ischemic Attack (TIA) is a relatively common medical condition; how-
ever, the exact definition of the condition is a matter of controversy with a new 
school of thought emerging debating its existence as an entity distinct from the 
ischemic stroke syndrome.

• Parallel to overall increasing prevalence of atherosclerotic diseases, there is an 
undeniable increase in the incidence of carotid stenosis, which is potentially one 
of the sources of thromboembolism in TIA and acute ischemic stroke (AIS) as 
well as in patients with chronic cerebral hypo-perfusion.

• Given the potential risk of AIS and its high mortality and morbidity, intervention 
is imperative in severe carotid stenosis.

• Severity of the carotid stenosis depends on its potential haemodynamic effect. 
This can be assessed using CT or MR angiographic techniques which can 
investigate the luminal narrowing or presence of atherosclerotic plaques, or 
alternatively can be evaluated with doppler US by measuring the blood flow 
velocity.

• Although not universally accepted, filter-wires have been shown to have a pro-
tective effect against distal thromboembolism during carotid stent placement.

• Any endoluminal manipulation around the carotid bifurcation or ICA bulb 
can result in a vasovagal response and profound bradycardia, which may 
require pharmacological reversal, i.e. Atropine (300–600 μg), which should 
be on hand.

• Patient should continue dual antiplatelet therapy for a period of 3–6 month fol-
lowed by Asprin for life.

Key Points
• Acute stroke is a relatively common clinical condition with potential cata-

strophic outcome, which sometimes can present with prodromal episodes 
of TIAs.

• One of the common causes of TIAs is atherosclerotic stenosis of the ICA.
• CAS has been through a tempestuous research journey and is sometimes 

thought to be the most comprehensively studied and skeptically interro-
gated medical technique in the history of medicine

• However, the most recent CREST results have demonstrated an overall 
unequivocal equipoise between CAS and CAE, which is most likely going 
to maximise the role of CAS.

• Premedication and post-op antiplatelet therapy is essential for patients 
with planned CAS.
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22Acute Ischemic Stroke

Hamed Asadi

22.1  Introduction

• Stroke is considered one of the major public health problems and the third 
 costliest health condition in developed countries.

• It is the most common cause of adult disability in developed countries, requir-
ing long term costly rehabilitation and is the principle cause of 1 out of every 
16 deaths.

• For example, in Australia, a country with a population of less than 25 million, 
every 10 min someone has a stroke, and every 40 min, someone dies from one, 
with the total economic costs of stroke have been estimated to exceed $4 billion 
a year.

• The majority of strokes are ischemic in nature with only about 15% being due to 
haemorrhagic events.

• In ischemic stroke, a core area of tissue dies due to under-perfusion and an area 
of surrounding hypo-perfused tissue with patent collateral vessels remains sal-
vageable. This hypo-perfused tissue has been referred to as the “penumbra” 
which if revascularised in a timely manner can be saved.

• In a typical acute ischemic stroke, the brain loses 1.9 million neurons, 14 billion 
synapses, and 7.5 miles of myelinated nerve fibres every minute.

• Therefore, urgent recanalisation of the occluded artery and restoration of blood 
flow is considered the most important therapeutic step to reperfuse threatened 
brain parenchyma before an irreversible infarction is established, to reduce 
morbidity and mortality.
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• Studies have estimated that there is a benefit of 1.8 days of added healthy life for 
each minute saved in terms of time to treatment, and a metanalysis has 
 demonstrated that successful recanalisation increases the chance of a good func-
tional outcome with an odds ratio of approximately 4.5, significantly reducing 
mortality at 3 months.

22.1.1  Treatment Options

22.1.1.1  Extra-Arterial Thrombolysis
• Almost 20 years ago, in 1996, intravenous tissue Plasminogen Activator (IV- 

tPA) was approved as the first thrombolysis medication and practically the only 
treatment option in ischemic strokes, when administered within 3 h from onset; 
Now, it is the standard first line treatment in those who are eligible (non-contrast 
CT brain excluding a haemorrhagic stroke).

• Provided no contraindications exist, it is administered at a dose of 0.9 mg/kg, 
with a maximum of 90 mg, with 10% of the medication given as a bolus and the 
remainder infused over 1 h.

• The safety and efficacy of IV-tPA within the first 3 h of the onset of symptoms 
was demonstrated in the NINDS (National Institute of Neurological Disorders 
and Stroke) study.

• However, the envelope of time limitation was stretched in subsequent research 
studies, like ECASS-3 (European Cooperative Acute Stroke Study 3), with the 
proposed guidelines changed accordingly to include those patients who pre-
sented within 4.5 h, and there is now an ever increasing number of trials looking 
into the safety and efficacy of IV-tPA beyond this time window.

• The success rate of IV-tPA in recanalisation is reduced in large vessel occlu-
sion (thrombus in a major artery such as the internal carotid or middle cerebral 
arteries) and has never shown to be more than 50% and is more likely to be 
around 30%.

• This limited success in recanalisation, with critical time limitations, makes IV- 
tPA less than ideal in managing patients with large vessel occlusion.

• Overall, the success of intravenous thrombolysis depends on numerous factors 
including thrombus type, location and extent, collateral circulation, underlying 
comorbidities, patient’s age, time to commencement of treatment and time to 
recanalisation; furthermore, studies have shown that large calibre proximal arter-
ies are unlikely to be responsive to IV thrombolysis alone.

• Clinical trials have also shown that the likelihood of recanalisation negatively 
correlates with thrombus burden, with those having a clot size more than 8 mm 
in length having a significantly lower chance of achieving recanalisation by 
IV- tPA alone.

• The effectiveness of IV-tPA is also affected by the composition of the occlusive 
clot with emboli originated from large vessel atherosclerotic lesions (usually 
from the internal carotid artery) shown to be less responsive, compared with 
fibrin rich cardioembolic thombi.
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• In addition, early reocclusion of arteries with large vessel occlusion has been 
shown to occur in up to 20% of cases, when recanalised initially by 
IV-tPA.  Therefore, there have been major initiatives over the last several years to 
examine and develop new techniques to improve recanalisation rates and clinical 
outcome in patients with large vessel occlusion.

• These newly proposed therapeutic techniques not only consist of other extra- 
arterial methods of thrombolysis, but also a variety of endovascular techniques 
with the aim of improving revascularisation rates and improved clinical outcome.

• Endovascular techniques imply using a device which is inserted through the 
femoral artery in the groin to rapidly remove large vessel thrombus

22.1.1.2  Endovascular Treatment
• PROACT II (Prolyse in Acute Cerebral Thromboembolism) was the first study to 

examine the efficacy of intraarterial thrombolysis instead of intravenous throm-
bolysis, and since then intraarterial thrombolysis and mechanical thrombectomy 
has always had the appealing potential of rapid recanalisation and accelerated 
reperfusion with a potential for reduced haemorrhagic risk.

• The MERCI device was a corkscrew shape device with helical Nitinol loops, 
which was specifically designed for placement into the thrombus for enbloc 
removal. It was the first officially approved thrombectomy device with its safety 
and feasibility assessed in MERCI and Multi-MERCI trials.

• However, the idea of using stents in the treatment of acute ischemic stroke fol-
lowed from the introduction of intracranial self-expanding stents for treatment of 
intracranial atherosclerotic stenosis.

• The initial attempts made in the treatment of acute ischemic stroke was by 
deployment of the stent across the thrombus at the occluded segment.

• One of the major conceivable complicating factors of this therapy was the need 
for concurrent antiplatelet-anticoagulation therapy and potential risk of 
haemorrhage.

• On the other hand, the introduction of detachable stents for stent assisted coiling 
of cerebral aneurysms, raised the possibility of using retrievable stents, which 
would retrieve clot in mechanical intracranial thrombectomy, with the further 
advantage of rapid recanalisation without the above-mentioned risks and compli-
cations of leaving a permanent stent in situ.

• The first two devices to be approved for this purpose were Solitaire-FR™ from 
Covidien® and Trevo™ from Stryker®, which were followed by similar products 
including Trevo-ProVUE™ (Stryker®), Revive™ (Johnson & Johnson®), 
EmboTrap™ (Neuravi®), Eric™ (Microvention®), Catch™ and Catch-Mini™ 
(Balt®).

• Contrary to suction thrombectomy or even stent insertion, these devices not only 
displace the thrombus to the periphery of the vessel and temporarily restore the 
flow, they also capture the thrombus by incorporating the clot through their inter-
stices to make it possible to withdraw the trapped clot when the stent is removed.

• Following multiple initial futile attempts to prove the efficacy of mechanical 
thrombectomy, eventually in the second half of 2014 the Dutch MR-CLEAN 
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(Multicenter Randomized CLinical trial of Endovascular treatment for Acute 
ischemic stroke in the Netherlands) study demonstrated superiority in endovas-
cular intervention, when the trial results were presented at the 9th World Stroke 
Congress.

• This was followed by release of the results of multiple other concurrent trials 
from around the world, including EXTEND-IA (Extending the Time for 
Thrombolysis in Emergency Neurological Deficits - Intra-Arterial) and ESCAPE 
(Endovascular treatment for Small Core And Proximal occlusion ischaemic 
stroke) which were very notably positive.

• Overall, these randomised control clinical trials were successful in demonstrat-
ing significant improvement in the outcome of patients with large vessel occlu-
sion who received mechanical thrombectomy with decreased mortality when 
compared to the control groups who received IV thrombolysis.

• However, it is important to remember that even this endovascular treatment has 
a certain window of time and each one of the trials established a strict time win-
dow eligibility from the time of onset, with none of the patients enrolled under-
going endovascular mechanical thrombectomy more than 12 h from the time of 
onset of the stroke.

22.2  Procedure Indications

There is almost no consensus on indications for endovascular stroke intervention, 
and it is decided very much based on individual merits; however, the following are 
some of the important considerations:

• Severe stroke, with high stroke score. Depending on the centre, this is usually 
considered as NIHSS of more than 6. National Institute of Health Stroke Score 
(NIHSS) is a complicated, but validated and structured examination algorithm, 
commonly used to standardise assessment of the severity of stroke based on a 
scoring system (Table 22.1).

• Limited deficit but with significant impact on the victim, although NIHSS is low, 
e.g. aphasia in a young patient.

• Technical and expertise availability.
• Long segment proximal occlusion.
• Severe cervical arterial disease which needs concurrent treatment.
• Cervical arterial dissection which limits distal flow, requiring treatment.
• Unresponsiveness or contraindication to IV thrombolysis with tPA.
• Normal or near normal in usual daily activities, which can be assessed by ADL 

(Activities of Daily Living), but more commonly is measured by mRS (modified 
Rankin Score), and usually considered appropriate for intervention if mRS < 3 
(Table 22.2).

• Posterior circulation stroke. Vertebrobasilar syndrome due to arterio-occlusive 
disease.
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Table 22.1 Simplified and summarised version of NIHSS

Axis Definition and scoring

Consciousness 1a. Level 0 = Alert; keenly responsive
1 = Not alert; but arousable by minor 
stimulation
2 = Not alert; requires repeated 
stimulation to attend
3 = Only reflexive/autonomic motor or 
unresponsive

1b. Questions 0 = Answers both questions correctly
1 = Answers one question correctly
2 = Answers neither question correctly

1c. Commands 0 = Performs both tasks correctly
1 = Performs one task correctly
2 = Performs neither task correctly

Eyes 2. Best gaze 0 = Normal
1 = Partial gaze palsy
2 = Forced deviation, or total gaze 
paresis not

3. Visual 0 = No visual loss
1 = Partial hemianopia
2 = Complete hemianopia
3 = Bilateral hemianopia (including 
cortical)

Motor 4. Facial palsy: 0 = Normal symmetrical movements
1 = Minor paralysis
2 = Partial paralysis
3 = Complete paralysis

5. Motor arm 5b. Right arm 0 = No drift
1 = Drift
2 = Some effort against gravity
3 = No effort against gravity
4 = No movement
UN = Amputation or joint fusion

5a. Left arm

6. Motor leg 6b. Right leg 0 = No drift
1 = Drift
2 = Some effort against gravity
3 = No effort against gravity
4 = No movement
UN = Amputation or joint fusion

6a. Left leg

7. Ataxia Upper 0 = Absent
1 = Present in one limb
2 = Present in two limbs
UN = Amputation or joint fusion

Lower

8. Sensory 0 = Normal; no sensory loss
1 = Mild-to-moderate sensory loss
2 = Severe to total sensory loss

(continued)
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Table 22.1 (continued)

Axis Definition and scoring

Speech 9. Best language 0 = No aphasia; normal
1 = Mild-to-moderate aphasia
2 = Severe aphasia
3 = Mute, global aphasia

10. Dysarthria 0 = Normal
1 = Mild-to-moderate dysarthria
2 = Severe dysarthria
UN = Intubated or other physical 
barrier

11. Extinction and inattention (neglect) 0 = No abnormality
1 = Sensory or personal inattention
2 = Profound hemi-inattention or 
extinction

Table 22.2 Simplified and 
summarised version of 
modified Rankin Scale (mRS) 
and Barthel index of 
Activities of Daily Living 
(ADL)

modified Rankin Scale

mRS Clinical status

0 No symptoms

1 No significant disability

2 Slight disability

3 Moderate disability, but able to walk

4 Moderately severe disability

5 Severe disability

6 Dead

Barthel index

Axis Condition

Incontinence Faecal

Urinary

Assistance needed 
with

Grooming

Toilet use

Feeding

Transfers

Walking

Dressing

Climbing stairs

Bathing
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22.3  Procedure Contraindications

It is always difficult not to treat a stroke victim, but the following should be considered 
as endovascular intervention may be fruitless and potentially harmful to the patient:

• Lack of expertise or unavailability of the required technology.
• Large established infarction at the time of presentation, based on CT/MR perfu-

sion or diffusion studies. The exact volume differs depending on the institutional 
experience, but generally greater than 70–100 ml of infarction core.

• Large infarction core based on the noncontrast CT brain.
• Proven absence of significant amount of salvageable tissue. This depends on the 

availability of advanced penumbral imaging (using special CT or MR tech-
niques) and local expertise.

• Very late presentation (usually more than 6–8 h post onset), or a wakeup-stroke 
(someone who was likely asleep when stroke happened).

• However, patients who present late, but do not have a large infarction core, may 
still benefit from intervention. This depends on the individual institutional policy.

• Advanced comorbidities with poor prognosis, or advanced disability, with low 
ADL and usually mRS > 3.

• Presence of intracranial hemorrhage.
• Inability to gain arterial access, due to vascular occlusion or tortuosity.
• Mild stroke with low NIH stroke score (NIHSS).
• Small distal vascular occlusion, as current evidence is limited to the large proxi-

mal arterial thromboembolic disease.

22.4  Patient Preparation

• In patients with large vessel occlusion as determined by CT, IV-tPA should not 
be delayed, and if indicated should be given immediately after a haemorrhagic 
stroke has been ruled out.

• If large vessel occlusion is seen a CT angiogram from aortic arch to the vertex of 
the skull is performed.

• Penumbral imaging (to estimate the size of the penumbra in patients with large 
vessel occlusion) and assessement of collateral pathways is performed depend-
ing on institutional availability.

• Immediate transfer to the angiographic suite, if no contraindications.
• Controlling the blood pressure above a certain level. The exact level depends on 

the institutional experience and the patient history of systemic hypertension, but 
generally a systolic blood pressure below 140 mmHg is likely detrimental.

• Preference is for intervention to be performed with the paient awake to avoid 
potential delay as well as any hypotension developing during induction of anes-
thesia. However, if the patient is very uncooperative, liaison with anesthesiology 
is needed.

• Conscious sedation if absolutely required.
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• Prioritizing the activities in the angiography suite to avoid any delay, e.g. trans-
portation, preparing the access site, or collecting required equipment.

• Blood tests, or correction of patient’s coagulative status is generally not recom-
mended, as can it delay revascularisation.

22.5  Complications

Overall, mechanical thrombectomy in a subspecialised center carries less than 12% 
risk, and although symptomatic intercranial haemorrhage is likely the most common 
complication post thrombectomy, seen in approximately 5% of the cases; it is unlikely 
to be solely related to the procedure itself and is most likely contributed to by naturally 
caused haemorrhagic transformation within the established infarction core.

• Intracranial arterial rupture.
• Clot fragmentation and distal arterial embolisation (‘trashing’).
• Failure to recanalise or partial revascularisation.
• Brain artery complications: dissection or severe vasospasm.
• Groin complications: dissection, occlusion, haemorrhage, and pseudoaneurysm.
• If cervical carotid recanalisation/stenting is also required: dissection, occlusion, 

stent failure or complications secondary to anticoagulation and antiplatelet.
• Death.

22.6  Case Study

22.6.1  Presentation

• Fifty-four-year-old female patient.
• She presented with stroke to a tertiary hospital at 3:30 pm.
• She had a collapse at home at around 1:30 pm, with persistent right facial droop, 

slurring of speech and right arm weakness at the time of presentation.
• The stroke score was estimated at 18 based on NIHSS at the time of presentation.
• In the history, patient was diagnosed with atrial fibrillation and was on warfarin 

until 10 days earlier when it was stopped prior to an elective mastectomy for breast 
cancer.

• Otherwise there was no significant clinical history with patient fully active and 
still working as a secretary (mRS of 0).

22.6.2  Imaging Investigation

• Initial CT brain demonstrated a long segment hyperdense thrombus in the MCA 
(middle cerebral artery) with moderate size established infarction, involving the 
left frontal and temporal lobes, as well as the insular ribbon.
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• On the CT angiogram, the left ICA (internal carotid artery) was not opacified 
beyond its middle third, with an occluded intracranial ICA.

• MCA was occluded with multiphase CTA demonstrating good collateral perfu-
sion to the affected territories.

22.6.3  Management and Procedure

• Because the mastectomy surgery was performed only 3 days earlier, after quick 
consultation with the surgeon, the decision was made not to administer thrombolysis 
with IV-tPA and after discussion with the interventional neuroradiologist, the patient 
was transferred to a comprehensive stroke center for endovascular thrombectomy.

• After arrival to the angiographic suite, a right CFA 8Fr uphill access was estab-
lished followed by a left carotid angiogram. The ICA opacified to its supra- 
ophthalmic portion, with a stagnant column of contrast, indicating a further distal 
occlusion (Fig. 22.1).

• An 8Fr guidecatheter was placed within the distal cervical ICA, followed by 
insertion of an intermediate catheter into the petrosal ICA.

• A small microcatheter with a microwire were advanced through the occluded 
MCA and placed into the inferior MCA division, with the position confirmed 
using small amounts of contrast material.

a b

Fig. 22.1 (a) Left ICA frontal angiograms with the tip of the guidecatheter (Arrow head) at the 
carotid bulb, demonstrating no luminal opacification beyond the supra-ophthalmic segment 
(Arrow). (b) An intermediate catheter was placed into the petrosal ICA, then an inner microcath-
eter/microwire (Arrowhead) was advanced through the occluded MCA and a stentretriever was 
placed across the occluded segment of the artery (Arrow)
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• Subsequently a stentretriever was advanced through the microcatheter with its 
distal portion and the leading tip parked beyond the thrombus (Fig. 22.2).

• The stent not only pushes the thrombus against the wall of the artery, but also 
thrombus passes through the relatively large interstices of the stent, and is trapped 
inside.

• After a 3–5 min delay, the stent-retriever and microcatheter were withdrawn 
while vigorous suction was applied through the guidecatheter.

• Moderate amounts of thromboemboli were extracted with complete recanalisa-
tion of the MCA and its inferior division.

• Stentretriever was then placed within the superior division, and further thrombo-
embolic fragments were extracted.

• Complete recanalisation of the MCA and its divisions demonstrated on the final 
runs at 5:30 pm, approximately 4 h post stroke onset (Fig. 22.2).

a

c

b

Fig. 22.2 (a) Stentretriever (Arrow) and microcatheter (Arrow head) were withdrawn together 
with small thromboembolic fragments extracted. (b) Complete MCA recanalisation with normal 
opacification of the distal branches. (c) Schematic diagram demonstrating positioning of the guide-
catheter (Yellow), microcatheter (Grey) and stentretriever (Blue with Black Pusher) relative to the 
thrombus (Brown) within the Artery (Red)
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22.6.4  Outcome

• Patient was transferred back to the referring hospital with significant clinical 
improvement within the course of the next 24 h with a final stroke score of 5, 
improved from 18.

22.7  Post-procedure Care and Review

• Post-operatively patients are usually transferred to a high dependency or neuro-
intensive unit depending on their clinical status for close monitoring of clinical 
status and vital parameters, e.g. BP.

• If the procedure is performed under general anesthesia, they will be transferred 
to a dedicated recovery area.

• All immediate post-procedure patients require regular monitoring of the arterial 
puncture site and limb vascular assessment.

• Regular neurological assessment, as per institutional protocol.
• Patients with acute ischemic stroke usually remain as inpatient for at least 

2–3 days depending on their recovery, followed by rehabilitations if needed. 
Those who need further investigations for the cause of stroke will stay longer.

• There is no universal consensus regarding post-procedure followup, but a repeat 
CT in 24 h is recommended to assess for the size of established infarction, and to 
exclude potential haemorrhagic transformation prior to commencement of anti-
coagulation or antiplatelet medication if indicated.

22.8  Case Discussion

• Acute ischemic stroke (AIS) is a serious medical condition, with a high morbid-
ity and mortality, as well as large social and economic impact.

• The clinical severity of a victim of acute ischemic stroke is usually measured 
based on a complex clinical scoring system introduced by the National Institutes 
of Health in the USA (NIHSS) (Table 22.1).

• The patient’s abilities in terms of day to day activities is estimated using a scor-
ing system developed by Glascow University and subsequently modified by the 
researchers at the University of Edinburgh, mRS (modified Rankin Score) 
(Table 22.2)

• The aim in treating acute ischemic stroke is to recanalise the occluded artery, 
revascularise the affected territory and ultimately reperfuse salvageable tissue 
before the infarction core progresses further.

• Revascularisation can be achieved by using intravenous thrombolytic agents; 
however, they have limited success in patienst with large vessel thrombus/occlu-
sion and combined endovascular treatment with thrombolysis, if possible, has 
been shown to be superior in these patients with large vessel occlusion.
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• Stentretrievers have revolutionised endovascular recanalisation with more than 
an 85% success rate; however, not all thromboemboli are extractable and some-
times other techniques, including suction thrombectomy may be required.
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Key Points
• Acute stroke is a relatively common clinical condition, requiring emer-

gency treatment, with potential for significant morbidity and mortality.
• The most common type of stroke is ischemic in nature (more than 85%), 

compared with haemorrhagic stroke (approximately 15%).
• Urgent revascularisation of the occluded artery is the primary goal in man-

agement of acute ischemic stroke.
• Intravenous thrombolysis with tPA has been the standard treatment for 

those presented with AIS for the last two decades, and is still of great 
therapeutic value.

• However, some patients have contraindications for IV thrombolysis, and in 
addition, it has been shown to be ineffective in treating major arterial 
occlusions with large clot burden.

• Following the recent randomised controlled trials, endovascular thrombec-
tomy is becoming the standard treatment in managing AIS with large arte-
rial occlusion.

• Overall, no matter what technique is adopted in treating ischemic stroke 
victims, the ultimate goal is to reperfuse the threatened salvageable brain 
parenchyma as soon as possible to minimise the size of final infarction 
core and hence its clinical consequences.
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23Aneurysmal Subarachnoid  
Hemorrhage (aSAH)

Hamed Asadi

23.1  Introduction

• The overall prevalence of cerebral aneurysms has been reported variably from 
3.6% to 6% of the worldwide population, translating to approximately 1 in 50 
people having an unruptured aneurysm in the United States.

• They are most prevalent at 35–60 years of age with newly diagnosed aneurysms 
mostly developing in patient’s older than 40.

• Paediatric cases are also diagnosed, mainly in the context of underlying syn-
dromic conditions.

• There is a slight female predilection for aneurysms with a female to male ratio of 
approximately 3–2.

• The majority of the aneurysms measure between 3 and 2.5 cm in diameter (65–
85%) and carry a low-rupture risk (less than or equal to 1% per year).

• Aneurysms larger than 2.5 cm are referred to as “Giant”. Ten to 15% of patients 
diagnosed with a cerebral aneurysm have another aneurysm.

23.1.1  Aneurysm Rupture

• Rupture of cerebral aneurysms, also known as aneurysmal subarachnoid haem-
orrhage (aSAH), is a significant cause of death and disability worldwide, esti-
mated at half a million deaths every year, with approximately 40% overall 
mortality; however, an estimated 50 to 80 percent of all aneurysms never rupture 
or cause any symptoms during a person’s lifetime.
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• On the contrary, large and in particular, giant aneurysms can pose a significant 
risk of complications, with the annual rate of rupture estimated to be 6–12 or 
more precisely 8–10 per 100,000 people, equating to 30,000 patients in the 
United States per year, or approximately one aneurysm rupture every 18 min. 
Overall, giant aneurysms have more than 40% risk of rupture over 5 years.

• The median age of aneurysmal rupture is 50 years of age, with typically no warn-
ing signs, and it accounts for approximately 3–5% of all new strokes within the 
whole population.

23.1.2  Outcome of Subarachnoid Haemorrhage (SAH)

• About 10–15% of patients with aneurysmal haemorrhage will die before reach-
ing hospital with a subsequent 25% mortality within the first 24 h of the 
hemorrhage.

• The overall survival rate is estimated at less than 50%.
• Amongst survivors, approximately 66% suffer a permanent neurological deficit, 

while approximately 4 out of 7 people who recover from a ruptured brain aneu-
rysm will have long-term disabilities.

• A study in 2004 estimated the combined financial impact of these survivors and 
their carers, as up to $138,000,000 annually in the United States alone.

• Not only is there a high morbidity and mortality associated with aneurysm rup-
ture, but also aneurysm treatment costs significantly increase after a rupture.

23.1.3  Treatment

• The ultimate goal in treating an unruptured intracranial aneurysm is to exclude it 
from the circulation to prevent rupture.

• However, if an aneurysm has already bled, it still needs to be secured to prevent 
rebleeding.

• Prior to the introduction of the Guglielmi detachable coils (GDC) in 1990, mak-
ing endovascular coiling of the aneurysms possible, the only treatment option 
available was open surgical clipping.

• Advances in equipment and techniques, including invention of three dimensional 
coils, micro-stents and balloons as well as flow divertor stents, parallel to the 
introduction of balloon and stent assisted coiling, have made endovascular treat-
ment of wide neck or dissecting aneurysms possible.

• Endovascular intervention is now considered the first line treatment for intracra-
nial aneurysms, after results from the International Subarachnoid Aneurysmal 
Trial (ISAT) showed that endovascular coiling was associated with lower mor-
bidity and mortality rates compared with neurosurgical clipping.

• The optimal timing of definitive management for acutely ruptured intracranial 
aneurysms has been the subject of considerable debate over the last few decades.

• Although it was always believed that early treatment decreases the risk of rebleed-
ing, is was historically regarded as a higher risk than a delayed procedure.
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• However, over time there has been a move from the advocacy of “late intervention”, 
defined as more than 10 days post aneurysmal rupture, towards “early” surgery, 
defined as one to 3 days post SAH; and even recently a few studies have proposed 
“ultra-early” intervention, defined as within 24 h post SAH with improved clinical 
outcome.

23.1.4  Long-Term Prognosis

• Overall trends show that survival rates are increasing, despite the fact that the 
incidence of aSAH appears to be largely unchanged.

• However, because of all the advances in the management of aneurysms and post 
procedural care, there is an ever increasing number of people surviving who are 
potentially left with serious physical and cognitive deficits associated with sig-
nificant financial burden and reduced quality of life.

• Additionally, there are increasing numbers of patients with coiled aneurysms; 
requiring clinical and imaging follow up for early detection of aneurysm recur-
rence or recanalisation.

23.2  Procedure Indications

• Aneurysmal subarachnoid hemorrhage (Aneurysm Rupture).
• Unruptured aneurysm with estimated high risk for future rupture.
• Previously treated aneurysms (ruptured or unruptured) with significant 

recanalisation.
• Previously treated aneurysms (ruptured or unruptured) with significant recurrence.
• Aneurysms associated with other intracranial vascular anomalies (e.g. AVMs) 

with high risk of haemorrhage.
• Extradural Aneurysms (no risk for SAH) which are complicated (e.g. cranial 

neuropathy due to mass effect).

23.3  Procedure Contraindications

There is almost no absolute contraindication in treating a ruptured cerebral 
 aneurysm endovascularly; however, some relative contraindications are usually 
considered:

• Lack of expertise or unavailability of the required technology.
• Extremely poor prognosis, in particular clinical or imaging evidence for exten-

sive irreversible brain injuries.
• Severe comorbidities with very poor overall outcome.
• Extensive intraparenchymal haemorrhage with mass effect, requiring emergency 

urgent craniotomy and evacuation, in particular if the aneurysm is in the vicinity 
of the surgical field and amenable to clipping at the time of surgery.
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• Technical difficulty, either due to aneurysm morphology or vascular access.
• If endovascular treatment is only possible by insertion of scaffolding devices 

(e.g. stents), and anticoagulation or antiplatelet therapy is contraindicated.

23.4  Patient Preparation

For patients with ruptured aneurysm and subarachnoid haemorrhage:

• Thorough neurological assessment.
• Start fasting with anaesthetics review.
• Routine blood investigations.
• Optimisation of the coagulation profile if technically possible (preferably 

INR < 1.5 and PLTs >50,000).
• Reversal of potential anticoagulation or antiplatelets, if clinically possible.
• Insertion of ventricular drains if urgently necessary for hydrocephalus.
• Medical management of increased intracranial pressure if necessary.
• Vasospasm prophylaxis treatment as per institutional protocol (e.g. Nimodipine 

infusion-dihydropyridine calcium channel blocker).
• Blood pressure control based as per institutional protocols (e.g. mean arterial 

pressure < 130 mmHg), preferably with agents which have no detrimental effects 
on the intracranial pressure.

• Premedication, based on individual institutional protocols, if there is any history 
of significant contrast medium reactions.

23.5  Complications

Overall, complications are more likely in the case of a ruptured aneurysm compared 
with elective procedures:

• On table aneurysm rupture.
• On table parent artery rupture.
• Infarction due to: thromboembolism, coil protrusion or arterial sacrifice.
• Stent complications: occlusion, thromboembolism, and stenosis.
• Access complications: dissection or severe vasospasm.
• Balloon complications: dissection, rupture and thrombosis.
• Groin complications: dissection, occlusion, haemorrhage, and pseudoaneurysm.
• Death.

23.6  Case Study

• Fifty-five-year-old female patient.
• Presented with severe headache and progressive confusion.
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• This was diagnosed as subarachnoid haemorrhage on a noncontract CT brain.
• After informed consent from the next of kin, with aseptic technique while under 

general anaesthesia, via a right CFA uphill 8 French access, bilateral ICA and 
vertebral DSA (Digital Subtraction Angiography) was performed.

• DSA demonstrated a right MCA bifurcation saccular aneurysm measuring 
approximately 3 mm × 3 mm in perpendicular dimensions, with the neck esti-
mated to be 3 mm wide (Fig. 23.1).

• After the configuration of the aneurysm was further assessed using a 3D 
reconstructed image (Fig. 23.2) and deemed to be amenable for endovascular 

a b

c d e

f g

Fig. 23.1 Left ICA frontal (a) and lateral (b) angiograms (Arrow: ACA, Arrowhead: MCA & 
its branches), as well as lateral (c) and frontal (d) right and frontal (e) left vertebrobasilar injec-
tions (Arrow: right and left vertebral, Arrowhead: right and left PCAs), demonstrating normal 
anatomy with no aneurysms or significant vasospasm. Right ICA injection confirmed presence 
of a relatively small MCA bifurcation aneurysm (Arrow: right MCA & its branches, Arrowhead: 
bifurcation aneurysm), on both frontal (f) and lateral (g) projections (with magnified view of the 
aneurysm)
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treatment, the aneurysm was treated by balloon-assisted coiling (Fig. 23.2) 
with good exclusion of the aneurysm from the circulation.

• During the operation, 7000 international units of heparin was administered to 
prevent potential thromboembolic events.

23.7  Post-procedure Care and Review

• Post-operatively patients are usually transferred to a recovery bay following gen-
eral anaesthesia.

• Decision regarding extubation depends on the patients’ clinical status.

a b

c d

e f h

Fig. 23.2 External (a) and internal (b) rotational projections of the 3D surface rendered right 
MCA bifurcation aneurysm (Arrow) for operational planning, demonstrating its saccular configu-
ration and position of the neck, as well as likely point of rupture (Arrow head) Then a balloon 
(Hyperform) was positioned across the aneurysm neck (Arrow) and the aneurysm was coil 
embolised (Arrow head) through a microcatheter (Courier) (c and d). Good packing of the aneu-
rysm (Arrow) with no complications (e, f and g)
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• Patients with a low GCS usually remain intubated and are reassessed for extuba-
tion depending on clinical progress.

• Patients with aSAH are transferred to ICU or HDU depending on their clinical 
status for close monitoring of clinical status and vital parameters, e.g. BP.

• Patients with aSAH remain on vasospasm-protective treatment, depending on 
institutional protocols, e.g. nimodipine for 10 days.

• All immediate post operative patients require regular monitoring of the arterial 
puncture site and limb vascular assessment, as per local protocol.

• All post operative patients require regular neurological assessment.
• aSAH patients should be rigorously monitored for development of vasospasm 

and if clinically suspicious may require further vascular imaging.
• Depending on the results of vasospasm investigation, further medical or endo-

vascular interventions may be required.
• In cases requiring stent insertion, the patient may need loading or ongoing doses 

of antiplatelets or anticoagulation.
• Patients with aSAH usually remain as inpatients for at least 10 days to 2 weeks 

depending on their recovery followed by rehabilitations if needed.
• Uncomplicated elective cases are normally discharged in 24–48 h.
• There is no universal consensus regarding post-procedure followup, but as a rule 

of thumb, an endovascularly treated aneurysm should be revaluated in 3–6 months 
followed by annual imaging for 5 years to assess for recanalisation, recurrence or 
de novo new aneurysms. After 5 years, the interval is commonly changed to 
biannual follow-up.

23.8  Case Discussion

• Aneurysm rupture and subarachnoid hemorrhage is a serious medical condition, 
with high morbidity and mortality.

• The clinical severity of a victim of subarachnoid hemorrhage is usually graded 
based on the system introduced by World Federation of Neurological Societies 
(WFNS):

Grade Clinical presentation

I GCS 15

II GCS 13–14 without deficit

III GCS 13–14 with focal 
neurological deficit

IV GCS 7–12

V GCS < 7

• The size and extent of SAH is graded on noncontrast CT brain imaging.
• The aim in treating an aneurysm whether ruptured or unruptured is to exclude it 

from the circulation either externally, i.e. surgical clipping, or endovascularly.
• Endovascular treatment is achieved either by filling the aneurysm cavity or by 

covering its neck, to prevent entrance of blood into the aneurysmal sac.
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• Endovascular treatment of aneurysms is performed under general anesthesia, 
mainly to avoid any potential movement of the head rather than due to the poten-
tial procedural discomfort.

• Coils are of different size, shapes and length and those used for cerebral emboli-
sation are almost exclusively detachable.

• Overall, patients who undergo coil embolisation have a higher risk for recanali-
sation and must be followed with imaging.
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Key Points
• Cerebral aneurysms are relatively common but rupture is comparatively 

rare.
• Cerebral aneurysm rupture usually leads to subarachnoid hemorrhage 

which is a very serious medical condition with high morbidity and 
mortality.

• Emergency specialised care is needed for those with SAH, and they should 
be managed by a multidisciplinary team.

• Treatment of the cerebral aneurysms can be performed by open surgical 
clipping, or by endovascular methods.

• Overall, endovascular treatment of aneurysms is the preferred technique 
with less morbidity and better outcome, however it depends on the techni-
cal suitability and availability of the technology and expertise.
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