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Preface

Interventional radiology (IR) is a subspecialty of radiology that utilizes minimally
invasive image-guided procedures to diagnose and treat conditions in nearly every
organ system. Interventional radiology is a relatively new specialty, and the year
2014 marked the 50th anniversary of the specialty. The growth of IR has been par-
ticularly noticeable in the last two to three decades. This is a specialty that requires
a good combination of clinical expertise and technical skills. Many of the proce-
dures have replaced some of the established surgical treatments. The minimally
invasive (“pinhole surgery”) nature of the IR techniques reduces infection rates and
recovery time, as well as shortens hospital stay.

Interventional radiology is driven by innovation and rapidly evolving technol-
ogy. A sound understanding of diagnostic radiology is essential for one who is
aspiring to be an interventional radiologist. The knowledge and exposure to IR in
medical schools is limited. Early exposure of medical students to IR would attract
future interventional radiologists as well as increase awareness among future refer-
ring physicians. The goal of this book is to provide medical students with a basic
understanding of IR. Therefore, the authors of each chapter of this book were
recruited among medical students who expressed interest in pursuing radiology and
interventional radiology as their career.

This book is divided into three parts: Introduction, Techniques, and Common
Interventional Radiology procedures. The introductory chapters cover the history of
IR, basic physics of X-rays, radiation safety, and the tools and medications used for
the various procedures. Chapters 7 through 10 describe techniques such as biopsy
and drainage, vascular access, embolization, and tumor ablation. The final part of
the book discusses the most common interventional radiology procedures and out-
lines their indications, patient preparation, post-procedure care, and complications.

I hope that students find this book informative, educational, and easy to read and
understand.

Hamilton, ON, Canada Sriharsha Athreya, MS, FRCS, FRCR
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Introduction



Chapter 1
Interventional Radiology: The Early
Days and Innovation

Jason Martin

The Beginning

Interventional radiology (IR) was developed through the pioneering work of early
diagnostic angiographers. Charles Dotter was an American vascular radiologist,
considered the “father” of interventional radiology. He first conceived IR in the
1960s and spoke about it on June 19, 1963, in Czechoslovakia [1]. During his pre-
sentation, Dotter discussed catheter biopsy, controlled catheterization, occlusion
catheterization, and the basis for catheter endarterectomy [2]. He urged a change in
paradigm, envisioning the diagnostic catheter as a means for delivering novel ther-
apy. This radical shift was a shock for many, as angiographers at the time were
trained to help referring clinical colleagues with diagnosis, not treat patients them-
selves with percutaneous methods.

The first IR case was performed on January 16, 1964. Dotter percutaneously
dilated a stenosis in the superficial femoral artery (SFA) in an 82-year-old woman
with painful leg ischemia and gangrene who refused leg amputation. After the pro-
cedure, circulation returned to her leg. The patient was kept in the hospital for
weeks, waiting for the dilated artery to thrombus. However, the pain resolved and
she started walking. Her dilated artery remained patent until her death (from unre-
lated causes) two-and-a-half years later.

This success encouraged Dotter to not only treat SFA stenoses but also SFA
occlusions. A paper published by Dotter and Melvin Judkins (his trainee at the time)
in the November 1964 issue of Circulation outlined their 5-month experience with
angioplasty [3]. It detailed the treatment of 11 extremities in 9 patients, including 4
short SFA occlusions and 4 long SFA occlusions. While not all the procedures were
successful, 4 out of 7 scheduled amputations were averted. As Dotter’s experience
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grew, in 1966 he reported outcomes of 82 lesions in 74 patients, including 6 iliac
artery stenoses. This experience allowed Dotter to refine his technique, decreasing
the size of dilation catheters and improving their design. Two years later, he reported
217 dilations of 153 lesions in 127 patients [4], with excellent results.

The term “interventional radiology” was coined by Alexander Margulis (a gas-
trointestinal radiologist) in an editorial in the American Journal of Roentgenology
in 1967. At the time, radiologists worldwide were exploring the treatment of non-
vascular disease through percutaneous methods. They included treatment of frozen
shoulders by joint distension during arthrography, drainage of abscess, intrauterine
transfusion of the fetus under fluoroscopic guidance, pulmonary and liver biopsies,
and transjugular cholangiography. Margulis realized that a new specialty was
developing and, in his editorial, defined IR and also set requirements for its perfor-
mance. Central to IR training was the need for specific training, technical skills,
clinical education, and the ability to care for patients before, during, and after the
procedure.

Dotter was not enthralled with the term “interventional,” as he thought it would
generate confusion among the public and physicians about what an IR could do.
However, the term allowed for the creation of a new field and the semantic and con-
ceptual separation from general diagnostic radiology and its subspecialties.

1960s-1980s

The mid-1960s—1980s were a time of great development for radiology, as Dotter’s
work challenged the knowledge of diagnostic angiographers and spurred their tran-
sition to interventionalists. In the earlier years, new techniques were often intro-
duced to clinical practice without experimental and patient safety testing. Many
emergencies in clinical medicine forced radiologists to innovate, creating new pro-
cedures and techniques to combat a variety of pathology. Arterial embolization of
upper gastrointestinal bleeding was a major advancement created in this manner.
The application of experience and techniques in one organ system to a different
system led to new indications for interventional procedures. As newer techniques
were developed, detailed experimental testing in animals was performed before
introduction to clinical use, promoting the use of ethical innovation and patient care,
as well as evidence-based medicine.

Percutaneous Transluminal Angioplasty

After his successful first procedures, Dotter began to recruit patients for percutane-
ous transluminal angioplasty (PTA) mainly from general practitioners and internists.
Surgeons were not interested in nonsurgical treatment of atherosclerotic disease and
were adamantly opposed to PTA. Through media advertising, Dotter was able to
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attract patients interested in angioplasty. Admitted to the hospital under radiology,
residents and fellows worked them up and prepared them for PTA. An article in Life
earned Dotter the nickname of “Crazy Charlie,” and this media attention garnered a
VIP patient, the wife of the owner of a large international company in New York
City. Dotter flew to New York with his team and performed PTA of the patient’s
SFA stenosis successfully. The patient and her family donated $500,000 to the
Oregon Health and Science University radiology department, which allowed Dotter
to purchase angiographic equipment and perform PTA more efficiently.

Although Dotter published extensively on PTA in the first 4 years, PTA proce-
dures in the United States were performed mostly in Portland. Angiographers in
other institutions did not share Dotter’s idea of intervention, choosing to focus on
diagnosis. European angiographers were more progressive at that time, wanting to
expand their scope of practice. Werner Porstmann, a friend of Dotter’s from Berlin,
started performing PTA in the 1960s, and Van Andel from the Netherlands modified
the dilation catheters. The most credit goes to Eberhart Zeitler from Germany.
His work resulted in European angiographers embracing PTA and treating patients
with percutaneous techniques [5, 6]. Andreas Gruentzig created a polyvinyl chlo-
ride balloon catheter in 1974, which revolutionized PTA [7]. Realizing the potential
in these catheters, medical device manufacturers promoted balloon catheters avidly,
and balloon PTA became popular. Gruentzig performed the first successful balloon
dilations of coronary arteries in 1976 [8].

The success of PTA in Europe sparked the interest and creativity of angiogra-
phers in North America. Visiting Europe to see Gruentzig at work, some even stayed
for fellowships. When they returned, they brought back these improved PTA proce-
dures to the USA, where it began 15 years prior. With the rapid utilization of PTA
in the USA, it became the most performed IR procedure in the country. This spirit
for innovation continued to improve patient care, spawning numerous advancements
(Table 1.1) [9].

Table 1.1 Milestones pioneered by interventional radiologists

1964 Angioplasty

1966 Embolization therapy to treat tumors and spinal cord vascular malformations
1967 Judkins technique of coronary angiography

1967 Closure of patent ductus arteriosus

1967 Selective vasoconstriction infusions for hemorrhage

1969 Catheter-delivered stenting technique and prototype stent

1960-1974 Tools for intervention such as heparinized guide wires and contrast injectors
1970s Percutaneous removal of common bile duct stones

1970s Occlusive coils

1972 Selective arterial embolization for GI bleeding

1973 Embolization for pelvic trauma

1974 Selective arterial thrombolysis for arterial occlusions

1974 Transhepatic embolization for variceal bleeding

(continued)
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Table 1.1 (continued)

1977-1978 Embolization technique for pulmonary arteriovenous malformations and
varicoceles
1977-1983 Chemoembolization for treatment of hepatocellular carcinoma and
disseminated liver metastases
1980 Cryoablation for liver tumors
1980s Biliary stents to divert liver flow
1981 Embolization for splenic trauma
1982 TIPS (transjugular intrahepatic portosystemic shunt)
1982 Dilators for interventional urology and percutaneous removal of renal stones
1983 Balloon-expandable stent
1985 Self-expanding stents
1990s Embolization of bone and kidney tumors, uterine artery embolization
1990s RFA for soft tissue tumors
1991 Abdominal aortic stent grafts
1994 Balloon-expandable coronary stent
1997 Intra-arterial delivery of tumor-killing viruses and gene therapy vectors to
the liver
1999 Percutaneous transplantation of islet cells to the liver for diabetes
1999 Endovenous laser ablation to treat varicose veins
2000s Microwave ablation for renal tumors
2010s Prostatic artery embolization for benign prostatic hyperplasia
References
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Chapter 2
Basic X-Ray Physics

Prasaanthan Gopee-Ramanan and Sandra Reis

Introduction

Interventional radiology procedures allow an interventional radiologist with highly
specialized training to utilize the imaging function of a fluoroscopy system to carry
out diagnostic and therapeutic procedures for a wide variety of diseases and condi-
tions. X-ray production with a fluoroscopy unit happens much in the same way as a
conventional radiography unit. Within an X-ray tube, by colliding electrons pro-
duced at high velocity from a cathode (negatively charged metal) with the atoms of
the anode (a positively charged metal such as tungsten-rhenium alloy and molybde-
num), energy is released in the form of X-ray photons. A key property of X-rays
that differentiates them from other types of radiation is the fact that since X-rays are
not particles and do not have an electrical charge, they have greater penetration
power by default. This property implies there is increased chance of scatter radia-
tion when X-rays are used for imaging—a point that will be expanded upon later.
The voltage supplied to the cathode and the numbers of electrons emitted toward
the anode over a time period are the kilovolt peak (kVp) and milliampere-seconds
(mAs), respectively.
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X-Ray Interactions with Biological Tissues

Ionizing radiation of any type has the ability to create ions in matter. Chemical
changes resulting from two main types of X-ray interaction with tissues can be del-
eterious to patients: photoelectric absorption and Compton scattering. Biological
effects can be classified as either somatic or genetic.

Somatic Effects

Somatic effects can manifest in the irradiated individual. Stochastic effects (e.g.,
cancers) occur in keeping with the linear no-threshold (LNT) model with no thresh-
old needed, and deterministic effects (e.g., cataracts) occur depending on how much
cumulative radiation dose a person has received. Examples include:

* Skin effects—erythema, desquamation, hair loss, cancer

» Gastrointestinal epithelia—sloughing off negatively impacting digestion and
nutrient absorption

* Bone marrow—anemia, immunosuppression

* Lung tissue—radiation pneumonitis, pulmonary fibrosis, mesothelioma

Genetic Effects

Genetic and teratogenic effects do not yield observable effects in the irradiated
individual, but rather in his or her offspring. Genetic effects are those passed on
from parent to child as a result of point mutations, single-stranded breaks, or
double-stranded breaks in germline cells impacting the future development of the
progeny. Teratogenic effects occur when a developing fetus is exposed to radiation
and manifest as:

e Microcephaly

* Poorly formed eyes
e Slow growth

* Mental retardation

References
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Chapter 3
Principles of Radiation Safety
in Interventional Radiology

Prasaanthan Gopee-Ramanan and Sandra Reis

X-Ray Equipment in Interventional Radiology

In a fluoroscopy system, typically a C-arm in interventional radiology, X-ray photons
emitted by the X-ray tube pass through the table and the patient’s body and then are
received by the flat panel detector. The flat panel detector converts the X-ray signal
into binary electrical energy by means of analog-to-digital converters (ADCs).
Commercial or vendor-specific software then makes use of the raw data to display
an image on the computer monitor.

Radiation Safety in Interventional Radiology

In order to understand the principles of radiation safety, one must consider the
concept of radiation dose or exposure in greater detail. Since X-rays are ionizing
radiation, there is the potential for damage to body tissues resulting from excessive
exposure. Thus, one of the key aims of radiologists, technologists, physicists, engi-
neers, and regulators is to keep radiation exposure or dose to all personnel and
patients As Low As Reasonably Achievable—referred to as the ALARA principle.
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Fig. 3.1 Modern IR suite depicting fluoroscopy C-arm, ultrasound equipment, and sterile tray setup

There has been great emphasis in the last few years regarding ionizing radiation
and the cumulative doses received by patients who are subjected to a large number
of diagnostic examinations, procedures, and treatments for various disease pro-
cesses. All modern X-ray equipment has the ability to produce detailed dose reports
in milligrays (mGy) that in turn become a permanent part of the patient’s record.
This tool has proved to be invaluable to monitor high-risk patients and to contribute
to quality assurance programs established within the individual department. Some
patients keep a personal record of X-ray exposure/dose for their own purposes. It is
our professional and personal goal to minimize radiation exposure to the patient
without affecting the quality of the diagnostic procedure.

Reducing radiation dose to patients will result in a proportional decrease in the
scatter dose received by the staff in radiology. Minimizing patient and occupational
dose involves three cardinal variables: time, distance, and shielding.

Time
To decrease the amount of time X-rays are being produced, the following steps can

be taken:

* Pulsed mode should be used whenever possible to reduce the number of fractions
of a second a beam is being produced.
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* Fluoroscopy should only be used to observe objects or structures that are in
motion. Review of the LIH (last-image hold) should be used for study, consulta-
tion, and educational purposes, eliminating the need for extended radiation
exposure.

» The exposure times should be limited according to the patient’s age and gender
as well as the potential for subsequent examinations and further exposure.

* For DSA (digital subtraction angiography), frame rates can be set according
to the body part being imaged. Areas that exhibit fast flow rates such as the
aorta will have higher frame rates in comparison to slower flow rates in the
extremities.

* The use of X-ray delays can significantly reduce radiation exposure. The X-ray
will not expose until a determined amount of time has lapsed to eliminate nondi-
agnostic images. As a team, the technologist, radiologist, and associated staff
should review fluoroscopy time and dose values on a regular basis to chart trends
and evaluate departmental performance.

* Supportive imaging modalities or options, like ultrasound, last-image hold
(LIH), and tailored frame rates in DSA, should be utilized whenever possible to
avoid the need for continuous fluoroscopic image acquisition.

* Pre-procedure imaging to define the relevant anatomy and pathology should be
used to plan the procedure. These images can be imported and displayed in the
examination room for a fast and effective reference.

Distance

The intensity of the X-ray beam decreases in a manner inversely proportional to the
distance squared from the source. As a rule, if you double the distance, you reduce
the exposure by a factor of 4. A practical way to use this principle is to have all
nonessential personnel stand at least 3 m from the X-ray collimator on the C-arm.

For the patient’s safety, the closer the flat panel detector is brought to the body
part being imaged, the farther the X-ray source will be.

It is important that the hands are kept outside of the radiation field: extension
tubing should be used for injections and power injectors should be utilized when
possible to eliminate or reduce the exposure.

During power injections, the staff should vacate the examination room and
observe the patient through the lead-lined windows.

Shielding

Shielding can be thought of as the final barrier available to block unnecessary or
scatter radiation within the examination room.

Lead aprons are utilized regularly throughout the radiology department. Lead is
an excellent attenuator of X-rays due to its high density and high atomic number.
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These aprons contain 0.5 mm of lead and are an optimal combination of lightness
and protection. Although lead had been the industry standard for decades, other
metals such as tin and tungsten are now widely used, as their ability to attenuate
radiation is equal or greater than their predecessors.

Polyvinyl chloride (PVC) is used in the new-generation aprons in addition to the
attenuating metals to give the apron increased flexibility and durability. It is impera-
tive to always wear a full lead apron and thyroid collar during all fluoroscopic
examinations.

Ceiling-suspended shields and lead under the table drapes can provide additional
dose reduction especially to the head and neck and lower extremities.

Lead-lined eyewear is recommended if shields are not readily available.

Further Recommendations

Apart from the cardinal triad of time, distance, and shielding, several resources offer
up further means of reducing radiation dose:

* Be especially vigilant to reduce X-ray exposure of the eyes and thyroid since
both organs are radiosensitive and are susceptible to deterministic somatic effects
(i.e., cataracts and cancers).

* Monitor, and increase whenever possible, X-ray tube filtration so as to eliminate
low-energy X-ray photons, which contribute to radiation dose via scatter, but not
to the quality of the image. A highly penetrating beam is preferred for dose
reduction and image quality.

* Reduce the use of magnification mode as much as possible since it increases tube
current, thereby producing more X-ray photons capable of contributing to dose.

* Reposition tube for long procedures to avoid irradiating a single area for a pro-
longed period of time. This will reduce the incidence and impact of radiation
injury to the skin, which can cause erythema, itching, and peeling as well as
increase the risk for skin cancers.

* Implement quality control and dose tracking practices with regular review of
data to constantly strive for the best implementation of the ALARA principle.

Estimated General Patient Exposures

* 1 mSv is the dose produced by exposure to 1 mGy.

* General public: 1 mSv per year, excluding medical tests derived from natural
sources.

» Radiation workers—technologists and radiologists/support staff: 5 mSv.

Dosimeters are required to be worn by all radiation personnel. These devices
keep track of occupational dose and ensure that the working environment is safe. An
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external monitor is worn to monitor head and neck dose, and an internal device
worn under the apron will monitor any dose penetrating the protective apron:

» Radiation sickness is induced at an exposure level of 500 mGy—single exposure.
e Cataracts: 500 mSv—cumulative dose.

e Human lethal dose (50 % die in 30 days)=5,000 mGy—single dose.

* All interventional procedures are generally in the range of 1 mGy to 250 mGy.
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Chapter 4
Common Equipment in Interventional
Radiology

Jason Martin

Introduction

When an interventional radiologist (IR) approaches a procedure, one of the first
things to think about is the imaging modality. The ability to utilize imaging to per-
form a diagnostic or therapeutic task is paramount in IR, improving patient safety
and procedure efficacy. However, each modality offers a variety of benefits and costs,
and these must be weighed against the procedure, the patient, and the environment
to select the best approach.

Imaging Modalities
Fluoroscopy

Fluoroscopy is an imaging technique that uses X-rays to generate real-time images
of patient anatomy and endovascular devices. Simply, a fluoroscope consists of an
X-ray source and a fluorescent screen, in between which a patient is placed. Newer
fluoroscopes utilize an X-ray image intensifier and a video camera, permitting the
storage and playback of images. This modality is commonly used for guidewire and
catheter manipulation.

Benefits include real-time imaging, portability, and the ability to save images for
future reference and interpretation. Downsides include radiation exposure to the
patient and the inability to clearly visualize visceral organs.
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Fig. 4.1 Common modalities in interventional radiology (a—d). (a) T1-weighted MRI of uterine
fibroid. (b) T2-weighted MRI of uterine fibroid. (¢) Ultrasound with doppler of uterine fibroid.
(d) Digital subtraction angiography of the uterine artery supplying a uterine fibroid

Fluoroscopy is best suited for the majority of vascular and nonvascular interven-
tional procedures.

Ultrasound

Ultrasound (U/S) utilizes sound waves to image internal organs or structures
(Fig. 4.1). It is often used to achieve vascular access, to perform biopsies and drain-
age procedures.

Benefits include real-time guidance and manipulation, no radiation exposure to
the patient, and lower cost. Downsides mainly surround the operator-dependent
nature of the imaging.

Computed Tomography

Computed tomography (CT) uses X-rays to produce tomographic images (virtual
slices) of areas of a scanned object, allowing one to see inside the body without
cutting it open. CT is used for solid organ biopsies and drainage procedures.
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It is a useful adjunct for targets not visualized on ultrasound. Disadvantages
include radiation dose, the visualization of the biopsy needle or the drainage cath-
eter is not in real time, and the patient must be stable enough to be brought to the
scanner and remain still.

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) offers excellent soft tissue contrast and high
resolution of lesions. Advantages include no radiation dose and the avoidance of
nephrotoxic iodinated contrast material. Downsides include the need for non-
ferromagnetic devices, as well as patient stability during scanning and intervention.

Guidewires and Catheters

Once a modality of imaging has been decided on, to perform a procedure, the IR can
draw on a variety of tools at their disposal. While there are many right ways to cre-
ate or perform a procedure, the skill of an IR lies in their ability to discern when not
to use a particular tool, keeping in mind the safety of the patient and the limitations
of the hardware.

The basic apparatus for vascular intervention is the guidewire-catheter system.
The catheter acts as a base of sorts, allowing the IR to maintain position within a
vessel. The guidewire is used to explore further and, with its increased flexibility,
take turns or round corners. They are not used in isolation, however. Catheters of
different shapes may be used to direct a guidewire, and guidewires can be used alone
to cross lesions, with the catheter following to maintain access beyond the lesion.

Guidewires

Guidewires (solid wires navigated within the vascular system) act as a lead point for
catheters, allowing operators to traverse along a given vessel. They may differ in
length, diameter, stiffness, and coating.

Length

* Must be long enough to cover the distance both inside and outside the patient.

e Must also account for access well beyond the lesion, so that access across the
lesion will not be lost intraoperatively.

* Guidewire lengths usually vary from 145 to 300 cm.
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Diameter

* Vascular catheters are designed with a guidewire port of specific diameter.

e Most procedures are performed with O35 guidewires (0.035 in.).

e Small-vessel angioplasty (such as distal pedal) requires 0.018-0.014 in.
guidewires.

Stiffness and Coating

* Most guidewires have a tightly wound steel core that contributes to body stiffness.

* A surrounding layer of flexible material prevents fracture during use.

» Teflon or silicone coatings are often used to reduce the friction coefficient and
allow the operator smooth advancement within a vessel.

Tip Shape

» The shape of the guidewire tip often reveals the function of the guidewire.

» Floppy tip wires reduce the potential for vessel injury during access.

» Selective cannulation wires may be employed to traverse bends and curves and
may be curved or angled to help the operator steer in a certain direction.

General Types of Guidewires

The 3 general types include starting, selective, and exchange guidewires:

» Starting guidewires are used for catheter introduction and some procedures.

» Selective guidewires are used to cannulate side branches or cross critical lesions.

* Exchange guidewires are stiffer and are used to secure position as devices are
passed over the wire.

Catheters

The 3 general types of catheters are as follows (Fig. 4.2).

Vascular Dilator

* The simplest catheter, 12—15 cm with a single hole at the tip.
e Used to dilate the tract before insertion of catheter or sheaths, as well as secure
vascular access or perform certain types of arteriography (usually femoral).
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Fig. 4.2 A variety of differently shaped catheters for use in endovascular diagnosis and intervention

Exchange Catheter

* Generally straight and long.

* Used to exchange guidewires or for interval arteriography to monitor the prog-
ress of intervention.

e Provide multiple side holes for contrast administration. The catheter head is
rounded to promote contrast blush.

Selective Catheter

* Come in a variety of head shapes.
* Used to direct a guidewire into a specific location.
* Some are designed for specific arteries (carotid, uterine, etc.).

Contrast

Contrast agents are used to improve the visibility of vessels and organs. Intravascular
contrast is generally classified into ionic and nonionic types. Ionic contrast media
typically have higher osmolality and more side effects, while nonionic contrast
media typically have lower osmolality and fewer associated side effects.

Major complications from the use of iodinated contrast agents include anaphy-
lactoid reactions and contrast-induced nephropathy. Anaphylactoid reactions can
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range from urticarial and itching to bronchospasm and laryngeal edema. Mild reac-
tions can be managed with diphenhydramine, while IM epinephrine is more suitable
for moderate to severe reactions. Blood pressure must be monitored closely, as
hypotension may occur quite rapidly.

Contrast-induced nephropathy (CIN) is defined as either >25 % increase or abso-
lute 0.5 mg/dL increase in serum creatinine. N-acetyl-cysteine does not appear to
decrease rates of CIN. Adequate prehydration of patients is an intervention shown
to reduce CIN rates in hospitalized patients.

Suggested Readings

1. Kessel D, Robertson I. Interventional radiology: a survival guide. 2nd ed. Philadelphia: Elsevier;
2005.

2. Schneider PA. Endovascular skills — guidewire and catheter skills for endovascular surgery. 2nd
ed. New York: Marcel Dekker; 2003.

3. Waldman DL, Patel NC, Saad WE. Interventional radiology secrets. Philadelphia: Hanley &
Belfus; 2004.



Chapter 5
Medications Used in Interventional Radiology

Lazar Milovanovic

Background

Knowledge of certain medications is important for interventional radiologists (IR).
They are used to manage patients in the pre-, peri-, intra-, and post-procedural
period. The understanding of the basic classes and commonly seen medications is
essential to the optimal care of patients undergoing interventional radiology proce-
dures. Here we summarize the characteristics, indications, and classes of medica-
tions used in interventional radiology procedures.

Many patients undergoing interventional procedures might be taking multiple
medications. In addition to knowledge of the basic medications used by the IR, it is
important to be aware of possible drug—drug interactions and adjust the medications
used accordingly.

Pre-procedural Medications

Anticoagulation

Anticoagulation is an important consideration in pre-procedural assessment of
patients. Many interventional procedures, especially those requiring vascular
access, may lead to increased rates of hemorrhage if the coagulation status of the
patient is not managed appropriately. Many patients presenting for interventional
radiological procedures will be on short- or long-term anticoagulation, as well as
antiplatelet medications [1].
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Table 5.1 Categorization of procedures by bleeding risk [1]

Procedures with low Procedures with
bleeding risk Procedures with moderate bleeding risk | significant bleeding risk
Vascular: Vascular: Vascular:
Dialysis access Angiography Transjugular
interventions Arterial intervention access size <7 intrahepatic
Venography French portosystemic
Removal of central line Venous interventions shunt (TIPS)
IVC filter placement Chemoembolization
PICC placement Uterine fibroid embolization

Transjugular liver biopsy
Tunneled central venous catheter
Subcutaneous port device

Nonvascular: Nonvascular: Nonvascular:

Catheter exchange or Abscess drainage or biopsy (intra- Renal biopsy
drainage (abscess, abdominal, chest wall, or Biliary interventions
biliary, or retroperitoneal) creating new tract
nephrostomy) Lung biopsy Nephrostomy tube

Thoracentesis Transabdominal liver biopsy (core placement

Paracentesis needle) Complex

Aspiration and biopsy Percutaneous cholecystostomy radiofrequency
(superficial location) Initial placement of gastrostomy tube ablation

Abscess drainage Simple radiofrequency ablation
(superficial location) Spine procedures

IVC inferior vena cava, PICC peripherally inserted central catheter

The management of coagulation status is challenging due to the lack of strong
evidence for approaches to patients with abnormal coagulation test values [1]. Some
of the recommendations for interventional radiologists to manage coagulation sta-
tus are based on extrapolation of surgical data [1]. When planning interventional
procedures, there are many factors to consider including patient characteristics, pro-
cedure type, procedure urgency, and post-procedural management strategies. A
summary of the common interventional radiology procedures with low, moderate,
and significant bleeding risk is presented in Table 5.1 [1]. The management for
patients undergoing these procedures is presented in Table 5.2 [1].

Two important groups of patients on anticoagulation agents presenting for interven-
tional procedures are inpatients with prophylactic anticoagulation to prevent deep vein
thrombosis and patients with atrial fibrillation on anticoagulation to reduce risk of stroke.

Prophylactic Antibiotics

Different procedures in interventional radiology have varying levels of risk of
infection [1, 2]:

* Clean procedures—spaces potentially containing bacteria (gastrointestinal, bili-
ary, genitourinary, respiratory tracts, infected or inflamed tissue) are avoided.

¢ Clean-contaminated procedures—if the procedure leads to entering a space con-
taining bacteria that is not inflamed.
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Table 5.2 Procedure bleeding risk, appropriate testing, and consensus management [1]

Procedure bleeding risk | Pre-procedure lab testing Management

Low risk, easily INR: pts receiving INR >2.0—threshold for treatment
detected, and warfarin anticoagulation, Platelets: transfusion recommended for
controllable known or suspected liver counts <50,000/uL
disease Clopidogrel—withhold 5 days before
procedure

Aspirin—do not withhold
LMWH (therapeutic dose)—withhold
one dose before procedure

Moderate risk INR—recommended INR: correct to <1.5
aPTT: pts receiving IV aPTT: no consensus
UFH platelets: transfusion recommended for
count <50,000/ul
Clopidogrel—withhold 5 days before
procedure

Aspirin—do not withhold
LMWH (therapeutic dose)—withhold
one dose before procedure

Significant risk, INR: routine INR: correct to< 1.5
difficult to detect or aPTT: pts receiving IV aPTT: stop or reverse heparin for
control UFH values > 1.5x control
Platelet count: routine Platelets: transfusion recommended for
Hematocrit: routine counts <50,000/uL
Clopidogrel: withhold 5 days before
procedure

Aspirin: withhold for 5 days
Fractionated heparin: withhold for 24 h,
up to 2 doses

* Contaminated procedures—space containing inflammation is entered.
* Dirty procedures—pus and free spillage of contaminated material occur.

Antibiotic prophylaxis recommended in interventional radiological procedures
not classified as clean. The selection of antibiotic depends on procedure, organ sys-
tem, locoregional sensitivities, and costs (Table 5.3). Timing and duration of pro-
phylactic antibiotic administration is based on surgical literature data, and a single
pre-procedural dose of the appropriate antimicrobial agent is recommended within
1 h of commencement of most procedures [3].

When a patient requires procedures with instrumentation and drainage of
obstructed infected collection or system (biliary, kidney obstruction, liver abscess),
the risk of post-procedural bacteremia is significantly higher until drainage is com-
plete [2, 4]; antibiotic treatment should last from immediately prior to procedure
until drainage is complete [3]. If a procedure lasts longer than 2 h, an additional
dose of antibiotic can be considered [3]. Table 5.4 presents a summary of the poten-
tial risk factors for infective endocarditis in patients undergoing interventional pro-
cedures and whether antibiotic prophylaxis is recommended [2, 4].
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Table 5.3 Recommended antibiotic prophylaxis for interventional radiology procedures

Procedure

Vascular interventions:
angiography, angioplasty,
atherectomy,
thrombolysis, stent
placement, arterial closure
device placement
Endograft placement
(aortic, peripheral)

Superficial venous
insufficiency treatment
(lower extremity)

IVC filter placement

Chemoembolization and
embolization

Uterine artery
embolization

Transjugular intrahepatic
portosystemic shunt
(TIPS) creation

Percutaneous gastrostomy
and gastrojejunostomy
placement

Subcutaneous venous
access ports,
immunocompetent
patients
Subcutaneous venous
access ports,
immunocompromised
patients

Procedure type
Clean

Clean

Clean

Clean

Clean or clean
contaminated

Clean or clean
contaminated

Clean or clean
contaminated

Clean
contaminated

Clean

Clean

Common organisms
Skin flora

Skin flora

Skin flora

None

S. aureus,
Streptococcus
species,
Corynebacterium
species

Skin flora,
Streptococcus
species, E. coli

Skin flora,
Corynebacterium
species, biliary
pathogens, enteric
Gram-negative rods,
anaerobes,
Enterococcus
species

Skin flora,
Corynebacterium
species

None

Staphylococcus

Routine prophylaxis
Not recommended

Cefazolin IV; alt:
vancomycin or clindamycin
if penicillin allergy

Not recommended

Not recommended

No consensus first-choice
antibiotic; hepatic
chemoembo: ampicillin/
sulbactam IV, cefazolin
and metronidazole,
ampicillin IV, and
gentamicin; embolization
or chemoembo:
ceftriaxone IV

No consensus first choice;
cefazolin IV, clindamycin
IV plus gentamicin;
ampicillin IV; ampicillin/
sulbactam IV; vancomycin
if penicillin allergy

No consensus first choice;
ceftriaxone IV; ampicillin/
sulbactam IV; if penicillin
allergic: vancomycin or
clindamycin or
aminoglycoside

Recommended for pull
technique, no consensus
for push technique;
cefazolin IV for pull
technique is first choice

None

Cefazolin

(continued)
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Table 5.3 (continued)

Procedure

Transhepatic
cholangiography and
percutaneous biliary
drainage; no signs of biliary
infection, no history of
surgery or instrumentation
Transhepatic
cholangiography and
percutaneous biliary
drainage; prior
bilioenteric anastomosis
or instrumentation

Biliary tube replacement
(clean contaminated)

Radiofrequency ablation
of liver tumor

Antegrade pyelography
and percutaneous
nephrostomy

Nephrostomy tube change

Abdominal fluid aspiration
of uninfected ascites,
lymphocele, or simple
hepatic or renal cyst

Adapted from [2, 3]

Procedure type

Clean or clean
contaminated

Clean or clean
contaminated

Clean
contaminated

Clean
contaminated

Clean or clean
contaminated

Clean
contaminated

Clean

Common organisms

Klebsiella,
Enterobacter, E.
coli

Klebsiella,
Enterobacter, E.
coli, Enterococcus

Klebsiella,
Enterobacter, E.
coli, Enterococcus

Klebsiella,
Enterobacter, E.
coli, Enterococcus

None

E. coli, P. mirabilis,
Enterococcus,
Pseudomonas

None

Alt alternate, skin flora S. aureus and S. epidermidis

X-Ray Contrast Media
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Routine prophylaxis
Ceftriaxone

Piperacillin—tazobactam
or ticarcillin—clavulanic
acid or ampicillin/
sulbactam

Ceftriaxone or
piperacillin—tazobactam or
ticarcillin—clavulanic acid
or ampicillin/sulbactam
Ceftriaxone or
piperacillin—tazobactam
or ticarcillin—clavulanic
acid or ampicillin/
sulbactam

Cefazolin

None

None

Contrast media is used throughout diagnostic imaging for both diagnostic and image
guidance purposes during interventional procedures in order to increase the differ-
ence in contrast between tissues and help differentiate structures as well as identify
vasculature. Contrast is differentiated by the type of study to be completed: magnetic
resonance imaging (MRI) contrast has different properties than X-ray contrast,
which is used in computed tomography (CT), plain radiography, and fluoroscopy.
X-ray contrast can be differentiated into positive and negative contrast agents
depending on their composition. Positive contrast media agents cause increased
attenuation of X-rays compared to the surrounding patient tissue and appear dark
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Table 5.4 Risk factors for bacterial endocarditis—indications for antibiotic prophylaxis

Antibiotic
Condition Details prophylaxis
Prosthetic cardiac valves Bioprosthetic or homograft Required
Previous bacterial endocarditis With or without heart disease Required
Congenital cardiac malformations Not isolated secundum atrial Required
septal defect
Surgically constructed systemic pulmonary Required
shunts or conduits
Acquired valvular dysfunction, including Pre- and post-valvular surgery Required
rheumatic
Hypertrophic cardiomyopathy Required
Mitral valve prolapse With valvular regurgitation and/or | Required
thickened leaflets
Surgical repair of ASD, VSD, or PDA Without residual beyond 6 months | Not required
Previous coronary artery bypass graft Not required
surgery
Mitral valve prolapse Without valvular regurgitation Not required
Heart murmurs Physiologic, functional, or Not required
innocent
Previous Kawasaki disease Without valvular dysfunction Not required
Previous rheumatic fever Without valvular dysfunction Not required
Cardiac pacemakers and implanted Not required
defibrillators
Adapted from [2, 4]
Table 5.5 Overview of iodinated contrast agents [5]
Type Generation Alternative names Generic name
Iodinated ionic First generation | High-osmolar * Diatrizoate meglumine
contrast media « Diatrizoate sodium
(HOCM) « Diatrizoate meglumine and
diatrizoate sodium mixture
Iodinated nonionic | Second Low-osmolar contrast | Iohexol
generation media (LOCM) * Jopamidol
* Jopromide
* Joversol
Iodinated nonionic | Third N/A * Jodixanol
iso-osmolar generation

under fluoroscopy; these agents contain iodine. Negative contrast media agents
cause less attenuation of X-rays than the surrounding patient tissue and appear
lighter under fluoroscopy; the only negative contrast available is carbon dioxide gas.
Iodinated (iodine-containing) positive contrast agents can be further subdivided into
ionic and nonionic depending on the specific molecular structure of the contrast
agent to be used (Table 5.5) [5].
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Iodinated Contrast Complications and Side Effects

There are multiple risk factors predisposing patients to contrast reactions
including:

 Infants and patients over the age of 60

* Female gender

¢ Underlying asthma, heart disease, dehydration, renal disease, or diabetes

e Hematologic conditions including myeloma, sickle cell disease, or
polycythemia

e Use of nonsteroidal anti-inflammatory drugs (NSAIDs), interleukin-2 (IL-2)
chemotherapy, beta-blockers, or biguanides (metformin, glyburide, Glucophage,
Metaglip)

* Contrast-related factors including large quantities of iodine (>20 mg), fast injec-
tion rate, intra-arterial injection, and history of contrast reactions [6]

Mild complications may include headache, nausea and/or vomiting, skin flush-
ing, pruritus, mild skin rash, or hives.

Moderate complications may include arrhythmias, hypotension or hypertension,
dyspnea or difficulty breathing, wheezing, and severe skin rash or hives.

Severe reactions may include cardiac arrest, anaphylaxis, difficulty breathing,
convulsions, air embolism, and severe hypotension.

Contrast media-induced nephropathy is defined as an increase in the serum cre-
atinine by more than 0.5 mg/dL (44.2 p[mu]mol/L) or an increase of more than
50 % above baseline over a period of 1-3 days postinjection [6].

Peri- and Intra-procedural Medications

Vasoconstrictors

Vasoconstrictors [7] are primarily used for acute gastroenterological bleeding. The
main vasoconstrictor utilized is vasopressin. Vasopressin (exogenous form of antidi-
uretic hormone, ADH) promotes contraction of vascular smooth muscle of the small
arterioles, capillaries, and small venules [8]. Vasopressin infusion is indicated in GI
bleed cases where embolization is contraindicated or cannot be performed such as in
diffuse mucosal bleeding. The efficacy of vasopressin is reduced in patients with
atherosclerosis due to reduced constriction of arterioles in the presence of plaques.

Common adverse reactions to vasopressin may include headache, diaphoresis,
nausea and vomiting, and abdominal cramps [8]. Complications of vasopressin may
include ischemic and cardiovascular effects such as bowel infarction and peripheral
vascular ischemia as well as hypertension, arrhythmias, and myocardial infarction,
respectively [8]. Delayed complications may occur secondary to antidiuretic effects
such as electrolyte instability, hypertension, and oliguria [8].
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Vasodilators

Vasodilators [7] are used in the prevention or management of arterial spasm. They are
also used to increase blood flow in distal arteries in order to enhance visualization.

Nitroglycerine (NG) is a short-acting vasodilator that relaxes vascular smooth
muscle cells. It takes effect instantaneously, and the total duration varies based on
dose, but is usually several minutes [8].

Verapamil is a calcium channel blocker that relaxes smooth muscle cells, while
also decreasing the rate of conduction of electrical signals through the AV node,
depressing the heart rate [8]. Verapamil has a longer duration of action and is con-
sidered more potent than NG; however, NG is preferred for catheter-induced vaso-
spasm prevention and treatment [8].

During administration of vasodilators, it is important to carefully monitor the
blood pressure of the patient. Complications may include systemic hypotension,
headache, tachycardia, and nausea and vomiting. Contraindications for vasodilators
include elevated intracranial pressure, constrictive pericarditis, pericardial tampon-
ade, and previous hypersensitivity reaction.

Local/Topical Anesthetics

Topical anesthetics are injected into the tissues prior to intervention in order to
minimize patient discomfort and pain at the local access site.

Lidocaine (trade name: Xylocaine) is the most common topical anesthetic agent
encountered in the interventional suite. It is used in various solutions from 0.5 to
5 %. It has a rapid onset of effect of less than 5 min and lasts approximately 1 h.
Lidocaine is arrhythmogenic if injected into the vasculature or delivered by IV, so
care must be taken to avoid arteries and veins when injecting it locally.

Sedatives

For interventional radiology procedures, sedation and analgesia should allow purpose-
ful response to verbal or tactile stimulation with no airway intervention required; ade-
quate spontaneous ventilation and cardiovascular function are usually maintained.

There are many different choices for sedation, and selection of appropriate medi-
cation depends on the patient, the type of procedure, and the preference of the inter-
ventional radiologist (Table 5.6) [9].

Bowel Antiperistalsis Agents

Buscopan is an antispasmodic agent used to reduce peristalsis and relieve smooth
muscle spasms in the stomach, intestines, bladder, and urethra. It can be used to
optimize radiographic visualization of the GI tract and facilitate procedures
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Table 5.6 Medications used in moderate sedation
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Time to
onset Pregnancy
Medication Class Dose (mins) | Duration | category
Midazolam Benzodiazepine | < 1.0 mgIV 1-3 1h |D
Diazepam Benzodiazepine | 1.0-2.0 mgIV 2-3 6h D
Lorazepam Benzodiazepine | 2.0 mg P.O. Upto 10-20h |D
60-90
Morphine Opioid 2.0 mg IV 10 4h C
Fentanyl Opioid 25ug IV 2-3 30- C
60 min
Hydromorphone | Opioid 1.0 mg IV; use 10 4-5h |C
smallest
effective dose
Meperidine 10-25 mg IV 5-15 2-4h |C
Ketorolac NSAID 30-60 mg IM C (Ist and 2nd
trimesters), D
(3rd trimester)
Flumazenil Benzodiazepine | 200 ug IV per 1 30- C
antagonist minute (up to 60 min
1 mg)
Naloxone Opioid reversal | 0.1-0.3 mg q Rapid 20— C
agent 30-60 s 30 min

Adapted from [9]

NSAID nonsteroidal anti-inflammatory drug

involving the GI tract by reducing bowel tone and spasm [10]. Buscopan can be
administered via intravenous or oral methods.
Glucagon inhibits GI motility, leading to optimization of radiographic visualiza-

tion of the GI tract, and facilitates procedures involving the GI tract by reducing
bowel tone and spasm [8]. Glucagon must be administered by IV or intramuscular
injection due to complete breakdown of the compound by gastrointestinal enzymes
when given orally [7].

Post-procedural Medications

Analgesics

Common post-procedural analgesics used by interventional radiologists include
ketorolac, oxycodone, hydromorphone, and acetaminophen [7, 8, 11]:

¢ Ketorolac (Toradol)—an NSAID and reversible COX inhibitor administered
intravenously or by oral route with an onset of action of 20 min and duration of
action of 4-6 h.

* Oxycodone (OxyContin)—an opioid agonist with a 30 min onset of action and
3—4 h duration of action.
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* Acetaminophen (Tylenol)—a centrally acting analgesic and antipyretic with a
20-45 min onset of action and 4-6 h duration of action. Acetaminophen can be
hepatotoxic and should not be used in patients with liver dysfunction.

* Hydromorphone (Dilaudid)—an opioid agonist used to treat moderate to
severe pain with an onset of action of 15 min (parenterally) and 30 min (orally)
and a duration of more than 5 h.

Antimicrobial Therapy

There are many factors that affect whether a patient requires antimicrobial therapy
in the post-procedural setting including procedure type, procedure duration, proce-
dure complications, and patient characteristics including immune status. Decisions
on post-procedure antimicrobial therapy are usually made with input from the inter-
ventional radiologist and the most responsible physician as well as guidance from
infectious disease physicians in specific situations.

Antiemetics

Antiemetics are used for the management of nausea and vomiting and are particu-
larly important for patients undergoing oncologic or palliative procedures [11].
Nausea and vomiting can also occur commonly as part of post-embolic syndrome:

* Ondansetron—a selective serotonin SHT3 receptor antagonist commonly given
orally or intravenously, is used for post-procedure prophylaxis in adults. It is
often used for patients undergoing chemotherapy or radiotherapy but also indi-
cated as an antiemetic for patients post-surgery [8].

* Promethazine—a phenothiazine utilized for the antihistamine (H1)-blocking
characteristics of the compound leading to antiemetic and anti-motion properties
on administration to patients [8]. Promethazine has some sedative effects and
can be used along with analgesics during patient sedation [8].

* Scopolamine—an acetylcholine muscarinic receptor antagonist that has been shown
to be useful in the treatment of nausea and vomiting secondary to motion sickness
due to action on the vestibular pathways between the inner ear and brainstem [8].

Anticoagulation

There are only some procedures that require interruption of anticoagulation and anti-
platelet therapy, as previously described in Table 5.2. In most cases, the patient’s antico-
agulation and antiplatelet therapy is reinitiated immediately post-procedure. A summary
of the different anticoagulation and antiplatelet therapies, monitoring procedures, rever-
sal agents, and recommended periprocedural administration protocols is presented in
Table 5.7 [12, 13]. In certain cases with increased risk of bleeding post-procedure, the
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Table 5.7 Periprocedural management of anticoagulants

Medication
Agent class
Warfarin Vitamin K
agonist
Unfractionated | Heparins
heparin
LMWH Heparins
Fondaparinux Heparins
Dabigatran Direct
thrombin
inhibitor
Rivaroxaban Direct
factor Xa
inhibitor
Apixaban Direct
factor Xa
inhibitor
Desirudin Direct
thrombin
inhibitor
Aspirin Antiplatelet
agent
Thienopyridine | Antiplatelet
agents agents—
(clopidogrel, ADP
ticlopidine, receptor/
prasugrel, P2Y12
ticagrelor) inhibitor

Adapted from [12, 13]

Lab monitoring
INR

aPTT

None regularly—anti-
factor Xa antibody
levels in select pts

None

None—aPTT or
thrombin time for
substantial residual
effect

None—prothrombin
time or anti-factor
Xa antibody to rule
out substantial
residual effect

None—anti-factor
Xa antibody to rule
out substantial
residual effect

aPTT, thrombin time,
ecarin clotting
time—normal value
rules out clinically
relevant residual effect
None—consider
platelet function
tests
None—consider
platelet function
tests

Reversal agent

Vitamin K with or
without FFP; 3- or
4-factor PCCs

Protamine sulfate

Protamine sulfate
(results in partial
reversal only)
None—may use
recombinant factor
Vlla in high-risk pts
with major bleed
None—consider
factor VIII
inhibitor bypass
activity or
recombinant VIla,
hemodialysis
None—consider
PCCs

None—consider
charcoal
hemoperfusion or
PCCs

None

Platelet transfusion

Consider platelet
transfusion (limited
efficacy)
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Last dose—procedure
interval

INR dependent,
usually 1-8 days

IV: 2-6 h; subcut:
12-24 h

Low or moderate risk:
1 dose
High risk: 24 h

36-48 h

CrCl: >50 ml/

min—I1-2 days
CrCl: <50 ml/
min—3-5 days

Normal renal
function: >1 day
CrCl: 60-90 ml/
min—?2 days
CrCl: 30-59 ml/
min—3 days
CrCI: 15-29 ml/
min—4 days
CrCI: >60 ml/
min—1-2 days
CrCl: 50-59 ml/
min—3 days
CrCl: <3049 ml/
min—>5 days

2h

Low or moderate
risk: none

High risk: 5 days
Clopidogrel/
ticagrelor—5 days
Prasugrel—7 days
Ticlopidine—10-14
days

FFP fresh frozen plasma, PCC prothrombin complex concentrate, LMWH low molecular weight hepa-

rin, CrClI creatinine clearance
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decision to hold anticoagulation and antiplatelet therapy is made by the interventional
radiologist along with input from the most responsible physician.

Summary

In the pre-procedural setting, medications play a key role in minimizing patient risk
of bleeding and infection; it is important to evaluate the procedure and patient for
possible risk factors for bleeding and infection and adjust pre-procedural medica-
tion accordingly.

Intra-procedural medications help sedate and anesthetize patients, alter vascular
muscle tone, and reduce peristalsis for gastric interventions and detailed imaging.

Post-procedural medications are helpful in managing pain, nausea and vomiting,
bleeding risk, and infection. Knowledge of the procedure outcome, complications,
patient factors, and future management are important factors affecting decisions for
post-procedural medications.
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Chapter 6
Interventional Radiology Outpatient Clinics

Lazar Milovanovic

Introduction

Outpatient clinic and patient management outside of the intra- and periprocedural
settings are key components of an interventional radiology (IR) practice. Interventional
radiologists have a unique skill set to contribute to patient care and must recognize
their role within the patient care team in order to further establish the field.

Infrastructure requirements for establishing an outpatient practice include physical
space beyond the standard diagnostic radiology department, additional support
staff, and tools for appointment scheduling and logistical management.

The IR outpatient clinic is important in the pre-procedural setting to allow the
patient to learn about the procedure, ask pertinent questions, and explore alternative
therapies. IR outpatient clinics are important in the post-procedural setting for
assessment of outcomes and possible complications following the procedure as well
as planning for additional treatment if necessary. Guidelines have been established
for suggested visit intervals and imaging for common IR procedures.

Background

Interventional radiologists (IRs) have a unique skillset within the healthcare field
and contribute with a specific role in patient care. It is important for interventional
radiologists to recognize their role as clinicians and not just proceduralists. In order
to develop their role as clinicians, IRs need to manage a patient beyond the
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periprocedural period. Therefore, the primary goal of an outpatient interventional
radiology clinic is to increase direct interaction with patients, provide counseling
regarding disease and the available therapeutic options, and then create and implement
management plans. Unlike diagnostic radiologists, interventionalists require clinic
time, clinic space, and additional procedure time in order to optimize their practices.

Infrastructure Requirements

Physical Space

The standard domains of diagnostic radiology, including hospital radiology depart-
ments and outpatient imaging centers, are not designed for the non-imaging patient
consultations required for an interventional radiology practice. Physical consult
space is required where the interventionalist can interview and examine patients in
private [1].

Support Staff

This varies depending on the radiology practice and can involve nurse practitioners,
physician assistants, nurses, clinical nurse specialists, and nonclinical support staff
including receptionists and administrative assistants [1].

Appointment Scheduling

In addition to procedural requests from other inpatient departments, appropriate
organization and scheduling of appointments is a key component to ensuring an
outpatient interventional radiology practice thrives [1].

Responsibilities of Interventional Radiologists in Clinical
Practice

In order to assist interventional radiologists in taking on the roles of clinician and
care provider, the American College of Radiology has developed practice guide-
lines for interventional radiology practice, within which they have defined the
responsibilities of interventional radiologists [2, 3]:

1. Interventional clinicians will serve as primary consultants for a particular disease
and will accept referrals for therapeutic assessment for this disease and conduct
patient consultations prior to and after the planned or elective intervention [2].
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2. Interventional clinicians will engage with referred patients to perform diagnostic
clarification, explore various therapeutic options, and provide the intervention
requested by the patient [2].

3. Interventional clinicians will assume a strong role in treatment planning by
developing and implementing treatment plans without participation of other
specialists, except in cases where multidisciplinary collaboration assists in
patient care [2].

4. Interventional clinicians will accept clinical duties in the hospital and admit
patients to the interventional service in order to manage post-procedural compli-
cations and recovery [2].

5. Interventional clinicians will engage in longitudinal patient care beyond the
periprocedural period [2].

Advantages to Strong Clinical Practices

There are many advantages to developing a strong outpatient clinical practice as an
interventional radiologist that serves to improve the patient experience, the practice
parameters of the IR, and the future potential of the field of interventional radiology.
Advantages may include:

e Opportunity to expand the referral base for interventional radiologists from
community physicians rather than exclusively through other specialists [4, 5].

* The patient is provided multiple opportunities to ask questions regarding the
disease, procedure, and possible complications throughout the consultation
process [4, 5].

* The IR is able to cultivate a stronger relationship with referring surgical and
medical clinicians, developing a mutually beneficial referral process in order to
optimize patient care [4, 5].

* Increased contact and development of a stronger clinician-patient relationship
with the goal to increase patient and physician satisfaction [6].

e Strong clinical practices provide the opportunity for interventional clinicians to
engage in more consistent follow-up, enabling the clinician to provide high-quality
longitudinal care for their patients [6].

Pre-procedural Clinic and Initial Consults

Patients are referred from specialists or community physicians for a particular condition
for which percutaneous interventional radiology procedures can provide therapeutic
management. The most common clinic referrals are for uterine fibroid (leiomyoma)
embolization, tumor ablation, kyphoplasty and vertebroplasty, saphenous vein abla-
tion, lower extremity arterial stents, renal artery stents, and transjugular intrahepatic
portosystemic shunt (TIPS) [7] (Table 6.1).
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Table 6.1 Pre- and post-procedural tests and follow-up interval for common interventional

radiology procedures

Procedure
Uterine fibroid
embolization

Tumor ablation
(radiofrequency,
chemoembolization,
radioembolization)

Kyphoplasty and
vertebroplasty

Saphenous vein ablation
Lower extremity arterial
stents

Renal artery stents

TIPS

Adapted from [7]

Pre-procedural visit
tests and imaging

Pre- and postcontrast
MRI

Pre- and postcontrast
CT scan, US for RFA
patients

Plain films, MRI spine

Lower extremity US
Pulse volume
recording, magnetic
resonance angiography

CTA or MRA

USor CT

Routine post-procedural visits

Timing
2 weeks, 6 months

1 month, every 3
months following

1 month

1 month

1 month, 4 months,
every 6 months
following

1 month, every 6
months following
2 weeks, every 3
months for 1 year,
every 6 months
following

Imaging
Pre- and
postcontrast MRI

Pre- and
postcontrast CT scan
at each visit

None—unless
clinically indicated
Lower extremity US
PVR at each visit

US at each visit

US at each visit

TIPS transjugular intrahepatic portosystemic shunt, US ultrasound, CT computed tomography,
CTA computed tomography angiography, MRA magnetic resonance angiography, MRI magnetic
resonance imaging

A history and physical exam are conducted on the patient by the interventional
radiologist, who evaluates or orders appropriate high-quality planning imaging.
The patient’s clinical status and burden of disease are evaluated in order to triage
the disease severity and procedure. The IR explains therapeutic options, benefits,
possible complications, and alternatives to the patient, and patients are provided with
an opportunity to ask questions regarding procedure and management options.

Post-procedural Clinic and Follow-up

Following the procedure, the IR assesses wound healing and any procedural
complications, especially if ionizing radiation was utilized. Routine follow-up
imaging reassesses the pathologic status. In addition, the clinical status is evaluated,
and appropriate management steps are undertaken. Finally, routine follow-up visits
are scheduled as per disease requirements and clinical management guidelines.
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Summary

IR clinic is an important component of the current standard of care in interventional
radiology, and an increasing number of institutions are currently implementing or
have already established this practice. Further implementation and widespread
adoption of outpatient IR clinics is essential for effective management of patients
and improvement of the patient care experience.
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Chapter 7
Biopsy and Drainage

Lazar Milovanovic

Introduction

Interventional radiologists (IR) play an important role in the acquisition of tissue for
pathologic diagnosis with the use of image-guided percutaneous techniques. Tissue
samples can be collected using image-guided core needle biopsy (CNB), while cells
can be acquired for cytology using image-guided fine-needle aspiration (FNA).
Image-guided percutaneous needle biopsy (PNB) is the gold standard for diagnostic
tissue characterization as it has reduced morbidity while maintaining high specific-
ity and sensitivity relative to surgical excision. Fluid collections including abscesses,
effusions, empyemas, and peri-organ fluid deposits are a common condition and can
be diagnosed and managed using image-guided minimally invasive methods.
Image-guided aspiration and drainage of fluid collections reduces complications
from blind aspiration and drainage and has lower morbidity than surgical drainage.

Background

Percutaneous techniques have emerged as a safe and efficient method to diagnose
and therapeutically manage abnormal fluid collections in the body as well as collect
samples from suspected tissue lesions in the body for further diagnostic clarifica-
tion. Percutaneous drainage/aspiration is a standard diagnostic and therapeutic ther-
apy in patients with specific types of suspected pathological processes. In addition,
PNB provides a minimally invasive method for collecting cells or tissue from
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suspected lesions for cytologic or histologic analysis and results in lower morbidity
and mortality than excisional and open biopsy [1].

Percutaneous Needle Biopsy

PNB involves the placement of a needle into a suspected pathologic lesion in order
to collect tissue or cellular samples for diagnostic clarification. There are two types
of PNB: FNA and CNB, which have different indications and collect different types
of tissue samples.

FNA involves inserting a very small hollow needle into the target lesion to acquire
cells for cytologic evaluation [1]. CNB involves inserting a slightly larger hollow
needle into the target lesion to acquire tissue for histologic evaluation [1]. In general,
FNA is completed using 22 gauge needles or smaller, while CNB is completed using
20 gauge needles or larger [1]. Both CNB and FNA are completed under image guid-
ance, which can be done using ionizing radiation (computed tomography, fluoros-
copy) or non-ionizing radiation (magnetic resonance imaging, ultrasound).

A biopsy is considered successful if the collected material is adequate in order
for pathologic diagnosis and treatment decisions to be made [1].

Indications for PNB

Along with excisional and open biopsy, percutaneous needle biopsy is one approach
for collecting samples for pathologic characterization of lesions. Determining the
most effective way to collect samples in a particular patient is done in conjunction
with the most responsible physician and the radiologist.

PNB is primarily performed in order to determine whether a lesion is benign or
malignant and in the case of suspected malignancy to stage patients [1]. PNB can
also be used in patients with clinical indications of infection to collect tissue or cells
for microbiologic analysis [1]. In addition, PNB is also used to characterize diffuse
parenchymal diseases (i.e., glomerulonephritis in the kidney, cirrhosis in the liver,
idiopathic pulmonary fibrosis in the lung) and assess the type as well as the spread
of these conditions (Figs. 7.1, 7.2 and 7.3) [1, 2].

Contraindications for PNB

There are currently no absolute contraindications for PNB due to the benign nature
of the procedure and the decreased morbidity and mortality over alternative proce-
dures for biopsy [1]. Relative contraindications include:

* Medical conditions including significant uncorrectable coagulopathy or hemo-
dynamic instability, including compromised cardiopulmonary function [1].
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Fig. 7.1 (a) Soft tissue nodule (solid arrow) within the right lung apex. (b) CT-guided percutane-
ous lung biopsy of the right apical nodule (circle) with visualized biopsy needle tract (solid arrow)

Fig. 7.2 Ultrasound-guided percutaneous needle biopsy of cirrhotic liver with visible needle tract
(arrow)

* Procedural parameters including absence of safe route for needle access to the
lesion [1].

* Patient parameters include uncooperative patients or inability to position the
patient appropriately for the procedure [1].

* Pregnancy is a relative contraindication when ionizing radiation (CT, fluoros-
copy) is used for image guidance.
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Fig. 7.3 Ultrasound-guided percutaneous needle biopsy of kidney with visible needle tract
(arrow)

Procedure

The following is a step-by-step outline of the procedure for PNB:

A targeting scan is completed and evaluated to determine procedural approach
and image-guidance to be used.

CT, MR or ultrasound modalities can all be used for image-guidance during
these procedures.

The patient is placed in the appropriate position based on the location to be biop-
sied and is then prepped and draped under sterile conditions.

A local anesthetic is applied to the planned access point and expected needle path [1].
In addition to local anesthetic, moderate sedation is occasionally used (see Chap.
5 for discussion of sedation medications).

Under image guidance using CT or ultrasound, the guide-needle is placed into
the target region (Figs. 7.2 and 7.3).

The biopsy gun with biopsy needle is placed through the guide needle into the
target region where multiple biopsy samples are then taken.

Occasionally the guide needle is repositioned to sample multiple areas within the
region of interest.

Following removal of the guide-needle, the patient is scanned post-procedure
for immediate complications including bleeding and pneumothorax in lung
biopsy [1].
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Table 7.1 Reported and threshold success rates for specific organ systems based on SIR
Percutaneous Needle Biopsy Guidelines

Biopsy site Reported success rate (%) | Suggested threshold rate (%)
Thorax/lung 77-96 75
Musculoskeletal 76-93 70
Other sites (mediastinum, 70-90 75

adrenal gland, head, and neck)
Adapted from [1]

Outcomes

Technical success of PNB is defined as the acquisition of sufficient tissue or cell
material for conclusive diagnosis [1]. Expected rates of clinical and technical suc-
cess for PNB of specific organs are based on Society of Interventional Radiology
(SIR) Guidelines and are summarized in Table 7.1 [1].

Procedural factors affecting the success rate of PNB include number of samples
collected, the experience and availability of pathology staff, type of imaging guid-
ance used, and operator experience. Patient and lesion factors affecting the success
rate of PNB include the size of the lesion to be biopsied, the organ system in which
lesion is located, and whether the lesion is benign or malignant [1].

Complications

The complications of PNB depend on the body region and organ system biopsied as
well as the method of biopsy including the needle type and the use of ionizing radia-
tion. The quantity of ionizing radiation to which the patient is exposed under CT
and fluoroscopic guidance is very low, and radiation-related complications are very
rare. In particular, low-dose radiation protocols are currently being introduced and
are further reducing patient radiation dose [3].

Complications are graded as minor or major based on the Standards of Practice
Quality Improvement Guidelines: major complications include admission to hospi-
tal for therapy, unplanned increases in level of care, prolonged hospitalization, per-
manent adverse sequelae, or death; minor complications include no sequelae,
nominal therapy, or hospital stay for observation only [1].

A summary of the reported complication rates and suggested threshold compli-
cations for non-thoracic and thoracic biopsies based on the 2010 SIR Guidelines is
presented in Tables 7.2 and 7.3, respectively [1].
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Table 7.2 Major complication rates for non-thoracic PNB with threshold recommendations

Major complication

Bleeding®
Kidney (>18 gauge)
Kidney (<18 gauge)
Liver
Spleen
Others (adrenal, abdo)
Biopsy tract seeding
Pneumothorax requiring intervention

Adapted from [1]
“Transfusion or intervention is required
abdo abdomen

Complication rate (%) | Threshold rate (%)

2.7-6.6 10
0.5-2.8 5
0.3-3.3 5
0-8.3 10
0.1-3 6
0-3.4 5
0.5

Table 7.3 Complication rates for thoracic PNB with threshold recommendations

Complication

Hemoptysis requiring hospitalization or therapy

Thoracostomy tube placement leading to
extended admission, catheter exchange, or
intervention (pleurodesis)

Air embolism
Pneumothorax
Thoracostomy tube placement

Adapted from [1]

Drainage and Aspiration

Complication Threshold
Severity | rate (%) rate (%)
Major 0.5 2
Major 1-2 3
Major 0.06-0.07 <0.1
Minor 12-45 45
Minor 2-15 20

Drainage involves the insertion and positioning of one or more temporary or perma-
nent catheters via transcutaneous or trans-orifice route for ongoing drainage of fluid
from a fluid collection or abscess primarily for therapeutic purposes [4].

Aspiration is the extraction of part or all of the fluid within a fluid collection
using a needle or a catheter performed for therapeutic or diagnostic purposes, after
which the needle or catheter is removed [4].

Image-guided drainage and aspiration have emerged as a standard approach for
both therapeutic and diagnostic purposes [4]. Drainage and aspiration can be per-
formed under imaging using either ionizing radiation (CT, fluoroscopy) or non-
ionizing radiation (MRI, US). Selection of imaging modality depends on the patient,
anatomical location of fluid collection, and technical difficulty of the procedure [4, 5].
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Table 7.4 Characteristics of Adjusted odds
infected and uninfected Characteristic ratio for infection
intra-abdominal fluid
. Presence of gas 32.0
collections [6] -
Average CT density 20 HU or 10.0
larger
Fluid collection wall thickness Not associated
with infection
Fluid heterogeneity and Not associated
composition with infection
HU Hounsfield unit

Identifying Abnormal Fluid Collections and Abscesses

The decision to drain fluid collections is based on the need for diagnostic character-
ization and clinical assessment of symptoms [6]. Objective diagnostic imaging find-
ings can be used to characterize fluid collections and may serve in conjunction with
clinical assessment to plan intervention and future treatment. The differential for
fluid collections is broad and can include abscess, hematoma, lymphocele, biloma
(intra-abdominal), and seroma (postoperative) [6].

Characteristics of infected and uninfected intra-abdominal fluid collections are
listed in Table 7.4 [6].

Indications for Drainage and/or Aspiration

The indications for drainage and aspiration as developed in the SIR standards of
practice [4] are very general due to the breadth of pathology that may present as
fluid collections and abscesses:

* Diagnostic indications for drainage and aspiration include the need for fluid
characterization [4].

* Therapeutic indications for drainage and aspiration including clinical suspicion
that fluid is infected, presence of severe symptoms, or is resulting from an abnor-
mal fistula [4].

* Clinical signs of infection including fever, chills, leukocytosis, and pain in the
area of the abscess [4, 0].

* Local symptoms may also be present including dyspnea for pulmonary abscesses,
nausea and vomiting, diarrhea, or abdominal distention with intra-abdominal
abscesses [0].

* Adjunctive therapeutic indications for drainage and aspiration include stabiliza-
tion before surgery and improving the outcome of subsequent procedures and
interventions [4].
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Contraindications for Drainage and/or Aspiration

As with percutaneous needle biopsy, there are no defined absolute contraindications
to percutaneous drainage and aspiration. The decision to proceed with percutaneous
or surgical drainage and aspiration is made based on patient, pathology, and techni-
cal factors by the team of clinicians responsible for care of the patient [4]. Relative
contraindications include:

* Medical conditions including significant uncorrectable coagulopathy or hemo-
dynamic instability, including compromised cardiopulmonary function [4].

* Procedural parameters include absence of safe access pathway for the lesion [4].

» Patient parameters include uncooperative patients or inability to position the
patient appropriately for the procedure [4].

* Pregnancy is a relative contraindication when ionizing radiation (CT, fluoros-
copy) is used for image guidance.

* General anesthesia may be required in place of moderate sedation most frequently
used by diagnostic radiologists due to patient factors including allergies to anes-
thetic agents, cardiopulmonary instability, inability to manage airway, and pain [5].

Procedure (Fig. 7.4)

An outline of the procedure for image-guided percutaneous drainage is presented
below:

* Once the decision to proceed with image-guided percutaneous drainage has been
made, target imaging is used to plan the procedural approach including patient
position, imaging modality (CT or ultrasound), and specific equipment.

* The patient is placed in the appropriate position, prepped and draped in a sterile
manner.

* Alocal anesthetic is applied to the planned access point and expected needle path [1].

 In addition to local anesthetic, moderate sedation is occasionally used (see Chap.
5 for discussion of sedation medications).

¢ Under image-guidance, a sheathed needle is used to enter the fluid collection.

* The Seldinger technique is often used to place a guidewire into the fluid collec-
tion prior to large-bore needle or catheter placement for aspiration or drainage,
respectively [7].

* A portion of the fluid collection is aspirated and often a sample may be sent for
diagnostic assessment.

* One or more catheters are then placed into the fluid collection and are left to
drain.

* The catheter position is evaluated on imaging and it is sutured at the skin surface
to secure the catheter in place.

* Post-procedure imaging is completed to confirm satisfactory position of the
drainage catheter and assess for procedural complications.


http://dx.doi.org/10.1007/978-3-319-17238-5_5

7 Biopsy and Drainage

49

Fig. 7.4 (a) Thick-wall collection (solid arrow) in the right lower abdomen. (b) Pigtail catheter

inserted under CT guidance into the abscess collection (dashed arrow)

Table 7.5 Complications for drainage and aspiration by body region [5]

Body region
Thorax

Abdomen

Pancreas, kidney,
retroperitoneal
space

Pelvis

Complications

Fluid collection
types

Empyema, lung
abscess, mediastinal
abscess, sterile
pleural effusion
Liver abscess,
spleen abscess,
perforated viscus
resulting in fluid
accumulation

Pancreatic
collections from
pancreatitis or duct
injury, renal and
perinephric fluid
collections

Pelvic abscess

Common and major
complications

Pneumothorax, fluid

loculation, septation of

collection area

Hepatocolic fistula
creation, sepsis,
puncture of adjacent
structures, bleeding,
death by biliary
peritonitis

Fistula formation,

hemorrhage, infection,

sepsis

Hemorrhage, pain,

introduction of colonic

or vaginal flora into
sterile fluid

Complication risk
factors

Bronchopleural fistula,
large pleural leak,
hemothorax

Transpleural drainage

None characterized

None characterized

The complications of fluid drainage and aspiration depend on the characteristics of
the fluid, the location of the fluid collection (Table 7.5) [5], patient comorbidities,
technical factors including procedural difficulty, and type of imaging used.
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Common complications include infection (both those which were present before
drainage and those caused by continued catheter placement), bleeding, and puncture
of adjacent critical structures [8].

Complications are graded as minor or major based on the Standards of Practice
Quality Improvement Guidelines: major complications include admission to hospi-
tal for therapy (less than 48 h), unplanned increases in level of care including pro-
longed hospitalization (greater than 48 h), permanent adverse sequelae, or death.
Minor complications include no sequelae, nominal therapy, or hospital stay for
observation only [4].
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Chapter 8
Arterial and Venous Access

Jason Martin

Introduction

Vascular access is based on several general principles that factor in the patient, the
puncture, and the procedure. Central to access is the underlying anatomy, a vital
component of any attempt. The Seldinger technique provides a safe way to access
vessels. It involves puncturing a vessel with an access needle, advancing a guidewire
through it, and then withdrawing the needle. A sheath can then be passed over the
guidewire, after which the guidewire is removed. Arterial and venous access may
serve both diagnostic and therapeutic roles in different patients. Venous access is
specific to the nature of patient pathology. Duration of access, rate of infusion, and
complication rates help clinicians decide between various venous access options.

Arterial Access

General principles of vascular access [1, 2]:

1. Choose the puncture site based on the procedure and individual patient needs.
2. Take into account the possibility of endovascular intervention when deciding on
a site.

Relate the site to anatomical landmarks.

Use a standardized, reproducible technique.

5. If you encounter problems, do not be afraid to switch sites.

Eal
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The purpose of arterial access is to provide adequate and safe entry to the
vasculature.

Sheaths up to 10 Fr can be placed percutaneously safely. With larger sheaths,
open access is preferable, unless using a percutaneous closure device [1].

Anatomy

Most complications post-puncture occur at the puncture site itself. The inguinal liga-
ment extends from the anterior superior iliac spine (ASIS) to the pubic tubercle, and
the femoral artery passes beneath this ligament [2]. Fluoroscopy may be used to locate
the head of the femur as an anatomical landmark. The artery usually passes along the
medial side of the femoral head [2]. Beware of using groin creases as a landmark, as
in obese patients, these may be increasingly distal to the inguinal ligament [2].

Procedure

The potential location of the common femoral artery is evaluated by tracing along
the inguinal ligament [2]. The artery is trapped between the index and middle finger
using the operator’s nondominant hand [2]. Lidocaine (1 %) is injected into the skin
and subcutaneous tissues between the index and middle finger. Penetration of the
local anesthetic causes the femoral pulse to be appreciated more clearly [2].

A 1-2 mm incision is created in the area of the injection, and a mosquito clamp
can be used to dilate the puncture site [2]. The artery is approached using an entry
needle at a 45° angle, and the needle is advanced through the anterior wall of the
artery (Figs. 8.1, 8.2, and 8.3). The anterior wall usually can be identified by pulsation
of the artery against the needle or palpated with the needle tip. Ultrasound guidance
is preferable and commonly employed by most interventional radiologists.

...
= *

s

i

Fig. 8.1 The Seldinger technique (a—f)
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Fig. 8.2 Chest radiograph revealing tunneled dialysis catheter in place

Fig. 8.3 Chest radiograph revealing PICC line in right brachial vein extending to the cavoatrial
junction
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Once pulsatile bleeding is achieved through the needle, the nondominant hand
may be used to secure the needle [2]. The floppy-tip portion of the guidewire may
be advanced through the needle, and placement is confirmed using fluoroscopy [2].

The needle is removed once placement is ensured, and a dilator, catheter, or vas-
cular sheath may be passed over the guidewire to maintain access [2]. Once all
devices have been removed from the vessel, firm compression of the artery for
10-15 min is advised to attain adequate closure of the arterial puncture [2].

Complications

Complications may include thrombosis, groin hematoma, and nerve damage
(uncommon).

Venous Access

Conventional Peripheral IV Lines

Conventional peripheral intravenous lines are cheap, effective, and used for short-
term access. Complication rates of phlebitis and infection increase substantially
with increased catheter dwell time; therefore, replacement should occur every 3—4
days [3, 4].

Central Catheters
Central Lines

There are no absolute contraindications to using central lines, as they can be lifesav-
ing. Indications include administration of IV fluid, medications or blood products,
inaccessible peripheral veins, repeated blood sampling, or vein-irritating medica-
tion such as chemotherapy. They are mainly placed in the internal and external jugu-
lar, although subclavian access may be used [3, 4].

There are three types of centrally inserted catheters:

1. Non-tunneled:

» Used for short-term access for rapid resuscitation or pressure monitoring.
» Life span is 5-7 days.
* Higher infection risk.
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2. Skin-tunneled:

* Good for longer dwell times
* Used in patients requiring long-term dialysis and frequent IV access, espe-
cially for blood products

3. Implantable ports:

* Catheter attached to reservoir implanted into surgically created pocket in the
chest wall. A needle may be placed into the reservoir to attain access.

* Less interference with daily activity, less flushing, reduced risk of infection.

* Expensive to insert and difficult to remove.

Peripherally Inserted Central Catheters (PICCs)

PICCs are indicated for use in patients requiring several weeks to 6 months of IV
therapy. This usually includes peripheral delivery of nutrition, antibiotics, analge-
sics, chemotherapy, or blood products. They are inserted into the basilic, cephalic,
or brachial veins and rest in the cavoatrial junction. Insertion of PICCs is safer
than central lines, with minimal risk of pneumothorax and hemothorax.
Complications include loss of placement, occlusion, deep vein thrombosis (DVT),
or phlebitis [3, 4].

Infections

Differentiating between local site inflammation and true infection is crucial.
Infections can include site cellulitis, skin tract or tunnel infection, and bacteremia.
Prophylactic antibiotics have not been shown to decrease infection rates [3, 4].
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Chapter 9
Embolization Materials and Principles

Jason Martin

Introduction

Embolization is a lifesaving procedure that can be used to control vascular flow in a
quick, minimally invasive manner. Embolization, the formation of an embolus
(artificially or naturally), involves injecting an agent into a vessel to cause a mechan-
ical occlusion and impaction and provide a framework for thrombosis. Most embo-
lization agents require an intact coagulation cascade, so it is imperative that
embolization is performed before severe coagulopathy develops.

Embolization agents can be categorized into temporary and permanent agents.
The selection of agent depends on the target for embolization, desired outcome,
type of vessels, flow characteristics, and the potential for complications. Operators
may use several maneuvers to avoid major complications such as agent reflux or
distal embolization of nontarget organs.

Embolization Agents (Liquids, Particles, Gelfoam, and Coils)

Embolization agents can be categorized into temporary and permanent agents.
Temporary agents include Gelfoam. Permanent agents include coils and particles.
Most liquid agents have no role in traumatic embolization due to increased risk of
tissue necrosis [1, 2].
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Gelfoam

Gelatin sponge is a temporary embolization agent made of purified skin gelatin.
It is used commonly in trauma or to provide distal embolization with subsequent
proximal embolization with coils. It is inexpensive, readily available, and is tem-
porary vessel recanalization after gelfoam embolization is seen within 2 weeks, but
can take up to 4 months for maximum restoration [1, 2].

Disadvantages include nonuniform particle size, and clot disruption with
rebleeding is possible.

Particles

The sizes of particles are more uniform than Gelfoam and cause permanent
occlusion of the vessel. Particles adhere to the vessel wall and cause mechanical
occlusion and an inflammatory reaction. Common particles include polyvinyl
alcohol (PVA), trisacryl gelatin microspheres (TAGM), and hydrogel. Sizes
range by 200 um: 100-300 um, 300-500 um, 500-700 um, 700900 um, and
900-1,200 um [3, 4].

Particles are mixed with saline and contrast, and a three-way stopcock is used to
mix the solution. Frequent remixing is important to prevent particle aggregation,
which increases as more contrast is used [3, 4].

Liquid Agents

Liquid agents include absolute alcohol, N-butyl cyanoacrylate, and other sclerosing
agents. N-butyl cyanoacrylate and ethylene vinyl alcohol copolymer are quite
expensive and require much operator experience [3, 4].

Thrombin

Thrombin is used extensively for iatrogenic pseudoaneurysm after catheterization.
Derived from bovine thrombin, there is a rare risk of allergic reactions. The mecha-
nism of action includes the direct activation of fibrinogen, converting it into fibrin
monomers. Thrombin does have a potential for accidental distal embolization. It can
also be used for endoleak repair after aortic aneurysm endograft [3, 4].
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Fig. 9.1 Coils and PVA particles used in embolization

Coils

Coils consist of steel or platinum wire looped in different sizes and orientations
(Fig. 9.1). Platinum coils are more opaque and malleable than steel, but are more
expensive.

Coils provide a frame for thrombosis; some have fibers (wool, nylon, silk, etc.)
to increase thrombogenicity. Bare coils need dense packing to occlude a given vessel.
Pushable coils are deployed by pushing them with a wire. Detachable coils have
controlled deployment that allows repositioning before final coil release [3, 4].

Anchor technique places the first coil in a small branch vessel to anchor the coil.
Scaffold technique involves placing a larger and stiffer coil first with subsequent
packing with softer coils [3, 4].

Principles: Tips and Tricks

* Always keep a separate table with the embolization material and separate bowls
for saline and contrast.

» Syringes used for embolization should not be used for postembolization
angiograms.
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» Test contrast injections of the selected vessel should be performed to assess
catheter position and the flow within the vessel for reflux potential.

* As the agent is injected, do so in small aliquots or “puffs.”

* Your postembolization DSA should use the same rate and puffs to assess vascular
stasis.

» After injecting the agent, flush your catheter with saline to purge the device of
agent. This also prevents aggregation at the tip of the microcatheter.

* Be wary of flow as you embolize. Initially fast-flowing vessels may slow, increasing
the risk of reflux.

e The lumen of your catheter contains a good amount of fluid, so as the vessel
approaches stasis, understand that excessive flushing or administration of agent
may cause reflux and accidental embolization of other organs.
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Chapter 10
Image-Guided Tumor Ablative Therapies

Lazar Milovanovic

Background

The development and emergence of intra-arterial and percutaneous endovascular
methods to access and treat pathologic lesions in the body has led to an increased
role for interventional radiologists within multidisciplinary oncology diagnosis and
treatment teams. In particular, thermal and non-thermal ablation techniques provide
a unique clinical benefit separate from medical, surgical, and radiation therapy in
the treatment of cancer [1].

There are multiple techniques that can be used for image-guided tumor ablation:
non-thermal ablation techniques for tumor treatment include chemical ablation and
irreversible electroporation, whereas thermal ablation techniques for tumor treat-
ment include radiofrequency ablation, cryoablation, and microwave ablation
(MWA). Non-thermal ablative therapy techniques utilize chemical and physical
properties of compounds including the cell membrane in order to cause protein
denaturation and vascular occlusion of the tumor blood supply or create permanent
nanopores in the cell membrane and alter cell homeostasis leading to cell death.
Thermal ablative therapy techniques utilize heat to destroy tumors through radiofre-
quency oscillation or microwave radiation oscillation by using frictional and kinetic
energy effects or rapid cooling of target tissue resulting in intracellular ice crystal
formation [1].
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Non-thermal Ablative Therapy

Chemical Ablation

Chemical ablation is a type of non-thermal ablative therapy using intratumoral injec-
tion of chemical substances including ethanol and acetic acid. It is an inexpensive and
simple procedure that has been used in small lesions primarily in the liver. It is an
effective treatment modality for local tumor management in developing regions due
to its low cost, few infrastructural requirements, and procedure simplicity. Success of
this procedure is lower than other ablation therapies due to difficulty establishing
uniform diffusion of ablative materials over the entire tumor volume. Chemical abla-
tion works by causing tumor vasculature thrombosis and protein denaturation leading
to cell death [1]. Currently, it is primarily utilized as an adjuvant therapy in addition to
primary therapy in lesions that are difficult to treat with thermal ablation [2—4].

Indications

e Adjuvant therapy in tumors that cannot be treated using thermal ablation tech-
niques due to lesion size, position, or patient factors

¢ Small subcutaneous tumors including thyroid cancer [5]

¢ Management of focal benign lesions [6]

¢ Hepatocellular carcinoma (HCC) in patients with cirrhosis [3]

Contraindications

 Patients with uncorrectable coagulopathy

* More than 3 tumors in the organ to be treated

» Liver failure based on the presence of ascites and/or jaundice (for treatment of
HCC)

* Metastatic lesions in the liver

e Tumor invasion of the vasculature

Procedure

* Chemical ablation is done under ultrasound or computed tomography (CT)
guidance.

* The patient is placed under conscious sedation.

¢ The planned puncture area and expected needle path are treated with local anesthetic.

* An 18G or 19G needle is introduced into the lesion and the tip is placed near the
peripheral margin of the tumor.

¢ Ethanol or acetic acid is injected slowly under image-guidance until treatment
fluid has diffused through the tumor.



10 Image-Guided Tumor Ablative Therapies 63

» If ethanol is used, dose is volume-dependent, but usually 2—10 mL of absolute
99.5 % ethanol is used per session [3].

e If acetic acid is used, dose is volume-dependent, but usually 1-3 mL of 50 %
acetic acid is injected [3].

Complications

Complications can include pain, fever, a feeling of alcohol intoxication and elevated
transaminase (if using ethanol), and chemical vein thrombosis.

Outcomes

The goal of chemical ablation is local tumor control. One-, two-, and three-year
local recurrence rates were reported to be 16 %, 34 %, and 34 % for percutaneous
ethanol injection and 14 %, 31 %, and 31 % for percutaneous acetic acid injection
for HCC in a randomized control trial [3].

Irreversible Electroporation

Irreversible electroporation (IRE) is a novel non-thermal ablative therapy currently
emerging as an alternative to thermal ablative therapy in patients unable to undergo
surgical resection or requiring adjunct therapy in addition to medical, surgical, or
radiation therapy for local control. IRE functions by using a high-voltage pulsed
electrical current to create an electric field which disrupts the electric potential gradi-
ent across tumor cell membranes. Disruption of the electric potential gradient leads
to the creation of permanent nanopores in the cell membrane, altering membrane
permeability and cell homeostasis and leading to apoptosis. Multiple factors affect
the efficacy of IRE including tissue physical parameters and electric field character-
istics. IRE is able to preserve vital structures within the ablated region due to reduced
effects from IRE on the collagenous structures and pericellular matrix proteins that
comprise the hepatic vasculature, portal vein, and intrahepatic bile ducts [1, 4, 7-9].

Indications

There are no well-established indications for IRE, and the majority of the evidence
in this field is focused on characterizing the learning curve, outcome profile, and
complications of the procedure on hepatic malignancy. Some indications have been
suggested based on preliminary research including ablation of tumors near vascular
structures or in areas where thermal effects would cause severe complications.
Hepatic lesion IRE is indicated in patients with no systemic metastases and all
hepatic lesions smaller than 3—4 cm [7].
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Device

The most commonly used device for IRE is the AngioDynamics NanoKnife system
(AngioDynamics, Latham, NY). The NanoKnife system is comprised of a computer-
controlled pulse generator, a footswitch, and disposable single-use electrodes. The
generator can operate with up to 6 probe outputs creating a maximum current of 50
A. Electric pulses are usually 3 kV in magnitude and last 20-100 ms. Variable
parameters include pulse duration, electrode configuration and placement, and
geometry. Spacing, position, and number of electrodes required to treat a particular
tumor are calculated by the generator based on a computer algorithm.

Procedure

* Pre-treatment planning is completed based on preoperative CT scan imaging to
quantify tumor volume, dimensions and morphology.

» IRE probes are positioned in the region of interest based on calculated positions
and bracket the tumor.

* This procedure is often done under general anesthesia in order to minimize
motion during the procedure.

* Pulse delivery is synchronized to the absolute myocardial refractory period on
the patient’s ECG after the R-wave.

Outcome and Post-procedure Follow-Up

Treatment technical success is defined as successful delivery of all planned pulses
based on the algorithm design after assessment of lesion dimensions and character-
istics. Technical success also includes complete ablation without evidence of
enhancement on axial CT scan 8 weeks post-procedure. Studies have proposed an
initial follow-up of 12 weeks post-IRE therapy, then every 3-month following.
Periprocedural mortality was reported at 0.6 % in one multi-institutional study [7].

Complications

Complications can include [4]:

* Muscle contraction or cardiac arrhythmias secondary to electrical harmonics
generated by current IRE devices

* Increased bleeding risk due to lack of coagulation around needle puncture site and tract

* Tumor recurrence due to areas of reversible electroporation within the treated area

e Deep vein thrombosis with or without pulmonary embolism

* Bile leak or biliary stricture

* Massive bleeding requiring transfusion

* Periprocedural nausea and vomiting

* Periprocedural infection

* Severe pain
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Thermal Ablative Therapy

Radiofrequency Ablation

Radiofrequency ablation (RFA) is a well-established thermal ablation technique that
utilizes frictional energy to heat the tumor tissue and cause protein denaturation lead-
ing to coagulation necrosis. Frictional energy is created from vibration of polar mol-
ecules moving in-phase with an alternating current created by radiofrequency waves
created by RF electrodes placed in the tissue. In addition to heat from frictional
energy, resistive heat of the tumor tissue is generated by electric current travelling
through ionic tissue. RFA has been demonstrated in hepatic, renal, and pulmonary
lesions for local management in nonsurgical candidates (Fig. 10.1) [1-4, 8, 10-14].

Fig. 10.1 (a) Exophytic renal mass (solid arrow) prior to radiofrequency ablation (RFA). (b) RFA
probe (circle) within the right renal tumor with needle tract visible (solid arrow). (¢) Immediate
post-RFA ablation. (d) 12-month post ablation zone with no tumor recurrence
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Indications

RFA is indicated in patients with renal, hepatic, or pulmonary primary or metastatic
lesions without systemic disease as well as palliative management of benign and
malignant osseous lesions:

¢ Pulmonary malignancy:

— Early-stage primary lung cancers in patients who are nonsurgical candidates
(due to technical challenges, medical comorbidities, or patient factors)

— Metastatic lesions in patients who are nonsurgical candidates (due to techni-
cal challenges, medical comorbidities, or patient factors)

— Tumors smaller than 4 cm in diameter with a maximum of three lesions per
lung during a single patient evaluation

* Hepatic malignancy:

— Hepatocellular carcinoma (HCC) patients with early-stage disease based on
the Barcelona Clinical Liver Cancer (BCLC) classification who are not surgi-
cal candidates

— Nonsurgical candidates with metastatic hepatic lesions, with a total number of
up to 3 tumors, all of which are less than or equal to 4 cm in diameter at
patient presentation

— Tumors smaller than 4 cm in diameter with a maximum of three tumors dur-
ing a single patient evaluation

— Intraoperative RFA is indicated for patients with metastatic hepatic lesions to
treat a larger number of tumors

* Renal malignancy:

— Renal cell carcinoma (RCC) patients with biopsy-proven T1a NO MO disease
where both surgery and active surveillance are contraindicated

— Lesions up to 4 cm in diameter in patients with up to three tumors per
presentation

¢ Osteoid osteoma:
— Primary therapy for this small, painful, benign bone lesion [15]
¢ Bone metastases:

— Palliative pain relief in patients with painful osseous lesions without systemic
spread of disease

— Patients with no pathologic fractures who are poor candidates for or have
failed standard therapy (radiation, opioid analgesia) [16]
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Contraindications

Contraindications include:

Pulmonary malignancy:

Tumor adjacent to major vasculature
More than five lesions per lung
Uncorrectable coagulopathy

Acute illness or infection

Recent myocardial event

Poor life expectancy

Hepatic malignancy:

HCC where surgery is indicated and available.
Evidence of vascular invasion or extrahepatic spread that cannot be treated by
surgical resection.

Tumor <1 cm from main biliary duct.
Intrahepatic bile duct dilation.

Anterior exophytic tumor location.
Bilioenteric anastomosis.

Uncorrectable coagulopathy.

Acute illness or infection.

Recent myocardial event.

Poor life expectancy.

Renal malignancy:

Tumor adjacency to major vasculature
Uncorrectable coagulopathy

Acute illness or infection

Recent myocardial event

Poor life expectancy

Large tumors (>4 cm)

Osteoid osteoma:

Lesions located in the spinal vertebra within 1 cm of neural elements should
be treated with surgical excision due to the poor outcomes with RFA [17, 18].

Bone metastases:

Risk of fracture in weight-bearing bones

Hypervascular lesions

Large lesions (>3-4 cm)

Tumors contacting hollow viscera or neural elements [18]
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Device and Technique

There are multiple different types of commercially available and currently used
RFA devices: AngioDynamics (Queensbury, NY), LaVeen Boston Scientific
(Natick, MA), Radionics (Burlington, MA), and Valleylab Covidien (Mansfield,
MA). The RFA apparatus is comprised of an RFA generator (Fig. 10.2a), electrodes,
and array (Fig. 10.2b).

There are multiple different gauge caliber electrodes available ranging from 14
gauge to 17 gauge in caliber with variable ablation zone sizes depending on elec-
trode parameters. The electrodes are available in different types (expandable multi-
tined, internally cooled or perfused), lengths, gauges, and tine configurations
depending on the depth of tumor and patient factors.

The major difference between different types of generators is the control system:
both impedance-based and temperature-based control systems are available.
Impedance-based RF generators function by applying increasing energy to the elec-
trode until tissue desiccation occurs and the tissue impedance exceeds a pre-defined
threshold [19]. Temperature-based RF generators function by delivering energy to
the RF electrode in sufficient amount to increase the tissue temperature to a pre-
defined level in order to cause necrosis [19]. Generally, electrodes are available
from 14 to 17 gauge with single probes or cluster electrodes and variable lengths
from 10 cm to 25 cm and can be deployed into star- or umbrella-shaped arrays.
Absolute temperature for each device ranges from 15 to 125 °C. Peak power in cur-
rently available generators ranges from 150 to 250 W.

Fig. 10.2 (a) An impedance-driven Boston Scientific RF3000 radiofrequency generator. (b) A
Boston Scientific RFA needle electrode with array deployed (Figures used with permission of
Boston Scientific)
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Procedure

* This procedure is usually performed under conscious sedation and local anesthesia
but may also be performed under general anesthesia with standard cardiac, oxy-
gen and pressure monitoring.

e Under CT or US guidance, the target lesions are identified.

* Radiofrequency ablation electrodes are positioned in pre-planned locations
within the lesion.

» Selection of single or cluster electrodes is made based on operator clinical expe-
rience and size of the target lesion.

* Procedure is initiated and ablation continues until impedance end-point is
reached and device turns off or target temperature is reached after gradual
increase in generator output power over a 12-min period.

* The targeted ablative margin is 0.5-1 cm beyond the borders of the tumor.

Outcomes

The goal of radiofrequency ablation is local tumor control and prolonged survival.
Complete ablation is characterized by a non-enhancing region in the location of the
tumor and ablative margin on contrast-enhanced imaging.

Local control rates in the liver have been reported at 90 % for large tumors
(>3 cm), and complete ablation rates have been reported ranging from 91 to 100 %
[12]. Three-year survival for patients with HCC treated with RFA ranges from 50 to
91 % depending on the study population [12]. Local recurrence rate of pulmonary
tumors after RFA has been documented to range from 3 to 38 % with a 3-year sur-
vival rate of 15 to 46 % [14]. Ablation success rate documented on CT scan for renal
tumors has been reported to range from 69 to 100 % [13]. A comparison of
impedance-based and temperature-based control systems for local control of renal
tumors showed no differences in clinical outcomes including clinical efficacy, renal
function, and local recurrence [19].

Complications

General complications include pain and paresthesia at site of electrode insertion,
hematoma at puncture site, hemorrhage (minor or major requiring transfusion), and
death [16-18].

Hepatic RFA complications include:

* Subcapsular hematoma
* Bowel perforation

* Abscess

* Hemothorax

e Tumor seeding

* Bile duct injury

* Bowel perforation
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Pulmonary RFA complications include:

¢ Pneumothorax

¢ Pleural effusion

¢ Hemothorax

¢ Pneumonia

* Pulmonary abscess
* Hemoptysis

* Chest pain

Renal RFA complications include:

* Subcapsular hemorrhage

* Tumor tract seeding

e Urethral injury

* Neuropathic pain along lumbar plexus
* Bowel perforation

Osteoid osteoma and bone metastases RFA complications may include:

* Neural injury
¢ Skeletal fracture
e Thermal skin burn

Microwave Ablation

MWA is a thermal ablative technique whereby tissue heating is caused by water
molecule vibrations due to an oscillating electromagnetic field emitted by a micro-
wave antenna. Unlike RFA, MWA does not depend on the electrical conductivity,
tissue impedance, or thermal conductivity of tissue. The goal of MWA is to cause
coagulation necrosis leading to subsequent cell death similar to RFA. MWA gener-
ates heat within a larger heating zone reaching higher temperatures over shorter
periods of time than RFA, leading to more uniform zone of necrosis. Like RFA,
MWA is less effective in tumors adjacent or near to large vessels due to heat-sink
effect; however, this effect is less pronounced in MWA. A 1.0-cm ablation margin is
targeted around the tumor with this technique [1, 8, 20-26].

Indications

MWA is currently being assessed and evaluated as a viable treatment or palliation
technique in hepatic malignancy, pulmonary malignancy, and renal and bone malig-
nancy. Indications for each of hepatic, pulmonary, and renal malignancy are similar
to those for RFA:
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Pulmonary malignancy: MWA ablation indications include early-stage primary
lung cancer or small number of pulmonary metastases (less than 5) in accessible
locations. Pulmonary MWA ablation has also been indicated for palliation of
large tumors with invasion into the chest wall causing pain.

Hepatic malignancy: MWA ablation is indicated in patients with unresectable
primary or metastatic liver cancer with a small number of tumors (usually less
than 5).

Renal malignancy: MWA ablation is indicated in patients with single, solid
renal tumors not eligible for surgery.

Bone malignancy: Bone MWA ablation is more effective than RFA and other
ablation methods due to the low conductivity and thermal conduction limiting
RFA effectiveness. Bone MWA ablation is indicated for treatment of painful
osteoid osteomas and metastases.

Contraindications

Contraindications for MWA are similar to those for other methods of tumor
ablation:

Pulmonary malignancy:

— Tumor adjacency to major vasculature
— More than five lesions per lung

— Uncorrectable coagulopathy

— Acute illness or infection

— Recent myocardial event

— Poor life expectancy

Hepatic malignancy:

— Clinical evidence of liver failure

— Uncorrectable coagulopathy

— Acute illness or infection

— High intrahepatic tumor burden

— Tumor proximity to major vessels or other organs
— Poor life expectancy

Renal malignancy:

— Tumor adjacency to major vasculature
— Uncorrectable coagulopathy

— Acute illness or infection

— Recent myocardial event

— Poor life expectancy

— Large tumors (>4 cm)
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Device and Technique

The MWA device consists of a microwave generator, power distribution system, and
microwave antennae. The microwave generator generates oscillating electromag-
netic fields at frequencies greater than 900 MHz (usually 915 MHz) leading to alter-
ation in the rotation of water molecules causing frictional heat production. MWA
probes used are primarily 14.5 gauge with active tip lengths of 1.6 or 3.7 cm and a
total length of 12, 17 or 22 cm. The probes can be used alone in conjunction with up
to 2 additional probes in order to ablate larger tumors.

Ablation of tumors larger than 2 cm requires multiple microwave antennae
placed in the tumor spaced appropriately in order to ensure complete ablation.

Procedure

The procedure for MWA is similar to RFA with differences in position of antennae
placement and treatment time.

e This procedure is usually performed under conscious sedation and local anes-
thetic but may also be performed under general anesthesia with standard cardiac,
oxygen, and pressure monitoring.

e Under CT or US guidance, the target lesions are identified and microwave anten-
nae are positioned within the lesion.

» Positioning of the antennae is based on the size of the tumor, the active tip lengths
of the probes used, and the required ablative margin.

* MWA is conducted at a power of 45 W for 7—10 min for each ablation area.

* The total ablation time depends on the number of antenna positions required.

Outcomes

The goal of MWA is local tumor control and prolonged survival similar to
RFA. Complete ablation is characterized by a non-enhancing region in the loca-
tion of the tumor and ablative margin on contrast-enhanced imaging (Fig. 10.3).
The current literature on local recurrence data for MWA primarily contains lower
quality retrospective studies with few prospective trials, which show a local recur-
rence rate of 2-3 % for hepatic and renal malignancies and 21 % for pulmonary
malignancies at 1 year [23-25]. Three-year overall survival for patients treated
with MWA in the literature was reported to be 72.5 % and 30 % for primary HCC
and hepatic metastases treatment and 24 % for pulmonary depending on the study
population [22-25]. Five-year overall survival for patients treated with MWA for
renal tumors was reported to be 67 % [26]. Comparison studies of MWA and
cryoablation in the setting of small renal masses showed no significant difference
in local or metastatic recurrence in lesions treated with MWA compared to cryo-
ablation [27].
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Fig. 10.3 HCC in the left lobe of the liver on an (a) arterial-phase contrast CT, (b) with MWA
needle in position prior to ablation and (c) post-ablation arterial-phase contrast CT with a charac-
teristic non-enhancing region suggestive of complete ablation

Complications

General complications include pain and paresthesia at site of electrode insertion, hema-
toma at puncture site, hemorrhage (minor or major requiring transfusion), and death.
Hepatic MWA complications include:

* Bile duct stenosis
 Intractable bleeding
e Liver abscess

* Colon perforation

¢ Skin burns

e Tumor seeding

Pulmonary RFA complications include:

¢ Pneumothorax
e Pleural effusion
¢ Hemothorax
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e Pneumonia

* Pulmonary abscess
* Hemoptysis

* Chest pain

Renal RFA complications include:

* Subcapsular hemorrhage
e Tumor tract seeding

e Urethral injury

* Bowel perforation

Cryoablation [1, 4, 8, 13, 28]

Cryoablation is a thermal ablative technique whereby target tissue is rapidly cooled
leading to the formation of intracellular ice crystals. The intracellular ice crystals
destroy organelles and cell membranes, inducing pore formation and disrupting
electrochemical gradient. Tumor death is caused by immediate cell death due to
cellular destruction and tonicity changes or initiated apoptosis due to cell homeosta-
sis alteration. Cryoablation also causes small vessel thrombosis resulting in further
cell death.

The technique uses a rapid freeze/thaw cycle in order to maximize cellular dam-
age during the procedure. Temperatures reach a minimum of —130 °C at the center
of the probe and 0 °C at the boundary of the ablation region defined by the “ice ball”
appearance on imaging. Similar to RFA and MWA, a 1.0-cm ablation margin is
targeted around the tumor with this technique.

Indications

Currently, cryoablation is primarily used for renal malignancy with preliminary evi-
dence for hepatic lesions. Hepatic cryoablation is indicated in patients with unre-
sectable primary or metastatic liver cancer with a small number of tumors and
preserved proportion of liver. Renal cryoablation is indicated in patients with single,
solid renal tumors not eligible for surgery similar to RFA and MWA.

Contraindications

General contraindications for cryoablation are similar to those for other methods of
tumor ablation, and current studies are still in early stages for examining outcomes
of this procedure on different types of tumors in order to develop guidelines for
contraindications to the procedure.
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* Hepatic malignancy:

— Liver failure

— Uncorrectable coagulopathy

— Acute illness or infection

— High intrahepatic tumor burden

— Tumor proximity to major vessels or other organs
— Poor life expectancy

* Renal malignancy:

— Tumor adjacency to major vasculature
— Uncorrectable coagulopathy

— Acute illness or infection

— Recent myocardial event

— Poor life expectancy

— Large tumors (>4 cm)

Device and Technique

The cryoablation device consists of a cryoablation system and multiple cryoprobes
and temperature gauges. Several types of cryoablation devices are currently avail-
able: the PerCryo device (Endocare, Irvine, CA), the Presice device (Yokneam,
Israel), and SeedNet and MRI SeedNet systems (Yokneam, Israel).

The PerCryo device has multiple sharp probes available of varying diameters and
lengths that can create an ablation zone of 32 x 34 mm to 45 x 64 mm based on the
0 °C boundary. The Presice, SeedNet, and MRI SeedNet systems use an argon-
based cooling design for cryotherapy and have an ablation zone ranging from 31 x
36 mm to 40 x 67 mm. All of the systems contain thermal sensors that provide real-
time feedback on the temperature.

Procedure

The cryoablation procedure is similar to other thermal ablative therapies, with
changes due to differences in ablation volume and probe used.

» This procedure is usually performed under mild to moderate sedation and local
anesthetic.

* Under CT, US or MR guidance, the targeted lesions are identified and CryoProbes
are placed into the center of the tumor.

* Additional probes are placed if necessary based on tumor volume and planned
ablative margin.

* Cryoablation is conducted at a maximum temperature of —20 to —40 °C for each
ablation area in order to ensure adequate cell damage and small vessel thrombosis.

» Treatment guidelines for the positioning of CryoProbes as well as the duration of
ablation depend on the manufacturer specifications of the device used.
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Outcomes

The target outcome for cryoablation, similar to other ablative therapies, is local
tumor control. Complete ablation is characterized by a non-enhancing region in the
location of the tumor and ablative margin on contrast-enhanced imaging. Intra-
procedurally, imaging of the “ice ball” determines effectiveness of probe placement
for tumor and margin ablation.

Local recurrence following cryoablation for renal malignancy was measured to
range from 2 to 4 % on mean follow-up time ranging from 6 to 27 months [13].
Three-year local recurrence rate following cryoablation for pulmonary malignancy
was 20.2 % for tumors< 15 mm in diameter and 71.4 % for tumors>15 mm in
diameter [28]. Future work in this area is focused on comparing local recurrence
and survival in cryoablation compared to RFA and MWA.

Complications

General complications include pain and paresthesia at site of electrode insertion, hema-
toma at puncture site, hemorrhage (minor or major requiring transfusion), and death.
Complications for cryoablation in renal tumors include:

* Hemorrhage or vascular injury
¢ Hematuria

¢ Pulmonary embolus

* Infection

e Tumor seeding

e Skin freeze

¢ Cerebrovascular event

Complications for cryoablation in pulmonary tumors are similar to RFA and may
include:

¢ Pneumothorax

¢ Pleural effusion

¢ Hemothorax

¢ Pneumonia

e Pulmonary abscess
* Hemoptysis

e Chest pain
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Chapter 11
Thoracic Interventional Radiology

Lazar Milovanovic

Background

The interventional radiologist has a significant role in the management of vascular
and nonvascular pathologies in the thorax and serves an important role as part of the
treatment team by providing expertise in image-guided percutaneous interventions.
Interventional radiology procedures of the thorax are a well-established field, with
percutaneous transthoracic lung biopsy (PTLB) first described by Dahlgren and
Nordenstrom in 1966 [1]. In the diagnosis of thoracic pathologies, percutaneous
thoracic biopsy (PTB) of lung, pleural, and mediastinal tissue and cells is compara-
ble in effectiveness to surgical biopsy with reduced morbidity and complications [2].

Percutaneous Thoracic Biopsy

PTB provides a minimally invasive method by which lung, mediastinal, or pleural
tissue can be collected in order to diagnose thoracic pathologies. The goal of the pro-
cedure is to obtain enough tissue or cells required to meet diagnostic needs for patho-
logic assessment. PTB is now primarily done under computed tomography (CT) but
can also be done under fluoroscopy and ultrasound guidance for pleural-based lesions
[2]. Imaging modality of choice for procedural guidance depends on lesion location
and operator preference [2]. Biopsy can be done using fine-needle aspiration (FNA)
for cytology or core needle biopsy (CNB) for pathologic tissue analysis [3].
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Percutaneous Transthoracic Lung Biopsy

Indications

Indications for PTLB [2-5] are based on the SIR percutaneous needle biopsy guide-
lines developed by Gupta et al. in 2010 and the British Thoracic Society (BTS)
guidelines developed by Manhire et al. in 2003 and may include [4, 6]:

e Targeted focal lung lesions

¢ Lesion or nodule inaccessible via bronchoscopy

» Lesions with inconclusive/nondiagnostic bronchoscopic biopsy results

e Multiple nodules in patient with no known malignancy, with prolonged remis-
sion or with more than one primary malignancy diagnosis

 Focal infiltrates persisting over time with no diagnosis based on other investigations

* Mass/lesion present in hilum

* Collection of tissue for microbiologic analysis in cases of suspected or known
infection

» Diagnosis and characterization diffuse parenchymal diseases

Contraindications

All contraindications for this procedure are relative, and the risks of the procedure should
be weighed against the benefit of performing it prior to making a decision to biopsy [2]:

¢ Increased risk of bleeding or current use of anticoagulation therapy: platelet
count <50,000/ml and aPTT ratio or PT ratio >1.5

* Emphysema

* Presence of bullae

¢ Impaired lung function

* Prior pneumonectomy

¢ Pulmonary hypertension

¢ Lack of patient cooperation

* Predicted forced expiratory volume in 1 s (FEV1) of less than 35 % [4]

Pre-procedural Assessment and Imaging

Pre-procedural imaging (primarily chest radiographs, CT scans, or PET/CT) is
assessed to locate the lesion to be biopsied, determine appropriateness of biopsy,
and plan the access approach to the lesion in order to perform the procedure [4].
Coagulation indices including prothrombin time (PT), activated partial thrombo-
plastin time (aPTT), and platelet count are determined. Oral anticoagulants should be
managed (stopped or left unchanged) based on anticoagulation use guidelines out-
lined in Chap. 5 [2, 4].
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Imaging Guidance

PTB can be completed under CT, ultrasound, or fluoroscopic guidance. Ultrasound
is the least expensive, safest, and fastest method for image guidance but can only be
used when lesions are located peripherally and contact the pleura (less than 30 % of
all thoracic lesions) [2]. CT guidance provides axial imaging slices and can be used
for lesions unsuitable for ultrasound guidance (Fig. 11.1) [2]. In some cases, such as
highly mobile lesions, fluoroscopy or CT fluoroscopy may be useful for real-time
visualization of needle position [3].

Procedure

* PTB can be performed under local anesthetic where possible without sedation [4].

» The patient should be positioned in order to minimize the length of aerated lung
traversed.

* A radiopaque grid is used to map the optimal access point.

e After administration of local anesthetic, with or without sedation, a small inci-
sion is made using a scalpel blade.

» Atthis point, a biopsy coaxial needle, with needle size selected by the interventional
radiologist based on the lesion size and depth, is introduced into the target tissue.

* A biopsy gun loaded with a coaxial biopsy needle (usually 20 gauge) is then
carefully introduced and activated.

* Two or three tissue or cell samples are collected and sent for diagnostic analysis
and sample characterization.

Fig. 11.1 Axial CT of thorax with (a) focal lung lesion (solid arrow) and (b) biopsy needle (solid
line) placed under CT guidance transthoracically into lesion (circle)
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Complications

Reported complications of PTB include pneumothorax, tumor implantation, air
embolism, subcutaneous emphysema, mediastinal emphysema, empyema, bron-
chopleural fistula, and bleeding complications including hemoptysis, hemothorax,
arteriobronchial fistula, and pulmonary hemorrhage [6].

Of these complications, the most common are pneumothorax and pulmonary
hemorrhage. Estimated mortality from this procedure has been reported between
0.07 and 0.15 % [7, 8]. Pneumothorax occurs in 12-45 % of cases, and of these
cases, 2—15 % require chest tube insertion for pneumothorax management [6].
Variability in pneumothorax rates is due to varying patient populations, differences
in pneumothorax definition and diagnosis, as well as the type of imaging used in the
intra- and post-procedure assessment to characterize pneumothorax. Risk factors
for pneumothorax include large biopsy needles used, number of pleural punctures,
size and depth of lesion, preexisting lung disease, lack of patient cooperation, and
operator inexperience.

Pulmonary hemorrhage has been reported without hemoptysis in 5-17 % of
patients and with hemoptysis in 1.25-5 % of patients [7, 8]. Risk factors for hemor-
rhage include increasing lesion depth, long biopsy path, small lesion size, and
emphysema.

Post-procedure Imaging

Imaging in the post-procedure setting is important for the assessment of immediate
and delayed patient complications following lung biopsy, particularly pneumotho-
rax [2]. Upright chest radiographs and chest CT can be used in the post-procedure
setting to assess for complications immediately after the procedure is concluded and
should be repeated prior to discharge or if patients develop clinical signs of
complications.

Outcomes

Reported success rate for thoracic or pulmonary needle biopsy ranges from 77 to
96 % [3, 6]. Comparison of CNB and FNA diagnostic accuracy rates across differ-
ent types of biopsy findings showed comparable diagnostic accuracy for FNA in
malignant tumors (85.1 % versus 86.7 %) and malignant epithelial neoplasms
(86.4 % vs. 85.2 %) with higher diagnostic accuracy in CNB for malignant nonepi-
thelial neoplasms (96 % vs. 77 %) as well as benign-specific lesions (92 % vs.
40 %) [3].
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Mediastinal Biopsy

Indications and Contraindications

Percutaneous image-guided biopsy of mediastinal lesions is indicated for lesions
which are inaccessible to mediastinoscopy or transbronchial biopsy. There are sev-
eral contraindications to this procedure which are similar to those for percutaneous
lung biopsy including [2, 5, 9]:

* Increased risk of bleeding or anticoagulation therapy: platelet count <50,000/ml
and aPTT ratio or PT ratio >1.5
¢ Lack of patient cooperation

The procedure may not be contraindicated in patients with poor lung function
due to lower risk of pulmonary complications [2, 5, 9].

Image Guidance and Procedure

Percutaneous image-guided mediastinal biopsy is done under CT guidance.
Ultrasound guidance is primarily for anterior mediastinal lesions and provides real-
time feedback on needle positioning and access. Multiple approaches can be used
depending on patient factors and target lesion location including extrapleural, trans-
pulmonary, or direct mediastinal (parasternal, paravertebral, transsternal, supraster-
nal, subxiphoid) approaches. Direct mediastinal approaches utilize the extrapleural
space medial to the lungs in order to avoid lung and pleural tissue. The most com-
monly used technique is a coaxial approach utilizing a guide needle positioned near
the target lesion and advancement of the biopsy needle through the guide needle to
complete tissue collection.

Complications

Complications include [5]:

e Vascular injury

* Esophageal perforation
¢ Tracheobronchial injury
* Mediastinitis

e Chylothorax
 Pericardial rupture

¢ Pneumothorax

¢ Phrenic nerve injury

¢ Arrhythmias
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Post-procedure Imaging

Post-procedure imaging is targeted toward identifying developing complications
prior to clinical symptom development. Chest radiograph or, occasionally, CT scan
is performed immediately post-procedure and prior to discharge [2].

Percutaneous Drainage of Thoracic Fluid Collections

Image-guided percutaneous aspiration with or without drainage of fluid or air within
the thorax is considered a first-line therapy. Image guidance provides improved
safety and efficacy of the procedure over blind techniques. Fluid collections can
occur in the pleural space, pericardium, lung, or mediastinum. Pleural fluid collec-
tions include pleural effusions, empyema, hemothorax, and chylothorax (chyle
accumulating in the pleural cavity). Pulmonary fluid collections include abscesses,
pneumatocele, and bullae. Mediastinal fluid collections include abscesses, pericar-
dial effusion, and tension pneumomediastinum [2].

Indications

Indications include [2, 10]:

* Pleural effusion: small pleural effusion can be managed conservatively without
aspiration or drainage, while large, symptomatic, or malignant pleural effusions
require aspiration or drainage (Fig. 11.2).

* Empyema: requires drainage in addition to antibiotic therapy for management.
Drainage needs to occur early in order to prevent progression of empyema to
organized phase. If percutaneous drainage fails, surgical drainage and decortica-
tion are the next steps in management.

* Hemothorax: usually occurs in a posttraumatic setting and needs to be drained
using large-bore chest tubes. Fibrinolytic agent injection may be required in
addition to drainage. Depending on the source of the bleeding, arterial emboliza-
tion may be required prior to drainage.

¢ Chylothorax: low-output chylothorax can be managed conservatively using tho-
racentesis or chest tube drainage until the thoracic duct leak closes, whereas
high-output chylothorax will need surgical intervention for thoracic duct leak
closure [11].

* Abscesses: may require percutaneous drainage if medical treatment, postural
drainage, and bronchoscopic drainage are ineffective (Fig. 11.3).

* Pneumatocele and bullae: drainage is indicated in infected or tension
pneumatocele.
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Fig. 11.2 Bilateral pleural
effusions, right larger than
left (solid arrows) on chest
radiograph

Fig. 11.3 Right lower
pleural collection (solid
arrow) with air-fluid level
inside (dashed arrow) on
axial CT suggestive of
abscess

87
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* Pericardial effusion: diagnostic pericardiocentesis is indicated if origin is not
known and therapeutic pericardiocentesis may be considered for symptomatic or
large pericardial effusion [12].

* Tension pneumomediastinum: this is an emergency that requires intervention
and is primarily managed through mediastinostomy or percutaneous catheter
venting under CT guidance.

Contraindications

Contraindications include [2, 10]:

* Increased risk of bleeding or anticoagulation therapy: platelet count <50,000/ml
and aPTT ratio or PT ratio >1.5

* Uncooperative patients

 Intractable coughing or breathing

» Patients unable to tolerate procedure-induced pneumothorax

e Skin surface infection

Procedure

Percutaneous image-guided fluid drainage and aspiration is primarily done under
ultrasound or CT guidance. Ultrasound guidance is preferred for fluid collections
located peripherally in the thorax due to real-time guidance, decreased cost,
decreased radiation, and ease of use. Aspiration and drainage are primarily done
under local anesthetic with sedation in some situations [10].

Complications

Complications include [2, 10]:

* Procedure failure

* Pneumothorax—increased risk when using large-bore needles or aspirating/
draining larger quantities of fluid

* Hemorrhage—avoid subcostal approach in order to reduce risk of laceration of
intercostal vessels

* Re-expansion pulmonary edema—increased risk of occurrence when lung tissue
has been collapsed for longer duration and large amount of fluid is drained.

e Visceral injury

* Empyema or infection spread following lung abscess drainage
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Fig. 11.4 Chest radiograph of patient with a large right-sided complex collection with an air-fluid
level (solid arrow) and a pig tail catheter in appropriate position (circle)

Post-procedure Imaging and Procedural Qutcomes

Post-procedure imaging (plain chest X-ray or CT scan) is targeted toward identifying
developing complications following the procedure and assessing technical success of
the procedure (Fig. 11.4). Procedural outcome is characterized by acute and delayed
symptom improvement and reduction in fluid collection volume on imaging [2, 10].

Vascular Interventional Radiology Procedures

There are multiple interventional radiology procedures focusing on pathologies of
the thoracic vasculature. These procedures are focused primarily on the treatment of
hemoptysis, pulmonary arteriovenous malformations, pseudoaneurysms, and supe-
rior vena cava (SVC) obstruction. Common vascular thoracic interventions include
bronchial artery embolization for hemoptysis and pulmonary artery arteriovenous
malformation (AVM) embolization. Summarized here is the management for
hemoptysis using bronchial artery embolization and embolization for pulmonary
artery AVMs [2, 10].
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Hemoptysis and Bronchial Artery Embolization

Hemoptysis is defined as coughing up blood originating from the lower respiratory
tract and can be differentiated into minor (<30 mL), moderate to severe (30—
300 mL), and massive (>300 mL) based on the quantity of expectorated blood.
Patients with massive hemoptysis (>300 mL per 24 h) have high mortality primarily
due to the risk of asphyxiation and aspiration. Bleeding may originate from both
small and large lung vessels [2, 10, 13, 14].

Infectious causes of hemoptysis include abscess, chronic bronchitis, bronchiec-
tasis, pneumonia, fungal infections, and tuberculosis. Oncologic causes of hemop-
tysis include primary or metastatic pulmonary malignancy. Vascular causes of
hemoptysis include pulmonary vasculitis, arteriovenous malformations, and pulmo-
nary artery aneurysms. Ninety percent of cases of massive hemoptysis requiring
intervention originate from the bronchial arteries [15].

Pre-procedural Imaging and Diagnosis

Bronchoscopy is useful as a first-line diagnostic tool to diagnose active hemorrhage
and identify the site of bleeding. Diagnostic imaging modalities for the assessment
and characterization of hemoptysis include chest radiographs, CT and CT angiogra-
phy, and digital subtraction angiography (DSA) [2, 10, 13, 14].

Chest radiography is considered the initial method to evaluate patients with
hemoptysis and can help assess focal or diffuse involvement of lung and identify
underlying parenchymal and pleural abnormalities but has a very low sensitivity.
Bronchoscopy is more effective in localizing bleeding site in moderate to severe
hemoptysis cases compared to mild presentations [2, 10, 13, 14].

Compared to bronchoscopy, CT angiography (CTA) scans are equally effective
at characterizing site of bleeding and are further able to detect neoplasms or bron-
chiectasis that may be underlying in patients with hemoptysis. CT and CTA provide
a method to comprehensively evaluate the lung parenchyma, airways, and thoracic
vasculature as well as develop more detailed and accurate maps of the thoracic vas-
culature than DSA [2, 10, 13, 14].

DSA is indicated in cases where other diagnostic imaging techniques including
CTA have been attempted and endovascular treatment has been attempted but was
unsuccessful [2, 10, 13, 14].

Active extravasation is observed in only 10.7 % of examinations [16].
Abnormal bronchial artery diameter (>3 mm) on angiography in conjunction with
bronchoscopic findings and clinical correlation is used in addition to observed
extravasation to improve sensitivity and specific of localization of bleeding source
[16, 17].
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Contraindications

Contraindications for this procedure include general contraindications to angiogra-
phy due to the use of contrast media and angiography for intra-procedural image
guidance [2, 10, 13, 14, 17]:

* Uncorrected coagulopathy—this may be due to anticoagulation, vitamin K defi-
ciency, or medical conditions including liver disease, disseminated intravascular
coagulation, or platelet deficiency.

* Impaired renal function—the use of radiopaque contrast throughout this proce-
dure leads to risk of contrast-induced nephrotoxicity, and in particular, patient
should not be dehydrated prior to receiving contrast. Patients allergic to contrast
media should be treated with steroids and antihistamines prior to the procedure.

Procedure

* A brief neurological exam is performed prior to the commencement of the pro-
cedure in order to establish a baseline status.

* Under local anesthetic and conscious sedation, a thoracic aortogram is obtained
in order to map the bronchial and systemic non-brachial feeding arteries to the
bleeding site.

* Common femoral arterial access is the predominant technique for this procedure.

* Brachial artery access can be used in cases of difficult non-bronchial systemic
artery contributions [2, 10, 17, 19].

* A reverse-curved or forward-looking 5, 5.5, or 6 French gauge selective catheter
is guided through the common femoral artery into the thoracic aorta and the
bronchial artery.

» Using the positioned sheath, microcatheters are threaded through for selective
bronchial artery access, and to reduce the risk of nontarget embolization [18].

» Itis important to ensure placement of the catheter beyond the origin of the spinal
cord arteries to reduce the risk of spinal cord embolization.

* Embolization materials that can be used include gelatin sponges, polyvinyl alco-
hol particles 350-500 pm in diameter, and cross-linked gelatin microspheres.

Outcomes

Technical success, as characterized by complete embolization of bronchial artery on
angiography, occurs in more than 90 % of interventions (Fig. 11.5). Clinical success
post-embolization ranges from 73 to 94 % based on post-procedure symptom
assessment and clinical follow-up. Clinical failure is usually due to technically
inadequate occlusion or poor characterization of bleeding source on initial arteriog-
raphy. Rate of recurrence of hemoptysis following embolization is very high,
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Fig. 11.5 (a) Hypertrophied right bronchial artery on angiogram. (b) Microcatheter positioned
within the right bronchial artery and (c) right bronchial artery on angiogram following emboliza-
tion with angiographic embolization end point visualized

ranging from 10 to 55 % for longer-term follow-up period up to 46 months and
depends on patient factors, technical factors, and underlying etiology. Patients with
underlying infectious processes leading to hemoptysis (such as aspergillosis and
tuberculosis) are at elevated risk for recurrence of hemoptysis [2, 10, 17-19].

Complications

Patients undergoing this procedure are at risk of angiographic complications including:

* Bleeding/bruising at puncture site
* Puncture site infection

¢ Allergic reaction to contrast media
* Contrast-induced nephropathy

¢ Myocardial infarction

* Stroke

¢ Blood vessel damage

¢ Death (in rare cases)

In addition, patients undergoing this procedure are at risk of embolization com-
plications including:

* Post-embolization syndrome (pleuritic pain, fever, dysphagia and leukocytosis
lasting 5-7 days).
* Unintentional, non-target embolization.

Post-embolization syndrome, a condition characterized by pleuritic pain, fever,
dysphagia, and leukocytosis, may occur in some patients lasting for 5-7 days. It is
managed through symptom relief until resolution. Unintentional, nontarget emboli-
zation is the most frequent cause of complications in this procedure including
esophageal nontarget embolization leading to transient dysphagia (1-18 %). Chest
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pain is a common complication and may occur in 24-91 % of cases. Spinal cord
ischemia leading to transverse myelitis is a very severe complication and has been
characterized in the literature to occur in 1.4-6.5 % of cases [2, 10, 17-19].

Post-procedure Imaging

Additional diagnostic imaging (CXR or CT scan) is completed if patients develop
symptoms prior to discharge. Bronchoscopy may be required in follow-up for
symptom assessment [2, 10, 17-20].

Pulmonary Arteriovenous Malformations

Pulmonary arteriovenous malformations (AVMs) are direct connections between
pulmonary artery branches and corresponding draining pulmonary veins without
corresponding capillary beds. Some pulmonary AVMs may be composed of more
than one feeding artery and more than one draining vein, may form a plexus, and
may be separated or multichanneled. In pulmonary vasculature, AVMs are primar-
ily congenital but may be acquired secondary to liver cirrhosis, infection, trauma, or
malignancy. Approximately 70 % of pulmonary arteriovenous malformations occur
in patients with hereditary hemorrhagic telangiectasia (HHT). Pulmonary AVMs
may increase in size over time and if left untreated can lead to significant morbidity
and mortality. Pulmonary AVMs are a potential source of paradoxical emboli due to
the right to left shunt created [2, 10, 21].

Indications

Indications include [2, 10, 21]:

e Symptom management—hemoptysis or hemothorax resulting from aneurysmal
sac or vessel wall rupture, epistaxis, dyspnea, congestive heart failure, or fulmi-
nant respiratory failure

* Hypoxemia management

* Prevention of hemorrhagic and paradoxical embolization complications

* Feeding vessel larger than 3 mm in diameter

e Pulmonary AVM >2 cm in diameter

Untreated pulmonary AVMs have been associated with stroke, transient isch-
emic attacks, brain abscesses, migraine headaches, and seizures secondary to
infected and noninfected material emboli from the right to left shunt [2, 10, 21].
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Procedure

Helical CT with 3D reconstruction is used to assess the vasculature supplying the
AVM. Selective transcatheter embolization is performed on all of the feeding arter-
ies. Using a common femoral vein approach, a catheter is guided into the pulmonary
vasculature and into the AVM supplying vessels. Embolization materials used in
this procedure are primarily endoluminal coils, but previous studies have assessed
the use of detachable balloons or polyvinyl alcohol [2, 10, 21].

Outcomes

Closure rates of pulmonary AVMs have been documented as 98 % in reported litera-
ture. Successful embolization of the AVM results in resolution of the right to left
shunt. Multiple interventions are necessary in 20—40 % of cases. Major issues with
failure occur with incomplete characterization of feeding vessels and unrecognized
persistent feeding arteries. Recruitment of additional feeding arteries or recanaliza-
tion of embolized feeding arteries may lead to embolization failure [2, 10, 21].

Complications

Complications include [2, 10, 21]:

* Post-embolization syndrome

* Pulmonary infarction distal to embolization location

* Pleuritic chest pain

e Sepsis

* Retrograde pulmonary embolism

* Paradoxical embolization

* Air embolism—manifesting as angina, bradycardia, transient ischemic episodes,
and facial paresthesia

Superior Vena Cava Obstruction

Overview

SVC obstruction (also known as SVC syndrome) is an intrinsic blockage or extrin-
sic compression of the SVC leading to restriction of venous return to the right
atrium (Fig. 11.6). Symptoms related to SVC obstruction may include dyspnea,
coughing, and face, neck, upper body, or arm swelling. More severe symptoms may
include tachypnea, cyanosis, dilation of the upper body veins, mental status changes,
lethargy, syncope, and fluid collection in the arms and face. Untreated SVC
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Fig. 11.6 Superior vena cava obstruction with (a) catheter placed in the left brachiocephalic vein
and (b) downstream of the union between the left and right brachiocephalic veins proximal to the
heart

obstruction may result in death. It can be caused by extrinsic primary or metastatic
tumors or enlarged lymph nodes compressing the superior vena cava, central venous
line-related benign stenosis, and postoperative changes causing stenosis [10, 22].

Medical management of SVC obstruction is done using chemotherapy or radio-
therapy. Interventional management of SVC obstruction involves balloon angio-
plasty and stent placement. Balloon angioplasty and stent placement have become
the first-line therapy for SVC obstruction [10, 22].

Pre-procedural Imaging

CT scans of the thorax are used for preliminary imaging, assessment of malignancy
including metastases and lymph node involvement, and anatomical changes that
may be causing obstruction. After clinical diagnosis has been made, degree and
extent of obstruction is characterized using venogram at the time of the procedure.

Indications and Contraindications

Stenting has become the first-line therapy for SVC syndrome due to its immediate
onset of effect and noninterference with further treatment of thoracic malignancies.
The following must also be considered:
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» Patients who have previously received the maximum radiation dose
* Primary and secondary malignant tumors located in the mediastinum

Relative contraindications include:

* Preterminal patient status

» Extensive chronic venous thrombosis

* Endoluminal tumor growth

* Upper limb paralysis

¢ Inability to undergo fluoroscopy and DSA

Absolute contraindications include unresolvable severe cardiac or coagulation
disorders.

Outcomes

Outcome of SVC obstruction stenting and balloon angioplasty is based on post-
intervention endoluminal diameter and resolution of clinical symptoms. Overall
complete or partial symptom relief was achieved in 68—100 % of cases of SVC
obstruction due to malignancy across several studies [10]. One in-depth study
assessed rates of complete symptom response within 72 h of treatment [22]:

* 66 % of patients with headache

* 81 % of patients with jugular engorgement

* 76 % of patients with collateral venous network on DSA

* 39 % of patients with dyspnea and 100 % of patients with edema

Average patient survival after stenting was approximately 6 months [22].

Complications

The complication rates of stenting for SVC obstruction are very low but may
include:

e Stent migration

* Hemorrhagic complications after local thrombolysis
* Incomplete stent opening

e Thrombus formation

* Pulmonary embolism

e Vascular perforation

* Infection
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Chapter 12
Gastrointestinal Interventions

Prasaanthan Gopee-Ramanan

Clinical Background

The main aim of gastrointestinal (GI) intervention is to provide enteral nutritional
access in patients who are unable to safely or otherwise consume food or drink
orally (impaired PO intake) and have an increased risk of aspiration. GI interven-
tions are clinically indicated by dysphagia secondary to neurological deficits,
masses, postradiation mucositis, etc. The two main forms of percutaneous feeding
tubes are radiology-inserted gastrostomy (Fig. 12.1) and gastrojejunostomy
(Fig. 12.2).

Percutaneous endoscopic gastrostomy (PEG) was first performed in 1979 by
Gauderer and Ponsky, and the first radiologically inserted gastrostomy (RIG) was
performed by Canadian surgeon Preshaw in 1981. Meta-analysis comparing surgi-
cal gastrostomy, PEG, and RIG showed success rates of 100, 95.7, and 99.2 %,
respectively [1].

Indications/Contraindications

Indications

¢ Most common indication is dysphagia secondary to neurological deficits, with
head and neck malignancies causing dysphagia.
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Fig. 12.1 Percutaneous radiology-inserted feeding gastrostomy tube in-situ

Fig. 12.2 Percutaneous radiology-inserted feeding gastrojejunostomy
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* Mucositis and dysphagia occur secondary to radiation therapy of the head and
neck.

* For pediatric patients, enteral nutrition can serve as a supplemental feeding route
in the context of cystic fibrosis, hydrocephalus, etc.

Contraindications

Contraindications include:

* Uncontrolled/untreated coagulopathy potentiating a risk of internal hemorrhage
with INR >1.5 platelet count <50 x 10°/L.

e Immunosuppression potentiating increased risk of infection should be
considered.

* Previous surgery that has interposed colonic bowel or other anatomy, thereby
prohibiting interventional access to the stomach.

Procedure

Pre-procedure

¢ Chart review, coagulation screen, and informed consent procedures are carried out.

* A nasogastric tube (NG) is placed to allow for air dilatation of the stomach; oral
effervescent sodium bicarbonate is an alternative to NG tube placement.

* Local anesthesia or conscious sedation can be used.

* Conscious sedation usually consists of midazolam hydrochloride and fentanyl
citrate.

* Vital monitoring is then initiated (oxygen, heart rate, respiratory rate, oxygen
saturation).

Procedure

Gastropexy involves the use of 2—4 T-fasteners deployed into the stomach via an
18-gauge needle, which has a reduced risk of initial peritoneal catheterization, gas-
tric leakage, and tube migration and easier replacement of dislodged tubes, thus
resulting in fewer repeat RIGs. Skin incision is made overlying the gastric fundus
(between T-fasteners if gastropexy performed), and subcutaneous tissues are dis-
sected. The stomach is punctured with an 18-gauge needle, and a stiff guidewire is
passed through. The needle is removed, and the tract is dilated in preparation for the
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catheter—ideally 2 French sizes greater than the catheter diameter. The catheter is
advanced (with variation dependent on catheter type and radiologist preference),
and intragastric positioning is confirmed via contrast medium injection.

Post-procedure

* The patient should fast for 6 h before commencement of enteral feeding via feed-
ing gastrostomy.

* Regular flushing following feeding to prevent blockage is recommended. If
blocked, warm or carbonated water can be used to remove blockage.

Gastrojejunostomy

A gastrojejunostomy begins similar to an RIG, but the needle is angled toward the
pylorus. A torquable catheter is passed through the pylorus into the duodenum, and
a guidewire is advanced past the ligament of Treitz. The tract is then dilated, and a
14-18-French catheter is situated over the guidewire, lying in the proximal small
intestine. Contrast medium is injected to confirm positioning by fluoroscopy.

Conversion from RIG to Gastrojejunostomy

If the patient becomes more susceptible to aspiration and reflux, RIG can be con-
verted to a gastrojejunostomy. Rigid sheaths or cannulae can convert the initial RIG
angled toward the fundus of the stomach to angle toward the pylorus. If this fails, it
may be necessary to create a new tract.

Complications

Complications include:

 Peritoneal catheterization leading to peritonitis

e Infection

e Hemorrhage

* Catheter insertion into colon (splenic flexure) leading to diarrhea and gastric
bypass of nutrition

* Catheter occlusion

e Tleus
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Esophageal Stenting

Malignant obstruction of the esophagus can result from esophageal carcinoma, the
incidence of which is increasing in the Western world in the form of adenocarci-
noma of the lower third of the esophagus and cardia of the stomach. Dysphagia
resulting from extra- or intraluminal obstruction of the esophagus is a cause of sig-
nificant reduction in quality of life that can be amended via insertion of self-
expanding metallic stents (SEMS) or self-expanding plastic stents (SEPS) [2, 3].
SEMS can be inserted under endoscopic or fluoroscopic guidance under conscious
sedation (e.g., midazolam 1-5 mg) and oxygen at 2—4 L via nasal prongs.

For tumors involving the gastroesophageal junction, the patient is placed in a
prone position and left lateral position for strictures involving the proximal esopha-
gus. A 5-French catheter with a hydrophilic guidewire is passed into the esophagus
until the proximal end of the stricture. The guidewire is then removed, and a
10-15 mL of water-based contrast medium is injected via the catheter. Subsequently,
the hydrophilic guidewire is reinserted to help negotiate the stricture and allow for
further contrast media to aid in denoting the distal end of the structure. Radioopaque
marker placement on the patient’s skin can help define stricture length and location
[1]. Air insufflation of the stomach prevents the need for excess contrast media to
visualize the stomach lining or the tumor. The hydrophilic guidewire is removed
and replaced with a stiff guidewire. The catheter is then removed, and the stent
deployment unit is inserted. The stent is deployed so as to have 2 cm proximally and
distally of the proximal and distal ends of the stricture (Fig. 12.3a-b) [1].

Complications

Early complications are uncommon, but delayed complications affect a third of
patients and up to 50 % may need re-intervention [4]. Early complications can occur
in the first 2—4 weeks and include:

e Chest pain

* Fever

* Bleeding

* Gastroesophageal reflux disease (GERD)
* Globus sensation

* Perforation

e Stent migration

Delayed complications occur months after the stent placement and include:

e Tumor ingrowth
e Stent migration
* Stent occlusion
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Fig. 12.3 (a) Deployment of esophageal stent under fluoroscopy. (b) Lateral view of esophageal
stent in final position

* Development of esophageal fistulae
¢ Recurrence of strictures [5]

Stent migration is the most common complication between early and delayed
categories. Placing an overlapping second stent can rectify partial migration. Fully
migrated stents can be endoscopically or surgically removed depending on stent
type, risk of perforation, and patient symptoms [3]. The future of esophageal stent-
ing will include stents for benign disease, prevention of GERD post-procedurally,
and potential biodegradability [2, 3].

Colonic Stenting

Colonic stenting is an emergency surgery for patients with colonic obstruction,
85 % of whom have colorectal cancer, which is associated with significant morbid-
ity and mortality. Both temporary and permanent colostomies have a tremendous
impact on the quality of life. Colonic stenting can offer a simpler, durable pallia-
tive solution for patients with advanced disease in the left colon proximal to the
rectum and also be a bridging therapy to surgery [6]. Fluoroscopic-guided colonic
stenting is indicated in left-sided more than right-sided lesions. Preparation
involves performing a prior water-based contrast enema for lesion localization.
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Fig. 12.4 (a) Colonic stricture visualized. (b) Deployment of colonic stent under fluoroscopy. (¢)
Anteroposterior projection of colonic stent in final position. (d) Lateral view of colonic stent in
final position

Sedation with midazolam can be considered in high-anxiety or uncooperative
patients, but is otherwise generally unnecessary. Prophylactic antibiotics in the
form of ciprofloxacin and metronidazole can be administered at the physician’s
discretion as a single dose [6].

The patient is positioned supine or lateral decubitus. A guiding catheter is
advanced over a hydrophilic stiff guidewire thereby traversing the obstructed
segment of colon. Once the catheter is positioned proximal to the obstruction,
water-soluble contrast is again injected to assess the risk of perforation under
fluoroscopy. Surface skin radioopaque markers may be used if necessary for
localization. Size and delivery system for the stent are decided based upon anat-
omy visualized and then deployed over the guidewire (Fig. 12.4a—d). Margins of
stent coverage should be 2 cm proximal and distal to the respective ends of the
obstruction [6].
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Complications

e Minor complications include mild to moderate rectal bleeding, transient anorec-
tal pain, temporary incontinence, and fecal impaction.

* More severe complications include perforation, stent migration, and stent frac-
ture [7].
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Chapter 13
Hepatobiliary and Pancreatic Interventions

Prasaanthan Gopee-Ramanan

Liver Biopsy

Image-guided biopsy of the liver is undertaken to obtain a tissue sample for patho-
logical diagnosis of a lesion initially identified on imaging. An inaccessible lesion,
abnormal coagulopathy, or uncooperative patients are all contraindications.

Patient Preparation

Preparation of the patient consists of:

* Obtaining informed consent
» Reviewing and correcting (if necessary) coagulation status
* Ensuring fasting for at least 2 h prior

Choice of needle depends on the type of analysis required. Biopsies are usually
performed using a 18-20G core biopsy or cutting needle.

The modality of image guidance depends upon the location of the lesion, the
anatomy of interest, and established standards of care. Most commonly, ultrasound
is used.

Complications from liver biopsy include:

* Hemorrhage
e AV fistula formation
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* Infection
* Biliary sepsis

Post-procedural care depends on the:

* Nature of the patient’s condition
* Location of the biopsy

* Complications encountered

* Coagulation status

Generally, vital signs are monitored every 15 min for 1 h, every 30 min for the
next 2 h, and every 2 h after that until deemed ready for discharge. Analgesia may
be administered as needed. Most commonly, patients are advised bed rest for 23 h,
and vital signs are monitored for the same duration.

Percutaneous Biliary Drainage and Stenting

Indications and Contraindications

* Indications for percutaneous biliary drainage and stenting (Fig. 13.1) include
obstructive jaundice as a result of malignant or benign biliary stricture or treat-
ment of cholangitis with or without common bile duct (CBD) stones when ERCP
or surgery is not possible.

» Ascites is a relative contraindication.

Fig. 13.1 (a) Percutaneous transhepatic biliary drainage and stent. (b) Percutaneous transhepatic
internal\external biliary drainage
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Procedure

Prophylactic single dose of antibiotics as per local policy is given. Under fluoros-
copy or adjunct ultrasound guidance, local anesthetic is infiltrated into the liver
capsule via approaching through the intercostal space above the 10th rib at the
midaxillary line. A Chiba (22G) needle is inserted and advanced under fluoroscopy
toward the xiphisternum until it reaches the transverse process of the vertebral body.

After removing the central stylet, contrast medium is slowly injected while pull-
ing back on the needle until an intrahepatic duct is breached, and a swirling of bile
and contrast medium is visualized. Once the ductal location is confirmed, a guide
wire is advanced toward the CBD, the Chiba needle is removed and a Ness set is
introduced over the wire. A hydrophilic wire is advanced through the Ness set and
is negotiated down the CBD. A larger 68 F sheath is then inserted, injecting con-
trast medium as needed to visualize the stricture. A 5-Fr Kumpe (Cook) catheter
might be employed to negotiate the hydrophilic wire down the CBD and also across
the stricture. The hydrophilic wire is then exchanged for the Amplatz wire and then
the tract is dilated. An internal\external biliary drain or a biliary stent can then be
left in place [1].

Complications

Complications include:

* Bleeding
 Biliary peritonitis
e Sepsis [1]

Cholecystostomy Drainage

Percutaneous cholecystostomy decompresses the gallbladder under fluoroscopic
guidance and/or ultrasound guidance (Fig. 13.2). This reduces symptoms and inflam-
mation from acute cholecystitis. It is most useful in high-risk patients as a bridging
therapy to cholecystectomy [2]. The procedure is very similar to percutaneous bili-
ary drainage and stenting discussed previously. The two options for approach are
transhepatic and transperitoneal, as dictated by patient condition and anatomy. In the
case of a transhepatic approach, care must be exercised to avoid damage to the lung,
pleura, or neurovascular bundle inferior to the rib. For the transperitoneal approach,
T-fasteners may be used to further anchor the gallbladder to the wall, especially
since it is expected that decompression over time will cause some shifting of the
gallbladder and drain. The procedure is ended with a cholecystogram [2].
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Fig. 13.2 Ultrasound image showing the pigtail cholecystostomy tube (arrow) within the
gallbladder

Transarterial Chemoembolization

Clinical Background

Hepatocellular carcinoma (HCC) is the most common primary liver malignancy
and sixth most common malignancy worldwide. Key risk factors include hepatitis
B/C infection (HBV/HCYV), alcoholic liver damage, nonalcoholic steatohepatitis
(NASH), and exposure to aflatoxin B1. Current treatments for HCC available in
interventional radiology include transarterial chemoembolization (TACE), radiofre-
quency ablation (RFA), and cryoablation. Despite treatment advances, HCC 5-year
survival rates range from 12 to 15 % in the USA. The premise of TACE is to induce
ischemia of tumor bed and increase susceptibility or response to chemotherapeutic
agents, such as sorafenib.

Diagnosis

The current gold standard for HCC screening includes the HCC biomarker alpha-
fetoprotein (AFP) and ultrasonography on the basis of cost-effectiveness [3]. Levels
exceeding 400 ng/mL (normal < 10 ng/mL) have an HCC positive predictive value
of 95 % [4]. If suspicious nodules are detected, the American Association for the
Study of Liver Diseases (AASLD) recommendations are for liver nodules <1 cm on
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BCLC Staging and Treatment Schedule
HCC
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Fig. 13.3 BCLC staging and treatment schedule [8, 9]

ultrasonography to be observed ultrasonographically every 3 months until either
stability or growth of the lesion is established [5].

Classification

TNM cancer staging is widely used for prognostic purposes in patients who can
undergo surgical resection or transplantation [5-7]. The Americas Hepato-
Pancreato-Biliary Association/American Joint Committee on Cancer (AHPBA/
AJCC) 2010 consensus statement recommends use of the Barcelona Clinic Liver
Cancer (BCLC) staging system in patients with advanced liver disease who are not
surgical candidates (Fig. 13.3) [8]. Liver Imaging and Reporting Data System
(LI-RADS) seeks to standardize imaging reports by radiology for HCC diagnosis
and staging [10].

Treatment Options

Current treatments for HCC available in interventional radiology include:

¢ Transarterial chemoembolization (TACE)
* Radiofrequency ablation (RFA)
e Cryoablation
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Treatment suitability is guided through a determination of:

* TNM stage

* Barcelona Clinic Liver Cancer staging system

e Child-Pugh class

* Model for End-Stage Liver Disease (MELD) score
* Options limited more by concurrent cirrhosis

* Poor liver function than by HCC itself [11]

TACE can be used to treat patients who do not meet criteria for resection and to
serve as a bridge therapy until transplant; it is the current standard for patients with
intermediate stage HCC. TACE involves the selective catheterization of hepatic
artery branches providing blood flow to an HCC lesion and the targeted injection of
cytotoxic and procoagulant compounds. Recent comparison of TACE-RFA with
RFA alone has shown improved survival in patients with HCC tumors less than
7 cm having received TACE-RFA combination therapy [12]. Treatment allocation,
tumor size, and tumor number were significant prognostic factors for overall sur-
vival, whereas treatment allocation and tumor number were significant prognostic
factors for recurrence-free survival [12].

Contraindications

Absolute contraindications include [13, 14]:
* Decompensated cirrhosis (Child-Pugh B or higher) including:

Jaundice

Clinical encephalopathy
— Refractory ascites
Hepatorenal syndrome

» Extensive tumor with massive replacement of both lobes

» Severely reduced portal vein flow (e.g., non-tumoral portal vein occlusion or
hepatofugal blood flow)

» Technical contraindications to hepatic intra-arterial treatment (e.g., untreatable
arteriovenous fistula)

* Renal insufficiency (creatinine 2 mg/dL or creatinine clearance 30 mL/min)

Relative contraindications include [13, 14]:

e Tumor size >10 cm
* Comorbidities involving compromised organ function:

— Active cardiovascular disease
— Active lung disease

* Untreated varices at high risk of bleeding
* Bile duct occlusion or incompetent papilla due to stent or surgery
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Common Embolic Agents

Temporary agents include Gelfoam, and permanent agents include particles (e.g.,
PVA), coils, liquid agents (e.g., glue, onyx).

Treatment Outcomes

TACE is shown to improve median survival by 16-20 months [11], and use of
embolic drug-eluting beads (DEB) via TACE has improved the pharmacokinetics of
TACE and reduced systemic drug exposure [11]. DEB-TACE combination is cur-
rently being investigated [11].

Complications

Complications include:

* Access site injury
» Hepatic artery injury
e Pulmonary embolism

Imaging Required

Pre-procedure:

* Triple-phase computed tomography (CT) or magnetic resonance imaging (MRI)
of the liver
* Additional images as needed to rule out extrahepatic disease [11]

Future Procedures on Radioembolization

The subdivision of interventional oncology under interventional radiology is seeing
a greater implementation of liver-directed therapies for management of unresectable
primary and secondary liver tumors, colorectal cancers, and neuroendocrine tumors.
Treatment with radioembolization involves administering non-embolic glass or
resin microspheres containing radioactive yttrium-90. Under fluoroscopic guidance,
once access to the vasculature feeding the tumor is achieved under fluoroscopic
guidance, the microspheres are slowly injected with intermittent contrast medium
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and sterile water [15]. Although there are no randomized control trials at this time
comparing radioembolization to transarterial chemoembolization (TACE) or its
drug-eluting bead variant, comparative literature shows reduced toxicity and a trend
toward greater survival benefit with radioembolization [16]. Radioembolization is
also more suitable for patients with multiple lesions. Further work is being carried
out to look for radiofrequency ablation prior to or following radioembolization [15].
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Chapter 14
Genitourinary Interventions
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Kidney Biopsy
Indications and Contraindications

Indications for renal biopsy include:

* Renal failure

* Nephrotic syndrome

* Glomerular nephritis

» Focal renal masses as well as transplant failure

Contraindications include:

e Atrophic

* Scarred kidneys

* Heavy burden of polycystic kidney disease

» Relatively bleeding diathesis

* Hypertension

* Pyelonephritis

* Other general contraindications for any biopsy also apply
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Patient Preparation

Preparation of the patient consists of:

¢ Obtaining informed consent
» Reviewing and correcting (if necessary) coagulation status
* Ensuring fasting for at least 2 h prior

Procedure

The patient is positioned prone, and the procedure is usually guided by ultrasound and
occasionally by CT. The target area for specimen retrieval is identified to either the
upper or lower pole of the kidney. Local anesthetic is injected from the skin to the renal
capsule. Usually an 18G-core biopsy needle under ultrasound guidance is advanced
into the kidney and 2-3 biopsies are taken. Direct pressure is then applied to the needle
entry site for several minutes followed by monitoring of blood pressure.

Complications

¢ Hemorrhage is the most common complication, and in kidney biopsies, this
manifests as hematuria for up to 24 h.

¢ Severe bleeding requiring aggressive measures, including nephrectomy, may
occur in less than 1 % of cases.

¢ Other complications include infection, AV fistula formation, pneumothorax, or
injury to nearby viscera.

Post-procedural Care

Post-procedural care depends on the:

¢ Nature of the patient’s condition
¢ Location of the biopsy

* Complications encountered

* Coagulation status

Generally, vital signs are monitored every 15 min for 1 h, every 30 min for the
next 2 h, and every 2 h after that until deemed ready to discontinue. Analgesia may
be administered as needed.



14 Genitourinary Interventions 117
Percutaneous Nephrostomy Drainage

In acute obstructive uropathy, a number of etiologies can lead to impairment of ante-
grade peristalsis of the ureters enabling draining of urine from the kidneys to the blad-
der. Urine stagnation increases risk of urosepsis. Percutaneous nephrostomy drains
are useful as an emergent measure for decompression of obstructed urinary collecting
systems. Ultrasound-guided introduction of a sheathed needle is done into the most
dilated calyx (generally mid-lower pole calyx), with confirmation using contrast
media and fluoroscopy. Aspirated urine is sent for culture and sensitivity. Following
serial dilatation, a pigtail catheter is inserted into the renal pelvis and secured and a
drainage bag is attached. Mortality rate from complications is low at 0.046-0.3 % [1].

Clinical Background

Antegrade peristalsis of the ureters allows physiological drainage of the kidneys to
the bladder. Radiation changes, surgery, inflammation, and malignancy can compress
and impede this drainage by resulting in acute obstructive uropathy [2], and stagnant
urine in the collecting system can predispose to sepsis. Percutaneous nephrostomy as
treatment of hydronephrosis dates back to 1955 and is particularly useful as an emer-
gent measure for decompression of obstructed urinary collecting systems [3].

Indications/Contraindications

Indications:
e Acute obstructive uropathy
Contraindications:

* Hemodynamic instability
* Unmanaged coagulopathy

Procedure

Pre-procedure

e Chart review and coagulation screen are performed and informed consent
obtained.

e In addition, INR <1.5 and platelet count >50,000/mm? [4] are ensured, and
patients with allergies to contrast media should be premeditated as per depart-
mental protocol.
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* Ensure hemodynamic stability, which is achieved by intravenous fluids, antibiot-
ics, and vasopressors [5].

* Anesthesiology may be involved in severely septic patients to ensure hemody-
namic stability.

* Ensure the patient is NPO, and review previous imaging (ultrasound, computed
tomography, etc.) to plan the procedure and anticipate complications and avoid
damage to nearby organs.

Procedure

The patient is positioned prone on a fluoroscopy table with the procedure side clos-
est to the interventional radiologist. A small pillow or positioning wedge should be
placed to angle the patient 20-30° toward the interventional radiologist allowing for
needle trajectory along the avascular plane of Brodel [4, 6]. Following ultrasound
evaluation of the position, a wide area from the lower thorax to the iliac crest is
prepared with chlorhexidine solution and draped. Local anesthesia is given using
10 mL of 1 % lidocaine.

Ultrasound-guided introduction of a sheathed needle (Chiba needle) is done into
the most dilated calyx, ideally below the 12th rib to avoid complications such as
pneumothorax or empyema [6]. Confirming needle placement in the calyx, the inner
stylet is removed and urine is aspirated into a syringe to send off for culture and
sensitivity (if urosepsis is known).

Following the initial decompression of the collecting system, a 1:1 diluted water-
soluble contrast medium is injected into the renal pelvis under fluoroscopy.
Following the insertion of a guide wire into the collecting system, the needle is
removed and the Ness set is introduced over the wire. The tract is serially dilated
using 6 F and 8 F dilators for 8 F drainage catheters; 10 F or 12 F dilators may be
considered for 10-12 F drainage catheters when there is thick pus [4, 6]. Pigtail tip
positioning of the catheter is confirmed via contrast administration under fluoros-
copy. The catheter is then secured and a drainage bag attached.

Post-procedure

» Following the procedure, monitor vital signs and maintain the patient on antibi-
otics as appropriate.

* During post-procedure days 1 and 2, monitor vitals, WBC, nephrostomy tube
output volume, and urinary output and check culture results. Tube patency can be
maintained via flushing using 10 mL of normal saline.

* Hemorrhage and hematoma within the collecting system do not require any spe-
cial management of the tube [6]. If significant hemorrhagic output is noted, then
catheter injection with contrast medium can be performed to assess for renal
vasculature involvement or pseudoaneurysm formation.
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Complications

Mortality rates from complications are low at 0.046-0.3 % [1].

* Hematuria is transiently expected and will resolve in 48—72 h. Larger clots in the
collecting system may be broken down by urokinase in urine, but hematocrit
vital signs should be monitored in the days following the procedure.

* Untreated bacterial sepsis upon decompression of the vascular bed can occur in
2.5 % of cases, even occurring 10 times more in patients with pyelonephritis [6].
Sepsis post-procedure is avoided by administering antibiotic prophylaxis,
decompression of the collecting system prior to contrast medium injection, slow
injection of contrast medium, and selective or minimal manipulation of guide
wires; careful post-procedural monitoring is key.

e Other complications that may occur are injury to the liver, spleen, pleura, or
colon during needle insertion.

Ureteral Stenting

Antegrade percutaneous internal/external nephroureteral (PCNU) stents allow both
internal and external drainage of urine from the renal pelvis (Figs. 14.1 and 14.2).
Externally, the drain segment can be connected to gravity drainage if there is an
obstruction preventing internal drainage of urine to the bladder. Otherwise, this
external segment can be capped but left in place, thereby allowing internal filling of
the ureter and urinary bladder, but leaving in place an option for flushing of the stent
or reversion to external gravity drainage if needed [7]. Indications for PCNU place-
ment include benign or malignant obstructions, in conjunction with extracorporeal
shock wave lithotripsy (ESWL), and maintenance of ureteral patency while allow-
ing for postoperative healing (thereby preventing stricture formation) [8].

Procedure

The procedure begins with a nephrostogram. Depending on the pathology, a deci-
sion can be made to initially place a percutaneous nephrostomy allowing for decom-
pression. This can then be converted to a PCNU.

Under conscious sedation and following administration of a single dose of anti-
biotics, the patient is positioned prone and access to the kidney is gained via the
avascular plane of Brodel as for percutaneous nephrostomy. A standard guide wire
is inserted anterograde into the renal pelvis and then the ureter, and a catheter is
passed over it. A water-soluble contrast can be used with fluoroscopy to confirm.
Then the guide wire is exchanged for a hydrophilic one and the obstruction is nego-
tiated. Confirming with contrast that the distal catheter tip has reached past the



Fig. 14.1 Bilateral ureteral
stents

Fig. 14.2 Renal transplant
nephroureterostomy
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ureterovesicular junction (UVJ), the hydrophilic guide wire is again replaced with
the stiff one and the stent system is deployed. A balloon dilator may be used in the
case of a difficult obstruction. Once the stent is in place, adequate drainage is con-
firmed via contrast injection under fluoroscopy. If there is bleeding noted and a clot
has formed in the drainage system during the procedure, a nephrostomy tube may
need to be left in place for 2448 h.

Complications

Common complications include:

e Irritative bladder symptoms

e Loin pain

* Infections

* Hematuria

e Migration, or decreased efficacy

Uncommon complications include:

e Stent fracture or ureteral erosion [7, 8]

Suprapubic Catheter Insertion

Suprapubic catheterization, also referred to as suprapubic cystostomy, is indicated
whenever there is urinary obstruction, but a transurethral catheter is contraindicated
(e.g., urethral disruption) or technically unfeasible. The bladder should be distended
for safe access (an undistended bladder has the risk of transperitoneal access and
bowel injury).

Procedure

The patient is positioned supine. Following local anesthetic infiltration, a 20G spi-
nal needle is advanced suprapubically. An 18 or 19G sheath needle is inserted under
ultrasound guidance and a superstiff catheter is passed intraluminally into the blad-
der. Once a sufficient amount of guide wire is curled within the urinary bladder,
serial dilation of the tract is carried out. A peel-away sheath 2 F larger than the final
Foley or pigtail drainage catheter to be used is then inserted into the tract. Once the
Foley or pigtail drainage catheter is inserted, the balloon is distended with 7-10 mL
of sterile water and the peel-away sheath is removed.
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Complications

Complications include:

* Hematuria

» Skin infections

* Bowel perforations or visceral organ damage
* Recurrent urinary tract infections

Renal Artery Angioplasty and Stenting

Renal artery stenosis (RAS) is the most common cause of secondary hypertension,
with over 90 % of cases being caused by atherosclerosis and the rest mainly by
fibromuscular dysplasia (FMD) [12]. Percutaneous angioplasty and stenting are an
option for management of renal artery stenosis, with excellent results shown to
reduce systemic hypertension and preserve renal function (Figs. 14.3 and 14.4). The
location of this disease renders it less well treated by balloon angioplasty alone;
thus, balloon expandable stenting is preferred [13].

Contraindications include branch vessel disease, kidney size smaller than 7 cm,
uncooperative patients, stenoses longer than 2 cm, and intrarenal vascular disease
[13]. Generally, technical success rates are 80-99 % [14]. Complications include
renal artery dissection, transection, thrombosis, and embolization [13]. Although
small retrospective studies have shown some modest benefit of renal artery angio-
plasty and stenting for patients, there is a lack of strong evidence supporting revas-
cularization of RAS versus medical management based on published randomized
control trials thus far [15, 16].

The Cardiovascular Outcomes in Renal Atherosclerotic Lesions (CORAL) trial is
the most recent to investigate the role for endovascular versus medical management
for RAS: it essentially concluded that renal artery stenting in people with RAS offers
no advantages over best medical therapy in reducing hard clinical events. This is in
keeping with American College of Cardiology and American Heart Association
guidelines recommending renal artery stenting as a reasonable option for patients
with one of the following: an atherosclerotic severe renal artery stenosis (greater
than 70 % angiographic diameter renal artery stenosis or 50-70 % stenosis with
hemodynamic confirmation of lesion severity) associated with (1) resistant or uncon-
trolled hypertension and the failure of three antihypertensive drugs, one of which is
a diuretic agent, and (2) hypertension and intolerance to medication [17, 18].

Prostatic Artery Embolization

Prostatic artery embolization (PAE) for benign prostatic hypertrophy (BPH) as a
primary alternative to the “gold standard” of transurethral resection of the prostate
(TURP) is beginning to show promise [9, 10]. Selection of patients and technical



14 Genitourinary Interventions 123

Fig. 14.3 (a) CT angiogram
showing left renal artery
stenosis. (b) Angiogram
showing bilateral renal artery
stenosis

proficiency are seen to be key in outcome analysis [9]. In particular, due to the
complexity of prostatic vascular anatomy and the burden from atherosclerosis, thin
arteries, and comorbidities in elderly patients, experienced interventional radiolo-
gists must carry out the procedure preferably [9]. A single dose of ciprofloxacin is
administered prior to the procedure followed by a 7-day course of the same.

A Foley balloon containing a mixture of iodinate contrast medium and normal
saline allows for better visualization of the prostate and surrounding vessels so as to
avoid collateral procedural damage. The key arteries feeding the prostate are first
localized by angiography. Generally, the inferior vesicular artery is catheterized
using the road map technique with contrast medium under fluoroscopy. The embolic
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Fig. 14.4 (a) Post-
angioplasty and stenting of
left renal artery stenosis.
(b) Angiogram showing
stented right renal artery
stenosis

agents of choice are then mixed with normal saline and iodinate contrast media and
injected at a slow rate under fluoroscopy. Embolization may take 10-15 min.
Depending on the nature of the anatomy encountered, a follow-up angiogram may
be warranted once stasis is confirmed to look for any collateral supply. Generally,
there are no significant side effects. Clinical success is reflected on the improvement
of lower urinary tract symptoms over time [9, 10].

Evidence also supports offering PAE to prostate cancer patients symptomatic of
bleeding earlier on in their management, prior to palliative radiation therapy in
patients with advanced disease. Further research is being carried out to elucidate the
role of placebo versus true benefit from PAE for BPH and establishment of safety
and effectiveness studies prior to a randomized control study [11].
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Chapter 15
Dialysis Access

Lazar Milovanovic

Introduction

The development and maintenance of a functional hemodialysis access is an important
component of the care of patients with end-stage renal disease (ESRD), acute renal
failure, or other conditions requiring dialysis. In order to ensure effective hemodi-
alysis treatment, patients require an access point by which blood can be removed
and returned to the body at a high rate. Patients with acute causes of renal failure
requiring immediate and short-term dialysis will often receive double-lumen tun-
neled venous dialysis catheters. Venous dialysis catheters are not to be used for
long-term dialysis therapy due to the risks of occlusion, infection, and venous ste-
nosis. Patients with long-term dialysis needs benefit from arteriovenous fistula
(AVF) formation or arteriovenous graft (AVG) placement. Interventional radiolo-
gists (IR) serve an important role in the placement of tunneled venous catheters and
in the care and maintenance of AVF and AVG dialysis access points.

Background

The selection of hemodialysis access method to be used in a particular patient is
dependent on many factors including the indication for dialysis, the urgency of dial-
ysis treatment, the patient’s medical conditions, and the physician’s clinical assess-
ment. Assessment of dialysis access dysfunction should be done on a regular basis
through clinical examination and ultrasound as well as functionality during dialysis
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procedures. Reduced flow rates or signs of dysfunction should be referred to IR for
fistulograms to characterize the dialysis access.

Frequent complications of hemodialysis access may include failure to mature
(AVF), venous stenosis, infections, and stent, graft, or vascular thrombosis. There are
many percutaneous interventions for dialysis access repair including balloon angio-
plasty, pharmacologic thrombolysis, and mechanical thrombectomy. These interven-
tions increase the life span of dialysis access and improve patient quality of life.

Important Definitions

There are several important definitions utilized by health-care professionals in order
to effectively characterize dialysis access patency, complications, and interventions.
These definitions are presented below and are based on the 2003 SIR guidelines for
percutaneous management of dysfunctional dialysis access including arteriovenous
fistulas and synthetic grafts [1]:

*  Thrombosed dialysis access: an AVF or AVG that is being occluded by a throm-
bus preventing blood flow. It is diagnosed primarily by physical and ultrasound
examination.

* Dysfunctional dialysis access: (1) an AVF or AVG with functionally significant
stenosis, (2) a native fistula (AVF) that has not matured within the time period
expected, or (3) a dialysis access that cannot be accessed in order to successfully
initiate and complete dialysis.

* Functionally significant stenosis: a decrease of more than 50 % in vessel diam-
eter of the anastomosed venous drainage system or the graft in addition to abnor-
malities on hemodynamic or clinical assessment characterized by abnormal
recirculation values, elevated venous pressures, reduced blood flow measured,
swollen extremity, reduction in dialysis adequacy as measured by the Kt/V equa-
tion, or clinical signs including prolonged bleeding post-needle withdrawal or
alterations in the palpable characteristic thrill of the graft.

* Percutaneous management of thrombosed/dysfunctional dialysis access: an
intervention using endovascular techniques in order to maintain or repair dialysis
access and ensure sufficient blood flow for dialysis to continue. These interven-
tion techniques are only used in dialysis accesses that have hemodynamic or
clinical abnormality in addition to anatomical stenosis.

* Percutaneous thrombus removal: a procedure to remove a thrombus located
within the inflow arteries, the graft, or the outflow veins that is occluding dialysis
access and may involve pharmacologic thrombolysis and suction, balloon angio-
plasty, or mechanical thrombectomy.

* Percutaneous treatment of stenosis: a procedure in which normal luminal diam-
eter is restored leading to recovered function of the dialysis access.

* Anatomic success of treated stenosis: an improvement in luminal diameter such
that the remaining stenosis is less than or equal to 30 % of the original diameter.
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* Clinical success of treated stenosis or thrombosis: the ability to resume normal
dialysis for at least one session. Characterization of clinical success can be done
in multiple ways including the presence of a continuous palpable thrill without
pulsation at the area of the arterial anastomosis.

* Hemodynamic success: an improvement and recovery of hemodynamic param-
eters from reduced values during dialysis access dysfunction. One measure of
hemodynamic success is venous dialysis pressures below specific thresholds
(there are no consensus values).

* Procedural success: an anatomical success along with clinical success or
improvement in one or more hemodynamic/clinical indicators.

Arteriovenous Fistula

Overview

Arteriovenous fistulas (AVF) for dialysis access are artificially created connections
between arteries and veins without corresponding capillary beds. The first report of
surgical AVF creation for dialysis access was published by Brescia and Cimino
et al. [2]. The procedure is performed primarily by vascular surgeons—frequently
as an outpatient procedure. Once the fistula is created, it must mature prior to being
used for dialysis. Maturation is the process where the high rate of blood flow from
the artery through the vein causes dilation and wall thickening of the vein, creating
a location for dialysis needle insertion where blood can be removed from and
returned to the body at a rapid rate. There are many different possible locations for
AVF creation including the forearm, upper arm, and thigh. Unlike catheters and
AVG, AVF do not use any artificial material, reducing risk of infection.

AVF maturation usually takes 6—8 weeks, but may take up to 6 months or even a
year in patients, and depends on multiple factors including anatomical location,
vessel quality, and collateral flow as well as patient factors including female gender,
diabetes, and peripheral vascular disease. The preferred waiting period is 3—4 months
after fistula formation [1]. The criteria for adequate AVF dialysis access based on
the National Kidney Foundation Kidney Disease Outcomes Quality Initiative (NKF
KDOQI) guidelines are presented in Table 15.1 [3].

Table 15.1 Criteria for adequate AV fistula maturation for dialysis
access based on the National Kidney Foundation Kidney Disease
Outcomes Quality Initiative (NKF KDOQI) guidelines [3]

Criteria for adequate AVF

AVF resides within 0.6 cm of skin surface

AVF has flow of >600 mL/min

AVF has diameter of >0.6 cm

Maturation in less than 6 weeks
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AVF Locations

» Forearm fistulas can be created by connecting radial artery and cephalic vein.

* Alternative forearm AVF can include brachial artery-cephalic vein fistulas and
brachial artery-basilic vein fistulas.

* Lower extremity: femoral artery-saphenous vein fistula

Graft Implantation

Overview

Arteriovenous grafts (AVG) are artificially created connections between the arteries
and veins bypassing the capillary bed using a device (graft or synthetic tube) that is
implanted under the skin at the site of the planned dialysis access. The implanted
graft is used as the site for needle placement and access during hemodialysis. Unlike
AVF, AVG do not need to mature; therefore, the delay between placement and first
use is usually significantly shorter—often around 2-3 weeks. The procedure for
graft placement is performed primarily by vascular surgeons, frequently as an out-
patient procedure. The most common type of graft used is a polytetrafluoroethylene
(PTFE) graft. AVG are primarily placed in patients who are unable to undergo AVF
formation due to anatomical issues, peripheral vascular disease, or other medical
comorbidities. Arteriovenous grafts have higher risk of infection than AVF due to
the synthetic material used in the graft.

AVG Type and Location

¢ Forearm: radial artery-basilic vein graft

¢ Forearm: brachial artery-basilic vein graft

» Upper arm: brachial artery-axillary vein graft
¢ Thigh: femoral artery-femoral vein graft

AVF Versus AVG

There are several key differences between AVF and AVG that need to be considered
when selecting the ideal permanent dialysis access type for a particular patient:

¢ AVF are made entirely of native materials and require high-quality vessels in
close proximity to each other that can be anastomosed.

* AVF may be less effective than AVG in patients with peripheral vascular disease
or veins with large collateral networks reducing direct flow.
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* AVF have significantly longer maturation time (6—8 weeks up to multiple months
or a year) compared to AVG (2-3 weeks).

* AVG have increased risk of thrombosis and infection relative to AVF.

e Current NKF KDOQI clinical practice guidelines have established a recom-
mended sequence of dialysis access types and anatomic locations and have sug-
gested that forearm and upper arm AVF are preferred in ascending anatomical
position from wrist to elbow, followed by synthetic grafts (AVG) placed in the
forearm or upper arm.

Outcomes and Complications with AVF and AVG [1, 4]

Dialysis access dysfunction can be characterized by the type of failure and compli-
cations occurring. Clinical examination of AVG includes visual inspection of the
area for bleeding, bruising, extremity swelling, or signs of infection including fever,
local erythema, swelling, drainage, or tenderness.

The dialysis access site should be palpated for thrills and pulsations as well as
overall dialysis access characterization of diameter and compressibility. Thrills are
common in mature well-functioning AVG over the arterial anastomosis, while pul-
satility is usually an indicator of occlusion; changes in thrill or pulsatility may also
indicate dialysis access dysfunction.

An understanding of the causes of different types of failure helps identify the
type of intervention required in order to maintain effective dialysis access. A sum-
mary of the types of dialysis access failure and their common causes is listed in
Table 15.2. Dialysis access failure may result from one or more of these causes and
in some cases has a multifactorial etiology.

Common complications of AVF and AVG dialysis accesses include infection,
thrombosis, stenosis (possible arterial, graft, venous, or central locations), pseudoa-
neurysm (AVG), aneurysm (AVF), non-maturation (AVF), and ischemia. Non-
maturation has been reported to occur in 25-30 % of all AVF created [5].

Fistulograms and Assessment of Access Function

Dialysis accesses should be assessed regularly by clinicians for indicators of dys-
function. Any changes to clinical exam findings, hemodynamic variables, or
increased suspicion of dialysis access dysfunction between visits should be followed
up with further investigation including fistulograms or duplex ultrasonography of
dialysis access [1]:

* Fistulogram: (diagnostic angiogram/venogram) involves the use of fluoroscopic
tools for visualization of the dialysis access from proximal arterial component
through anastomosis or prosthetic graft and into venous collecting system.
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Table 15.2 Dialysis access failure type, definition, and cause, based on the SIR dysfunctional
access guidelines [1]

Failure

Anatomic

Physiologic

Definition

Failure due to anatomic
structure variability around the
dialysis access site, in
particular arterial and venous
abnormalities

Failure (due to thrombosis)
resulting from processes which
are biological, chemical, or
mechanical in nature and have
no discernible anatomical cause

Causes of failure

1.

Venous or intragraft stenosis within
synthetic grafts

Venous drainage system or anastomotic site
stenosis of native fistula access

Central venous stenosis

Intragraft stenosis or stenosis of the
matured hypertrophied venous segment of
the AVF

Excess collateral venous drainage
preventing AVF maturation

Arterial stenosis proximal to dialysis access
Compression from extrinsic sources
causing dialysis dysfunction

. Hypercoagulable state leading to stenosis

and dialysis access occlusion
Low cardiac output states reducing rate of
flow through dialysis access

Depending on the type of dysfunction, further proximal arterial system or central
venous imaging may be required (Fig. 15.1).

e Duplex ultrasonography: the use of color Doppler ultrasound to image the flow
within a dialysis access and characterize the patency as well as any changes

observed on clinical exam.

Dialysis Access Patency

Interventional radiologists play an important role in the management of dialysis
access dysfunction and patency issues using percutaneous procedures. An outline of
the different definitions used to define patency based on interventions required and
complications resulting based on the SIR guidelines [1] is presented in Table 15.3.
Understanding patency definitions for dialysis accesses is important for the assess-
ment of long-term effectiveness of dialysis access and the benefits of intervention.

Indications for interventions include [1]:

1.

(O8]

Dialysis access stenosis of >50 % luminal diameter with clinical signs of

dysfunction

compromised

. Central vein stenosis of >50 % luminal diameter and graft hemodynamically

Non-maturing AVF after extended period of time
Thrombosis of dialysis access leading to access dysfunction
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Fig. 15.1 (a) Fistulogram of radiocephalic fistula (circle) with functionally significant stenosis
(solid arrow). (b) Fistulogram of radiocephalic fistula with satisfactory angiographic result follow-
ing balloon angioplasty of functionally significant stenosis

Table 15.3 Definitions of patency based on the SIR dysfunctional access management guidelines [1]

Patency type Definition

Primary The period during which the dialysis access remains patent without
intervention prior to thrombosis or stenosis event occurring and
re-intervention is required. Re-intervention of any region within the
access circuit ends the primary patency period

Assisted primary The period during which dialysis access remains patent and patency is
maintained through interventions until the dialysis access becomes
thrombosed and thrombolysis or thrombectomy is required

Secondary The period from dialysis access creation until surgical declotting, revision
of access, or abandonment of access

Cumulative The total period during which the access remains patent, including all
primary interventions, thrombectomy and thrombolysis procedures
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Interventions

Percutaneous Transluminal Angioplasty

Percutaneous transluminal angioplasty (PTA) is indicated as first-line treatment for
dialysis access and central venous stenosis [1, 6]. PTA may be used in non-maturing
fistulas on the anastomosis site in order to increase inflow to the maturing arteriove-
nous connection. PTA involves puncturing the dialysis access site and deploying a
6—8 mm balloon in order to dilate the lumen and remove the stenosis. The balloon
is inflated and remains in place for 30 s and then is deflated. The dialysis access and
surrounding vessels are imaged under fluoroscopy to evaluate the stenosis and
determine whether additional intervention is needed. Contraindications include:

» Absolute contraindications—access site infection
e Relative contraindications—contrast allergy, severe metabolic dysfunction
requiring immediate dialysis

PTA can also be used after thrombectomy or thrombolysis to treat underlying
stenosis in patients with thrombosed dialysis access. Studies have suggested that
treatment of significant stenosis will reduce rates of dialysis access thrombosis and
improve patency rates (Table 15.4) [7-21].

Endoluminal Stent Placement

Endoluminal stent placement is indicated as first-line treatment for pseudoaneu-
rysms, venous rupture resulting from PTA, and surgically inaccessible veins with
stenosis (Table 15.5) [1, 4, 6, 22-27]. Stents may be deployed after PTA for [1]:

¢ Peripheral stenosis with failed balloon angioplasty, difficult surgical access, or
contraindication to surgery.

* Central venous stenosis with failed balloon angioplasty or recurred within 3
months of successful PTA.

Table 15.4 Success and patency rates reported in the literature for AVF and AVG following PTA

[7-20]
Access type Reported rates (%)

Clinical success AVF 86-100

Clinical success AVG 85-100

6-month primary patency AVF 25-95

6-month primary patency AVG 31-61

12-month primary patency AVF 34-62

12-month primary patency AVG 20-41

12-month secondary patency AVF 67-86
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Table 15.5 Success and patency rates reported in the literature for AVF and AVG following stent
placement [4, 22-27]

Access type Reported rates (%)
Clinical success AVF 92-100
Clinical success AVG 88-100
6-month primary patency AVF 39-94
6-month primary patency AVG 11-87
12-month primary patency AVF 31-94
12-month primary patency AVG 19-61
12-month secondary patency AVF 82-94
12-month secondary patency AVG 48-100

e Post-PTA outflow vein rupture.
* Note: stents should not be deployed at the access sites.

The procedure for endoluminal stent placement involves obtaining endovascular
access, characterizing the dialysis access vasculature under fluoroscopy, and
deploying a stent after balloon inflation at the site of stenosis. Common stents used
include bare metal stents (BMS), polytetrafluoroethylene (PTFE) grafts, and heparin-
coated stents.

Contraindications include:

* Absolute contraindications—access site infection
» Relative contraindications—contrast allergy, severe metabolic dysfunction
requiring immediate dialysis

Chemical (Pharmacologic) Thrombolysis and Mechanical
Thrombectomy

Thrombosis with or without associated vessel stenosis is a common cause of dialy-
sis access dysfunction in both AVF and AVG accesses [21, 28, 29]. Management of
thrombosed dialysis accesses may include pharmacologic thrombolysis, where
urokinase, reteplase (r-PA recombinant plasminogen activator), or alteplase (rt-PA
recombinant tissue plasminogen activator) is injected locally in the thrombosed
dialysis access, or mechanical thrombectomy whereby mechanical devices are
used endovascularly or through open surgical procedures and the clot is removed
(Fig. 15.2).
Contraindications for pharmacologic thrombolysis include:

e Recent surgery

* Gastrointestinal hemorrhage or increased risk of bleeding
» Patients with hemoptysis

 Patients with intracranial tumors
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Fig. 15.2 (a) 5 French Arrow-Trerotola™ percutaneous thrombolytic device (PTD). (b) 7
French over-the-wire Arrow-Trerotola™ PTD for thrombectomy. Reprinted with permission of
Teleflex Inc.

Table 15.6 Success and patency rates reported in the literature for AVF and AVG following
thrombolysis and thrombectomy [30-39]

Access type Reported rates (%)
Clinical success AVF 55-100
Clinical success AVG 53-100
6-month primary patency AVF 20-80
6-month primary patency AVG 28-72
12-month primary patency AVF 19-58
12-month primary patency AVG 17-58
12-month secondary patency AVF 74-92
12-month secondary patency AVG 35-96

In addition, some centers utilize a combined pharmacomechanical thrombectomy
approach, whereby devices that can macerate clots are used in addition to local
urokinase or tPA injection. Patency rates following thrombolysis and thrombectomy
reported in the literature are outlined in Table 15.6 [30-39].

Collateral Vessel Embolization

One of the causes of non-maturing arteriovenous fistulas is an extensive collateral
venous collection and drainage system, which reduces the pressure load on the anas-
tomotic vein reducing the rate of fistula maturation. Interventions for non-maturing
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arteriovenous fistulas include PTA of the anastomosis to increase venous inflow and
collateral vessel embolization to increase venous pressure. Collateral vessels may be
managed through surgical ligation or endovascular embolization [5].

The procedure for collateral vessel embolization involves a clinical assessment
of the dialysis access area and characterization of the target vein as well as collateral
vasculature, after which a catheter is threaded through the dialysis access and placed
in the collateral veins, where embolization material (usually coils) is deployed until
vessels are occluded [5].

Summary

Currently, arteriovenous fistulas are indicated as first-line treatment for permanent
dialysis access creation due to reduced rates of complications; however, AVG are
indicated in patients with shorter life expectancy requiring immediate dialysis or
currently undergoing dialysis through a central catheter.

Interventional radiologists play an important role in the objective assessment of
dialysis access function through the use of fistulograms and in the maintenance of
functional dialysis accesses through percutaneous interventional procedures.

The evolution of dialysis access interventional procedures has extended the life
span of permanent dialysis accesses and improved outcomes for patients undergo-
ing hemodialysis, reducing the need for creation of alternative dialysis access sites.

Current procedures including PTA, stent placement, and pharmacologic or
mechanical thrombolysis help maintain dialysis access patency. Percutaneous and
endovascular interventions are first-line treatment for maintenance of access patency
due to low morbidity and comparable outcomes to surgical revision and intervention.
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Chapter 16
Interventional Radiology in Women’s Health

Lazar Milovanovic

Introduction

The emergence of interventional radiology procedures has provided significant
benefit to the management of certain obstetrical and gynecologic patients. Using
percutaneous minimally invasive techniques, interventional radiologists are able to
reduce patient discomfort and surgical morbidity as well as perform procedures
under sedation instead of general anesthesia.

Interventional radiology procedures focus on treatment of uterine leiomyomas,
postpartum hemorrhage, placenta accreta, pelvic congestion syndrome and the
placement of inferior vena cava filters in pregnancy. In addition, interventional radi-
ologists manage several nonvascular pathologies including fallopian tube recanali-
zation, drainage of pelvic abscesses, and fluid collections and image-guided biopsy
of ovarian or adnexal lesions. Major challenges with obstetric procedures include
the need to minimize patient and fetal radiation dose and the desire to maintain
future fertility.

This chapter will provide an introduction to the obstetric and gynecologic proce-
dures used for intervention in their pathologies listed above as well as fallopian tube
recanalization. Drainage of pelvic abscesses and fluid collections as well as image-
guided biopsy of pelvic lesions is discussed broadly in the biopsy and drainage
chapter of this book.
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Uterine Leiomyoma (Fibroid) Embolization (UFE)

The primary method of management of uterine leiomyoma was hysterectomy or myo-
mectomy or medical measures prior to the development of uterine fibroid emboliza-
tion (UFE) as an interventional procedure. UFE was first performed by Jean Jacques
Merland and colleagues in 1989 with subsequent publication of results in 1995 [1].

Definitions

e Leiomyoma: benign tumor of smooth muscle containing fibrous connective tis-
sue also referred to as a “fibroid” or a “myoma.”

* Embolization: the obstruction or occlusion of a vessel through the infusion of an
embolic agent resulting in reduced blood flow distal to the embolized area.

* Submucosal leiomyoma: located beneath the mucosal lining and may protrude or
be adjacent to uterine cavity.

* Subserosal leiomyoma: located under the uterine serosa—does not protrude into
uterine cavity but may alter shape of outer surface of uterus.

* Pedunculated leiomyoma: having a stalk by which the leiomyoma is attached to
the uterus.

Epidemiology

Uterine leiomyomas are the most common benign tumor of the female genitouri-
nary tract [2]. Studies report that 25 % of women of reproductive age are affected
by uterine leiomyomas with Afro-Caribbean populations experiencing higher prev-
alence and disease burden [2]. Reported prevalence of uterine leiomyomas is greater
than 80 % in African-American women and 70 % in white women by the age of 50
[3]. Proportion of leiomyomas that are symptomatic ranges from 20 to 50 % [2], and
common presenting symptoms include pelvic pain, urinary or bowel obstruction,
infertility, and miscarriage [4, 5].

Indications/Contraindications

UFE is an elective procedure performed on premenopausal women with confirmed
uterine leiomyoma who have undergone tests to rule out other pathologies such as
endometrial carcinoma [1]. The primary aim for intervention in patients with uter-
ine leiomyoma is quality of life improvement and symptom relief [4]. Pedunculated
subserosal fibroids are a relative contraindication for UFE and are primarily man-
aged through hysterectomy or myomectomy due to the high risk of complications [4].
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UFE is not usually performed in postmenopausal women since uterine fibroids
generally decrease in size or regress without intervention after menopause. This is
attributed to the hormone dependence of these fibroids [6].

Patients who are considering future pregnancy should be counseled appropri-
ately as there is insufficient current data for prospective studies evaluating concep-
tion in women post-UFE [4]. Myomectomy is currently the standard of care over
UFE for patients with plans to conceive in the future [7].

Absolute contraindications for UFE are viable pregnancy, active infection, and
suspected malignancy in the uterus, cervix, or the ovaries and fallopian tubes [7].

Pre-procedure Patient Work-Up

The pre-procedure patient work-up includes the use of laboratory tests and diagnos-
tic imaging in order to assess patients for preexisting conditions and fully character-
ize the uterine fibroid prior to intervention (Fig. 16.1).

Laboratory Tests

» Complete blood count (CBC): allows interventional radiologist to screen patient
for anemia and thrombocytopenia.

* Coagulation studies: coagulation studies are indicated in patients with history of
liver disease or anticoagulant therapy or high index of suspicion, but are not
required for all patients undergoing UFE.

Fig. 16.1 (a) Large myometrial fibroid before uterine artery embolization. (b) 9-month post-
uterine artery embolization showing significant decrease in fibroid size and complete avascular
necrosis
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Diagnostic Imaging

In general, the goal of diagnostic imaging in the pre-procedure setting is to confirm the
diagnosis of fibroids, then assess characteristics of these fibroids including the size, loca-
tion, and number of fibroids. Imaging is also used to assess the patient’s pelvic vascula-
ture including the specific blood fibroid blood supply and to detect any other pathologies
that may be present and need to be ruled out, such as endometrial mass and adenomyosis.
The main diagnostic imaging modalities used in the pre-procedure settings are pelvic
ultrasound (USS) and contrast-enhanced magnetic resonance (MR) imaging.

Pelvic Ultrasound

USS is a readily available, low-cost, minimally invasive option for pre-procedure
diagnostic imaging assessment. It is operator-dependent and provides inferior ana-
tomical characterization relative to MRI. It is not effective for detection of adeno-
myosis or assessment of pelvic and fibroid vascularity.

Contrast-Enhanced MRI

MRI is expensive and is not available widely. Contrast-enhanced MRI offers more
accurate and precise determination of fibroid characteristics compared to USS. It is
an effective diagnostic imaging modality for detecting adenomyosis and character-
izing pelvic anatomy. Gadolinium contrast is used to enhance vasculature. MRI can
be used to determine tissue perfusion and assess fibroid infarction pre- and
post-embolization.

Magnetic resonance angiography (MRA) is used for treatment planning in
patients in order to assess the anatomical vasculature and determine interventional
approach. Patients identified to have ovarian artery supply to their uterine fibroid(s)
on MR angiography have a higher risk of treatment failure [8]. Assessment of blood
supply can be an important predictor of treatment success: fibroids with high signal
in T1-weighted images have been shown to have worse prognosis after UFE, while
high signal in T2-weighted images prior to treatment has been shown to improve
prognosis after UFE [9].

Pretreatment Patient Information

Prior to the procedure, it is a standard practice to bring the patient in for an initial
clinical consult to go over the procedure, expectations, complications, and alterna-
tives. The initial clinical consult serves as a forum to outline periprocedural medica-
tion and pain relief as well as symptoms of post-embolization syndrome. Finally, it
provides the interventional radiologist an opportunity to go over the follow-up
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procedure with the patient and ensure that a plan has been made for the post-procedure
clinical management and future follow-up.

Procedure Overview

Vascular Access

The patient is prepared and draped in a sterile fashion and placed under conscious
sedation for the procedure [10]. Catheterization is usually initiated unilaterally or
bilaterally through the common femoral arteries under fluoroscopic guidance [4].
Bilateral femoral arterial access is only utilized in some centers and may require
two operators. It has been suggested that the bilateral femoral artery approach
reduces patient radiation dose [11].

Angiography

Flush aortography is usually not required but can be helpful in patients with abnor-
mal arterial anatomy and in patients undergoing repeat UAE, to identify any col-
lateral blood vessels supplying the fibroid (Fig. 16.2) [4].

The angiographic steps for embolization are as follows:

1. After obtaining femoral artery access, a catheter is negotiated into the contralat-
eral iliac artery.

2. Using oblique and road map views on the contralateral side, the internal iliac
artery is selected.

Fig. 16.2 (a) Left uterine artery angiogram pre-embolization for fibroid. (b) Left uterine artery
angiogram post-embolization for fibroid
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3. The anterior division of the internal iliac artery is located using an ipsilateral
oblique view.

4. A microcatheter is threaded through into the uterine artery. The use of a micro-
catheter is important for the prevention of arteriospasm and to enable effective
free flow-directed embolization.

5. Once adequately positioned, the catheter is used to deploy an embolizing agent
such as polyvinyl alcohol (PVA), Gelfoam, or calibrated trisacryl gelatin micro-
spheres (CTGM) [10].

6. Using one of the angiographic end points (see next section), the uterine artery is
embolized (Fig. 16.2b).

7. In order to produce adequate fibroid infarction, the uterine arteries need to be
embolized bilaterally; therefore, the entire embolization process is then com-
pleted on the ipsilateral uterine artery.

Angiographic Appearance

The uterine arteries are usually hypertrophied, tortuous, and laterally displaced. The
angiographic end point refers to the angiographic sign used to determine when to
cease embolization. There are multiple proposed end points that are currently used,
and the exact end point remains controversial [4]. The common end points used by
interventional radiologists today are:

1. Complete stasis of blood flow in the isolated artery over 5 or 10 cardiac beats.

2. Complete stasis of blood flow in the isolated artery with reflux back along angio-
graphic catheter.

3. A “pruned tree” appearance (abrupt cutoff of multiple arterioles) while forward
flow in the main uterine artery is maintained.

Immediate Complications

Immediate complications of UFE include thromboembolic events, infection,
vascular access injuries, non-target embolization, and periprocedural pain and
can be related to contrast agent use as well as the vascular access procedure [7,
10, 12, 13]. A common complication of UFE within the first 48 h after procedure
is post-embolization syndrome, which is comprised of pelvic pain, nausea,
vomiting, fever, general malaise, and sometimes leukocytosis; it can occur in up
to 34 % of patients [9, 13, 14]. Thromboembolic complications can include
uterine ischemia, uterine necrosis, deep vein thrombosis, pulmonary embolus,
and death [12, 13].

While the goal of UFE is to cause fibroid ischemia and necrosis, ischemia and
necrosis may also occur acutely to the uterus and will often be associated with wors-
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ening pain; acute clinical and MRI follow-up is recommended in these patients [12].
Uterine necrosis is a rare, acute, major complication treated by urgent hysterectomy
in order to prevent sepsis and death in patients [12].

Infectious complications can include endometritis and sepsis and may require
intravenous antibiotics or surgery; differentiation from fever and leukocytosis dur-
ing post-embolization syndrome is difficult; therefore, a high index of suspicion is
required [12]. Death associated with UFE has been reported in the literature, with
causes including pulmonary embolus, uterine necrosis, and sepsis with multiorgan
failure [12]. Non-target embolization may result in soft tissue necrosis [12].

Delayed Complications

Delayed complications for UFE include transient or permanent amenorrhea,
chronic vaginal discharge, and transcervical fibroid expulsion [7, 10]. In some
cases, delayed infection of necrotic dominant fibroids can occur in the weeks or
months following UFE; these infections can result in sepsis and may require myo-
mectomy or hysterectomy [12]. Several studies have assessed pregnancy outcomes
after UAE with or without comparison to alternative treatments and have found
increased risk of spontaneous abortion, malpresentation, and delivery via cesarean
section after UFE [7].

Outcomes

The success of uterine fibroid embolization is determined by assessing the change
in volume of the fibroid as well as the uterus on MRI along with symptomatic
improvement on patient history [7]. Post-procedure MRI imaging is recommended
at 3-month intervals for evaluation of fibroid volume and tissue characteristics on
weighted imaging [10].

Treatment Failure

Treatment failure presents in patients as regrowth of fibroids or residual viable
fibroid on imaging. Failure is defined as reintervention through subsequent hyster-
ectomy, definitive myomectomy, or repeat embolization; it can also present as fail-
ure of symptom improvement at long-term patient follow-up [12]. There are multiple
possible causes of treatment failure in UFE including incomplete embolization of
the uterine artery, arterial spasm, recanalization of the embolized arteries, extensive
non-uterine artery collateral supply, and effects from gonadotropin agonists [12].
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Postpartum Hemorrhage

Definition and Epidemiology

Postpartum hemorrhage (PPH) is the loss of more than 500 mL of blood following
vaginal delivery or more than 1,000 mL of blood following cesarean section. It can
also be defined by a reduction of 10 % or more in the patient’s hematocrit and is
considered an obstetric emergency [10]. Patients experiencing PPH will usually
remain asymptomatic until they have lost more than 2,000 mL of blood, at which
point clinical signs of hypovolemia may be present [15]. PPH is classified by the
temporal relationship of onset with delivery; primary PPH occurs within 24 h of
delivery while secondary PPH occurs between 6 and 12 weeks postpartum period
[16, 17]. PPH occurs in 2-11 % of deliveries [18] and is currently the main world-
wide cause of pregnancy-related death [19]. Maternal death risk from PPH is esti-
mated to be 1 per 1,000 deliveries [20].

Etiology of PPH

The etiologies of PPH can be categorized by whether they result in primary or second-
ary PPH. Causes of primary PPH include uterine atony (loss of uterine muscle tone
resulting in decompression of vessels), genital tract lacerations, abnormal placenta-
tion, uterine rupture, and coagulation defects [21]. Causes of secondary PPH include
subinvolution of placental site (the uterus is unable to return to its normal size),
retained products of conception, infection, and inherited coagulation defects [21].

Preliminary Management

The therapeutic target for patients experiencing PPH is to terminate the bleeding early
enough to prevent end organ damage and/or consumptive coagulopathy [15].
Conservative medical management is the first-line therapy in most cases of PPH and
can include administration of uterotonic drugs such as oxytocin, uterine massage,
uterine packing, transfusion, and correction of coagulopathy [4]. Etiologies of PPH
that necessitate urgent hysterectomy include uterine rupture and uterine inversion [21].

Indications/Contraindications

Image-guided percutaneous embolization should be considered if postpartum hem-
orrhage is caused by uterine atony, uterine tears, or surgical complications from
cesarean section, onset of bleeding in the recovery unit, and bleeding following
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hysterectomy [22]. Studies have also suggested that embolization is a useful adjunct
treatment for patients with refractory PPH [23]. Hysterectomy is commonly
employed to manage PPH; however, this will lead to the patient becoming sterile
and is reserved as a last resort in most cases. Prophylactic and elective embolization
is indicated in cases of placenta accreta known or suspected based on past deliveries
or diagnostic imaging [22].

Procedure

There are some variations in the specific details of the procedure depending on pro-
vider preference; presented here is a common approach to embolization of the uter-
ine artery.

e This procedure is usually performed under conscious sedation with local anes-
thetic at the access site [10].

» Using Seldinger technique, common femoral artery access is obtained under pal-
pation or ultrasound guidance into the right common femoral artery [24].

* A catheter is threaded over the wire through the femoral artery into the distal
abdominal aorta [21].

* Angiography of the uterine arteries is performed bilaterally in order to character-
ize bleeding location and rate prior to embolization [10].

e Threshold for detection of hemorrhage on angiography is contrast medium
extravasation at a rate of more than 1-2 mL/min.

* Bleeding may not be visualized if rate is too slow or intermittent or uterine atony
is the cause [10].

* Previous studies have visualized extravasation in 42 % of cases [25], and empiric
embolization is recommended in cases where patients present clinical signs of
ongoing hemorrhage [21].

e Many embolization agents can be used including polyvinyl alcohol (PVA)
particles, gelatin sponge (Gelfoam), and cyanoacrylate.

* Gelfoam is the preferred embolization agent because vasculature can be recana-
lized several weeks later, while PVA particle and cyanoacrylate embolization are
both more permanent [4, 10].

Outcomes and Complications

The end point for embolization is the absence of contrast medium extravasation on
fluoroscopy if it was visualized on previous fluoroscopy [24]. Overall success rates
of embolization for PPH range from 71.5 to 88.6 % on retrospective reviews of
centers performing the procedure and have been reported as 90.7 % by literature
review [10, 26]. Overall complication rate reported in medical literature varies from
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0to 14.3 % [21]. Major complications are rare and include failure to stop bleeding,
re-intervention (either re-embolization or alternative management including hyster-
ectomy), internal iliac artery perforation, transient fever, transient buttock or foot
ischemia, vaginal or uterine necrosis, and abscess [21, 23, 24].

Placenta Accreta
Definition

Placenta accreta is the abnormal insertion and penetration of placental tissue into the
endometrial lining of the uterus [10]. It is divided into three subtypes depending on
the degree of penetration of placental tissue: placenta accreta vera (placental penetra-
tion into myometrium), placenta increta (deep penetration into myometrium), and
placenta percreta (penetration through serosal layer of uterus and possibly surround-
ing tissues) [27]. This condition may lead to intrapartum and PPH [10].

Epidemiology and Risk Factors

The incidence rate of placenta accreta is estimated to be about 1 per 533 pregnancies
and increases in the incidence rate over the past 20 years attributed to higher rates
of cesarean section [28, 29]. Risk factors for this condition include placenta previa
with previous cesarean section or uterine surgery, maternal age >35 years, higher
number of births (parity), presence of submucous uterine fibroids, history of smok-
ing, and endometrial defects [10, 30]. Reduction in hemorrhage rates and morbidity
during delivery has been shown to occur with early antenatal diagnosis and appro-
priate plan implementation for delivery [31].

Management

Placenta accreta can be managed conservatively (leaving the placenta partially or
completely in situ), surgically via local resection or hysterectomy, or through
endovascular procedures [32]. Conservative management has been associated with
increased risk of hemorrhage and infection, and risk of hysterectomy was deter-
mined to be 58 % within 9 months of delivery [32].

Endovascular management of placenta accreta involves pre- and intra-proce-
dural balloon vessel occlusion and in some cases uterine artery embolization both
as adjunct therapy with hysterectomy and primary therapy [10]. Balloon vessel
occlusion can also be performed at the level of the internal iliac arteries, the com-
mon iliac artery, or the aorta [32].
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Pre- and Intra-balloon Vessel Occlusion Procedure, Qutcomes,
and Complications

Prophylactic balloon occlusion of internal iliac arteries was reported first by Dubois
et al. [33]. The primary goal of balloon vessel occlusion is to minimize bleeding in
the pre-, intra-, and postpartum setting as well as increase the probability of retain-
ing the uterus and placenta for future fertility by reducing the need for cesarean
hysterectomy (Fig. 16.3).

Procedure

The common femoral arteries are accessed bilaterally using a Seldinger technique.
A balloon catheter is placed into the main trunk of the contralateral internal iliac
arteries on each side, with adequate positioning confirmed on angiography during
test inflation of the balloon. Therapeutic inflation of the balloon will occur immedi-
ately after fetal removal and clamping of the umbilical cord.

Outcomes

The literature on outcomes for this procedure is primarily case reports, retrospective
reviews, and case—control studies [34]. Investigated outcomes include amount of
blood loss intraoperatively, amount of blood transfused, length of stay in hospital,
rate of cesarean hysterectomy, and mortality. Only one study shows reduction in the

Fig. 16.3 Bilateral internal
iliac balloon occlusion for
treatment of placenta accreta
imaged intraprocedurally on
fluoroscopy
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amount of blood loss and transfusion requirement while other studies have shown
no benefit, and all studies have shown no effect on the length of stay [34]. No mor-
tality has been reported related to this procedure [34].

Complications

The main complications from this procedure are catheter-related complications
[34]. The complications are reported primarily in individual case reports and include
thromboembolic events leading to acute limb ischemia, vessel pseudoaneurysm,
arterial rupture, and stent placement with or without arterial bypass [34].

Uterine Artery Embolization Procedure and Complications

The first use of embolization as primary therapy for placenta accreta was done by
Mitty et al. [35]. The technical details of uterine artery embolization for placenta
accreta are identical to the procedure for uterine fibroid embolization (Fig. 16.2)
[10]. Complications of embolization are similar to those of uterine fibroid emboli-
zation; however, embolization for placenta accreta increases recurrence risk of
abnormal placental invasion in future pregnancy [10].

UAE Outcomes

Endovascular therapy is primarily an adjunct treatment along with hysterectomy,
local resection, or conservative management of placenta accreta, and the outcome is
dependent on the primary therapy method selected [10]. There have been demon-
strated cases of pregnancy following embolization as primary therapy for placenta
accreta, suggesting that patients considering future pregnancy may benefit from
uterine artery embolization over hysterectomy in some cases [10].

Pelvic Congestion Syndrome (PCS)

Overview

Pelvic congestion syndrome is a common cause of chronic pelvic pain (longer than
6 months) occurring due to congestion of the pelvic veins caused by multiple fac-
tors including absence or insufficiency of ovarian vein valves, external compres-
sion of vasculature, ovarian vessel congestion resulting from acquired inferior
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Fig. 16.4 (a) Dilated and tortuous left gonadal vein—pelvic congestion syndrome. (b) Post-coil
embolization of the left-sided pelvic congestion syndrome

vena cava syndrome, or portal hypertension (Fig. 16.4a) [10]. Pain symptoms of
pelvic congestion syndrome include pain worsening within the premenstrual
period, during pregnancy, and after coitus and exacerbation by fatigue, standing, or
any other cause of increased intra-abdominal pressure [10]. Additional symptoms
include bladder irritability, increased urinary frequency, and a feeling of fullness in
the patient’s legs [10].

Epidemiology

Medical literature suggests estimates of 15 % prevalence of chronic pelvic pain in
women 18-50 years old in the United States and 39 % of all women experiencing
chronic pelvic pain at some point in their lives [4, 36]. Up to 30 % of chronic pelvic
pain is associated only with findings characteristic of pelvic congestion syndrome
[10]. PCS occurs primarily in premenopausal, multiparous women [37].
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Diagnosis and Pre-procedure Imaging

Although pelvic venous insufficiency may be diagnosed as an incidental finding on
abdominopelvic imaging, imaging for patients with pelvic pain is guided by clinical
assessment of patient status and clinical suspicion of PCS as well as the exclusion of
multiple common causes of pelvic pain [10, 38, 39]. Common causes of pelvic pain
that need to be ruled out prior to an exclusive diagnosis of PCS include endometrio-
sis, pelvic inflammatory disease, postoperative adhesions, and uterine fibroids [39].

The imaging modalities that are commonly employed in patients where PCS is sus-
pected are transabdominal and transvaginal duplex ultrasonography, contrast-enhanced
CT scan of abdomen and pelvis, or MRI with pelvic venography for diagnostic confir-
mation [10, 38]. Ovarian vein incompetence is defined as a measured diameter of more
than 8 mm at a point 10 mm from the termination of the vessel, while reflux into venous
plexus is graded using Doppler ultrasound or dynamic MR angiography [38].

Procedure

Catheterization for the procedure is performed using jugular or transfemoral access
based on operator preference [40—42]. After appropriate localization and position-
ing, the primary embolization approach is the placement of endovascular coils in
the right and left ovarian veins bilaterally (Fig. 16.4b) [39]. Some interventionalists
also perform pelvic vein sclerosis using a mixture of 5 % sodium morrhuate and
Gelfoam in addition to coil placement for embolization of pelvic veins [42, 43].

Outcomes

The goals of the ovarian vein embolization are technical success characterized by
pelvic venous stasis measured by contrast medium flow on venography and clinical
success characterized by patient symptom relief on history and examination [39].
Reports in medical literature vary in treatment success from 70 to 100 % of patients
treated [39]. Pelvic pain recurrence rate has not been studied extensively, but
preliminary data shows a recurrence rate of 5 % [44].

Complications

Complications from this procedure are infrequent, occurring in less than 5 % of cases
[45]. Complications include thrombophlebitis, spasm and rupture of ovarian vein,
and aberrant coil embolization through the IVC into the pulmonary arteries [45].
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Inferior Vena Cava (IVC) Filters in Pregnancy

Overview

Venous thromboembolism (VTE) causes substantial mortality in pregnancy [10].
Vitamin K antagonists are teratogenic and side effects are associated with long-term
use of low-molecular-weight heparins [46].

Indications

IVC filters are indicated for pregnant patients with contraindications to medical
anticoagulation therapy who have developed VTE during pregnancy [10]. IVC fil-
ters should not be placed prophylactically, and only provide survival advantage
during periods of acute risk for venous thromboembolic disease, with confirmed
lower limb DVT or with proximal DVTs prior to labor [10, 46].

Procedure and Equipment

The procedure for IVC filter placement in pregnant women is identical to that of
other patients, with the addition of abdominal shielding to minimize radiation dose
delivered to the fetus. A retrievable IVC filter is preferred as placement is acutely
based on VTE risk and should be removed when risk decreases [10]. Retrievable
IVC filters include Gunther Tulip, Optease, Recovery Nitinol, and Cook Celect
[10]. Permanent (Greenfield) IVC filters are not indicated due to high rates of com-
plications including insertion site thrombosis, IVC thrombosis, IVC wall penetra-
tion, filter migration, and postphlebitic syndrome [10].

Complications

Complications for IVC filters in pregnancy are identical to those in nonpregnant
patients and include delayed filter removal, filter tilt, caval wall perforation, filter
damage due to guide wire entanglement, migration of filter, post-thrombotic syn-
drome, and IVC thrombosis or stenosis [10].
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Fig. 16.5 (a) Ultrasound image showing uterine arteriovenous malformation (AVM) following
D&C. (b) Left uterine angiogram confirming uterine AVM

Uterine Arteriovenous Fistula (AVF)

Overview

AVFs are abnormal connections between arteries and veins without a corresponding
set of capillaries. They can be congenital or acquired and can occur in any part of
the body [10]. Uterine AVFs specifically are abnormal communication between
uterine arteries and myometrial veins when acquired or between pelvic arteries and
veins when congenital (Fig. 16.5) [47]. Depending on the etiology, location, and
other patient factors, AVFs may pose life-threatening hemorrhagic risk to patients
[10]. AVFs range from asymptomatic to presenting with severe menorrhagia, and
diagnosis can be made using MRI, hysteroscopy, or arteriogram of the area [10, 48].
Symptoms of uterine AVFs include severe menorrhagia, infertility or recurrent
pregnancy loss, lower abdominal pain, dyspareunia, asymptomatic pulsatile masses
in the pelvis, and anemia secondary to hemorrhage [10, 47].

Etiology and Epidemiology

Uterine AVFs are a very rare condition: reports in medical literature suggest they are
present in 1-4.5 % of patients with pelvic bleeding, while the true incidence is still
unknown [47-50]. Acquired AVFs primarily occur in women of reproductive age
but have been reported in the literature in patients ranging from 18 to 72 years old
[51]. Imaging diagnosis of AVFs is primarily done using color and spectral flow
Doppler ultrasonography; however, it can also be completed using CT or MRI, and
fluoroscopic imaging is still considered gold standard although currently it is pri-
marily used for cases requiring embolization [47, 50]. A list of the causes of
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Table 16.1 Causes of AVFs [10, 47]

Cause Type
Abnormal development of primitive vasculature Congenital
Endometrial carcinoma Acquired
Exposure to diethylstilbestrol Acquired
Gestational trophoblastic disease Acquired
Induced abortion Acquired
Previous uterine surgery (curettage, cesarean section, hysterectomy) Acquired
Removal of intrauterine contraceptive device Acquired
Trauma Acquired

congenital and acquired uterine AVFs is presented in Table 16.1; however, the inci-
dence rate of each etiology is not currently known [10, 47].

Management

The management of AVFs depends on many factors including presentation, severity
of symptoms, hemodynamic stability, and patient characteristics including the
desire to retain future fertility and age [10, 50]. Acutely, the primary management
goal is hemodynamic stabilization and bleeding control using medical measures
including uterine packing, 15-methyl- prostaglandin F,,, estrogen, progestin, meth-
ylergonovine, and danazol [50]. In the past, definitive management for symptomatic
AVFs was hysterectomy with possible internal iliac artery ligation following hemo-
dynamic stabilization [10]. In hemodynamically stable patients with low symptom-
atic burden, observation has been shown to be effective, as over 60 % of AVFs
diagnosed by ultrasound resolved spontaneously in one study [52]. Transcatheter
embolization of AVFs using embolization agents including metallic coils, PVA,
Gelfoam, and N-butyl cyanoacrylate has shown to be appropriate both in urgent and
non-acute setting [50].

Outcomes

Due to the scarcity of data, the majority of outcome information comes from case
series in the literature. Uterine artery embolization has been shown to have a clinical
success rate of 93 % and a technical success rate of 100 % in one study, with long-
term success rate of 79 and 90 % in two additional studies [53-55]. There have been
cases reported in the literature of successful pregnancy following embolization for
uterine AVF; however, more work needs to be done to characterize fertility follow-
ing this procedure [56].
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Complications

Reported complications of transcatheter embolization for uterine AVFs include
non-flow-limiting dissection of internal iliac artery, post-embolic pelvic pain, and
repeat embolization, while suggested longer-term complications include growth
restriction, uterine atony, and uterine rupture [10, 50, 53]. Complication rates in the
literature have been very low, usually at less than 4 % overall [53].

Fallopian Tube Recanalization
Definitions

* Hysterosalpingogram (HSG): the visualization under fluoroscopy of the shape of
the uterine cavity as well as the shape and patency of fallopian tubes through the
injection of radio-opaque contrast.

¢ Selective salpingography (SSG): the use of a radiographic tubal assessment set
(RTAS) to image each fallopian tube separately by threading a catheter to the
utero-tubal junction [57].

* Falloposcopy: the examination of fallopian tubes using a micro-endoscope.

Overview

Selective tubal catheterization has emerged as a treatment for infertility and subfer-
tility in women diagnosed with proximal fallopian tube obstruction. It is performed
by threading a catheter through the uterus and using contrast to image the utero-
tubal junction as well as the flow of contrast through the fallopian tubes. If an
obstruction is observed, an attempt is made to pass the catheter through the obstruc-
tion and reopen the tube. The success rate of this procedure varies depending on the
type of imaging guidance used, and it is one of several treatments that can be used
to manage infertility and subfertility in women. It can be unilateral or bilateral.

Epidemiology

Tubal-related conditions are associated with 25-30 % of female infertility or subfer-
tility worldwide [56]. Of women with tubal-related infertility or subfertility,
10-25 % have proximal obstruction [58]. One challenge with effectively determin-
ing the prevalence of proximal tubal obstruction is the very high rate of
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false-positive rate of diagnosis on HSG compared to selective salpingography or
resected fallopian tubes examined in pathology [57].

Indications/Contraindications

This procedure is indicated in patients with diagnosed proximal tubal obstruction
and clinical signs of infertility or subfertility. In particular, this procedure is of benefit
to patients desiring natural conception in the future [34]. Contraindications for this
procedure include active pelvic infection, contrast allergy, and current pregnancy.

Procedure

This procedure is performed primarily under selective fluoroscopic guidance, hys-
teroscopy, ultrasonography, and falloposcopy [58]. Under imaging guidance, the
patency of the fallopian tubes is assessed by visualizing contrast flow through each
fallopian tube [58]. A catheter is threaded through the obstructed region of the fal-
lopian tube until patency is achieved on imaging [58].

Intra-procedural Imaging Guidance and Procedure Success

One of the main challenges with this procedure is variability in uterine position,
which may decrease the success rate of tubal canalization [4]. Procedure success
may also be affected by uterine malformations and the presence of polyps or uterine
fibroids [4]. The success rate for pregnancy and live birth following recanalization
was shown to be higher in unilateral proximal tubal obstruction (Table 16.2) [58].

Table 16.2 Characterizing the effectiveness of fallopian tube recanalization using different types
of imaging guidance [58, 59]

Mean rate of Mean pregnancy
Type of imaging successful cannulation | rate reported (%) Mean live birth rate
guidance (%) (range) (range) reported (%) (range)
Selective 68 % (31-100 %) 34 % (22-55 %) 32.3 % (32-36 %)
salpingography
Laparoscopy 61.5 % (37-88 %) 35 % (23.5-43 %) 16.7 %

(14.8-23.5 %)

Ultrasonography 84 % (no range) 16 % (no range) NR

Falloposcopy 81.6 % (no range) 29.9 % (no range) NR
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Complications

The main described complications of this procedure are cramping and vaginal
bleeding, both of which are mild and usually self-limiting [4]. More serious compli-
cations include tubal perforation, adnexal infection, and future ectopic pregnancy
[4]. Depending on the type of imaging guidance used, there are risks associated with
ovarian radiation exposure if selective salpingography is used [4]. If the fallopian
tubes become re-occluded, they can be treated with recanalization again [58].
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Chapter 17
Musculoskeletal Intervention

Prasaanthan Gopee-Ramanan

Facet Joint Injection

Clinical Background

Focal lower back pain is seen in spinal facet arthropathy; usually this is seen by
interventional radiologists in the context of chronic pain. Long-standing pain is
often coupled with limited range of spinal motion and pain on paraspinal palpation
often helps localize the affected joint(s). Magnetic resonance imaging (MRI) of the
lower back can be useful for identification after a prolonged period of conservative
management with nonsteroidal anti-inflammatory medications (NSAIDs) and prior
to procedure [1].

Indications/Contraindications

Indications:
¢ Documented or suspected painful facet joint
Contraindications:

¢ Active infections are relative contraindications.
* Coagulopathy.
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Imaging Required

Pre-procedural plain radiographs, computed tomography (CT), or MRI is advisable
to help elucidate anatomy for procedural planning as well as to detect tumors, infec-
tions, fractures, or spinal abnormalities.

Procedure

Pre-procedure

e Chart review is performed and informed consent obtained.

» Patients with allergies to contrast media should be premeditated as per depart-
mental protocol and platelet inhibitors should be held for up to 5-7 days prior to
the procedure.

* The patient is positioned prone on the fluoroscopy table, skin superficial to the
facet joints of interest is thoroughly cleansed with chlorhexidine or iodine solu-
tion, and sterile draping is placed to designate the sterile field.

Procedure

The fluoroscopy tube is aligned parallel to vertebral disks of interest and the end
plates; the tube is obliqued as much as needed to visualize the facet joints of inter-
est. A temporary mark is made on the skin, usually by means of the flat edge of a
needle cap, and local anesthesia is achieved using 1 % lidocaine. A 25-gauge spinal
needle is inserted and advanced into the facet joint under fluoroscopy; entry is con-
firmed usually by sensation at the fingertips. Once placement is confirmed by con-
trast media injection under fluoroscopy, a short Luer-lock extension tube is attached
to the spinal needle hub to inject the steroid mixture, usually 80 mg methylpredniso-
lone acetate in 1 mL together with 1-2 mL of bupivacaine 0.25-0.5 % [2].

Post-procedure
Lower back pain tends to resolve almost immediately (due to the long-acting anes-

thetic), thereby confirming the diagnosis and acting as therapy [2]. Variability in how
long the steroid’s therapeutic effect lasts varies from a few months to 1-2 years [2].

Complications

e There is a difficult targeting of or entry into the facet joint due to significant
osteophytosis.
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Application of steroid anesthetic into the posterior joint capsule is also shown to
be effective if it is the only option [2].
Bleeding and infection are rare complications [2].

Percutaneous Vertebral Augmentation (Vertebroplasty)

Generally, osteoporosis and malignancy can cause collapse of vertebral bodies
resulting in significant pain. If the patient has been unable to receive or has been
unsuccessful at responding to medical therapy (i.e., analgesia and pain manage-
ment), this serves as an indication for percutaneous augmentation of vertebral
height (i.e., vertebroplasty). Percutaneous vertebroplasty is a widely used safe and
effective therapeutic option and entails instillation of bone cement (composition)
under fluoroscopy [3].

Pre-procedure

Contraindications include response in pain to medical therapy, active local or
systemic infection, uncorrectable coagulopathy, and allergy to bone cement
products [4].

Patients are first worked up with history, physical examination, and blood work
assessing coagulation status.

Antiplatelet and anticoagulant therapies are to be held in the week preceding
treatment unless otherwise contraindicated.

MRI imaging is most preferred, namely, the short-inversion-time inversion-
recovery (STIR) sequence to identify the acuity of lesions causing vertebral col-
lapse and subsequent symptoms. If an MR1 is contraindicated, a nuclear medicine
bone scan is acceptable [3].

Prior to the procedure, a neurological exam should be performed to establish a
baseline of neurological status. The procedure involves injection of bone cement,
most commonly polymethyl methacrylate (PMMA), into the vertebral body
under fluoroscopic guidance (see Fig. 17.1).

Post-procedure

Postprocedural care involves application of pressure over the injection site to
achieve hemostasis.

The patient is then kept in a supine position for at least 2 h, after which a neuro-
logical exam is repeated.

Complications include infection, bleeding, transient radiculopathy, cement leak
into the spinal canal, and chemical pulmonary embolus [3].
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Fig. 17.1 Post-vertebroplasty
fluoroscopic image depicting
bone cement within lumbar
vertebral bodies
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Chapter 18
Interventional Oncology

Lazar Milovanovic

Background

With the development of minimally invasive image-guided techniques for the treatment
and management of tumors in the body, interventional oncology has emerged as a
subspecialty of interventional radiology and is now considered the fourth pillar of
cancer care along with surgery, radiation oncology, and medical oncology [1].
Interventional oncology procedures result in less morbidity than surgery and are
lower in toxicity than chemotherapy and radiation [1]. These procedures are meant
to be used as primary therapy or in conjunction with other therapies for optimal
management of cancer or palliation of symptoms in suitable patients.

Tumor Board/Multidisciplinary Rounds

Multidisciplinary rounds are an important part of the patient-centered care model
for managing cancer; they provide a place for diagnostic and treatment clarification
between radiologists, pathologists, medical oncologists, surgeons, and radiation
oncologists. Radiologists currently play a crucial role in the diagnosis and charac-
terization of malignancy, with interventional radiologists often conducting mini-
mally invasive tissue biopsies to collect tissue samples for pathological analysis,
while diagnostic radiologists assess imaging scans in order to characterize end-
stage cancer patients.
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Interventional Oncology Procedures

Early advances in the field of interventional oncology occurred as a result of preliminary
success utilizing transarterial chemoembolization of hepatocellular carcinoma as
salvage treatment following failure of treatment using standard medical, surgical, and
radiation treatments [2]. Currently, interventional oncology procedures include transar-
terial therapies, ablation therapy, and adjuvant therapy such as portal vein embolization
(Table 18.1) [2]. Interventional oncology procedures can be used as primary treatment
options for patients but are more frequently used in combination with conventional ther-
apies to augment treatment and improve outcomes [2]. Table 18.2 contains a summary
of the tiers of interventional oncology procedures and examples of procedures
performed by interventional oncologists at each step of the treatment process.

Role of Imaging in Interventional Oncology

Imaging in interventional oncology is used for pre-procedural treatment planning,
intraprocedural targeting and monitoring, and post-procedural monitoring. Imaging
for interventional oncology prioritizes real-time imaging with decreased scan time

Table 18.1 Interventional oncology procedures [2]

Procedure Condition treated | Indication Outcomes

Intra-arterial Hepatocellular « Patients awaiting e Increased 1, 3, and

therapy (TACE, carcinoma transplantation with low 5 years of survival

DEB TACE, Bland | (HCC) MELD scores over supportive

embolization) e Salvage therapy for therapy [6]
nonsurgical candidates

Percutaneous Liver, lung, and | Primary therapy in ¢ Depends on

ablation (RFA, kidney tumors nonsurgical candidates specific treatment,

cryoablation, with localized disease to RFA most

MWA, IRE) the lung, liver, or kidney established

Risk factors for
survival in HCC
include size of
dominant lesion,
CEA level [2]

¢ Pain palliation for .
painful skeletal
metastases refractory to
alternative treatment

Adjuvant treatment | Hepatic surgery |* Augmentation of size of | Palliative
Portal vein candidates future liver remnant
embolization prior to surgery

Adjuvant treatment | Hepatobiliary or |+ Biliary drainage due to Palliative

Percutaneous
biliary drainage

pancreatic cancer

symptoms of biliary
obstruction secondary to
invasion and/or
compression of ducts by
tumor

TACE transarterial chemoembolization, DEB TACE drug-eluting bead transarterial chemoemboli-
zation, RFA radiofrequency ablation, MWA microwave ablation, /RE irreversible electroporation,
MELD model for end-stage liver disease
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Table 18.2 Tiers of interventional oncology

Goal of intervention Examples of 10 procedures performed by IRs
Tissue diagnosis CT-, US-, or fluoroscopy-guided biopsy
Symptomatic treatment Nephrostomy for obstructive bladder cancer
Palliation Embolization for bleeding renal/bladder cancer
SVC stenting for SVCO
Feeding GI tubes
Pain relief
Supplemental care Port-a-cath placement
Bridge to surgery/chemotherapy TACE for hepatic tumors, colonic stenting
Therapeutic Tumor ablation

10 interventional oncology, CT computed tomography, US ultrasound, SVC superior vena
cava, SVCO superior vena cava obstruction, G/ gastrointestinal, TACE transcatheter arterial
chemoembolization

and reduced radiation dose over diagnostic highest-quality imaging [3]. During
pre-procedural treatment planning, the highest-quality imaging is desired and can
involve both anatomic (computed tomography [CT], magnetic resonance imaging
[MRI]) and physiologic (single-photon emission computed tomography [SPECT],
positron emission tomography [PET]) imaging. Pre-procedure imaging needs to
assess whether the procedure is medically indicated, whether the procedure is tech-
nically feasible, and how to best approach the target for therapy including anatomic
variants and relevant nearby structures.

Current approaches for intraprocedural targeting include the use of CT, fluoros-
copy, MRI, and ultrasound as two-dimensional planar imaging for localization
during treatment. Most of the currently available angio-interventional equipment
offers 3D imaging and targeting of the lesions for various interventions.

For intraprocedural monitoring, an important challenge in interventional oncology
is to assess the adequacy of treatment using parameters known to change as the
procedure is completed. Examples of intraprocedural indicators include blood flow
assessment for post-embolization evaluation, contrast-agent uptake, and magnetic
resonance perfusion among others.

After the procedure is completed, imaging is used periodically to evaluate the
effectiveness of the treatment and determine complications, recurrence, or other
adverse results. Post-procedural imaging focuses on tissue enhancement and nodu-
lar growth on serial imaging.

Current Trends in Interventional Oncology

Interventional oncology is an exciting and growing modality within the field of
oncology [4—7]. Issues with clinical trials in procedural fields such as interventional
oncology. The emergence of increasing evidence for embolization, chemoembolization
and ablative therapy for the treatment of malignant lesions has led to further focused
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research within many different areas of interventional oncology and the utilization of
novel interventional radiology devices and procedures for primary, adjuvant, supportive
and palliative treatment in oncology practices. Clinical trials recently completed and
currently underway focus on characterizing the specific role of interventional oncol-
ogy procedures and their survival rates, morbidity and mortality relative to current
standard therapies [4-7].
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Chapter 19
Peripheral Vascular Intervention

Jason Martin

Clinical Background

Approximately 16 % of the total population of the USA and Western Europe aged
over 55 years have peripheral arterial disease (PAD), with 10-35 % presenting with
classic claudication and 20—40 % having atypical leg pain (Fig. 19.1). Nearly 50 %
are asymptomatic, detectable by their ankle-brachial index (ABI), the ratio of the
highest systolic blood pressure (SBP) in the dorsalis pedis or posterior tibial arteries
in each leg to the highest SBP in the brachial artery.

Risk factors include:

e Age

e African-American or Hispanic ethnicity
e Current or past tobacco use

* Diabetes

* Dyslipidemia

* Hypertension

e Chronic kidney disease

Of the aforementioned, smoking and diabetes represent the greatest risk for the
development and progression of PAD.
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Initial Clinical Presentation
|
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Fig. 19.1 Presentation, evolution, and outcomes in PAD

Differential Diagnosis

Differentiating between different leg pain syndromes can be quite challenging at
times. The major causes include arterial claudication, nerve root compression,
spinal stenosis, hip arthritis, and venous claudication (Fig. 19.2).

Classic Claudication

Claudication is often located in the calf, thigh, hip, or buttock muscles (depending
on the arterial segment involved), with symptoms including cramping, aching, tight-
ness, weakness, burning, or pain, precipitated by a predictable degree of exercise
and relieved by standing within a few minutes.

Nerve Root Compression

Pain caused by nerve root compression often radiates down the leg, usually posteri-
orly, and may follow distribution of classic claudication pain. Onset occurs relatively
close to the onset of exercise and is not quickly relieved. The pain may be present
at rest. Adjusting back position, sitting, or lying down affects the precipitation and
dissipation of pain. Patients often have an accompanying history of back pain.
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Fig. 19.2 Diagnostic workup of PAD

Spinal Stenosis

Spinal stenosis affects the hip, thigh, buttocks, or calf, and motor weakness can be
seen. The distance to reproduce pain is variable, unlike classic claudication. Pain is
relieved only with position change and limiting movement. Spine flexion acceler-
ates recovery, which may take up to 30 min. The pain can be provoked by increased
intra-abdominal pressure.

Hip Arthritis

Pain caused by hip arthritis manifests as an ache, usually in the hip and gluteal
region, which occurs after variable degrees of exercise and may occur with standing
alone. Pain is not quickly relieved and may be improved with avoidance of
weight-bearing.

Venous Claudication

Venous claudication affects the entire leg, but is usually worse in the thigh and
groin. The pain is described as tight and bursting, occurring during walking. Pain is
relieved within 30 min and hastened by leg elevation.
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Anatomy

General Principles

1. Patients with claudication affecting function should undergo revascularization
only after a trial of exercise and pharmacotherapy. Isolated iliac artery stenosis is
the exception to this rule, as revascularization success rates are excellent and
restenosis is low.

2. Inflow (aortoiliac) and outflow (infrapopliteal) should be assessed before attempted
revascularization. Inflow lesions should be revascularized first, followed by outflow
lesions if symptoms persist.

3. Revascularization of CLI with tissue loss should try to provide straight-line
blood flow to the foot.

4. Patients undergoing revascularization should be aggressively managed for car-
diovascular risk factor modification, as myocardial infarction (MI), stroke, and
cardiovascular deaths are very high among these individuals.

5. A foot inspection should be performed at every visit, as it is essential to avoid
foot amputation.

Indications

Two clear indications exist for revascularization in PAD: critical limb ischemia and
claudication that causes functional impairment [1, 2].

Contraindications

No absolute contraindications to using stents in peripheral vessels exist. Renal ins-
ufficiency may limit the ability to use iodinated contrast for the procedure. Carbon
dioxide angiography could be performed in case with renal impairment or allergy to
contrast medium. Pregnancy contraindicates the use of radiation [1, 2].

Specific Revascularization
Iliac Artery Disease [1]

The stenting initial success rate is >90 %, complication rate <2 %, and 5-year
patency about 80 % (Fig. 19.3). Retrospective studies show acceptable rates of pri-
mary patency in lesions TASC A-D (Fig. 19.1) (see later for TASC classifications).
If claudicating symptoms are thought to be due to iliac disease, CT angiography, MR
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Fig. 19.3 (a) Left Common Iliac stent and Right Common Iliac Artery stenosis. (b) Right
Common Iliac Artery stenosis treated by self-expanding stent

angiography, or catheter angiography should be performed with the intent of subse-
quent percutaneous revascularization.

Meta-analysis of six-trials (2,116 patients) comparing PTA versus primary
stenting showed that no statistically significant differences in procedural complica-
tions or 30-day mortality were noted [1]. The stent group showed higher procedural
success rates and superior primary patency at 4-year follow-up [1].

Infrainguinal Disease

The benefit of revascularization is less pronounced relative to aortoiliac disease.
Excellent results can be achieved with short focal lesions. Longer lesions are associ-
ated with lower patency rates over time. Common femoral artery (CFA), superficial
femoral artery (SFA), and popliteal artery are all relatively superficial vessels.
Sitting, standing, and exertion can affect the patency of these superficial vessels
(Fig. 19.4). CFA endarterectomy remains the treatment of choice for CFA lesions
due to the theoretical risk of stent fracture with hip flexion and the potential loss of
a vascular access site. Patency is >80 % at 1 year [2, 3].

Balloon Angioplasty Versus Stenting of SFA

Balloon angioplasty offers excellent technical success rates, but higher restenosis
rates compared to other vascular beds [4-7]. Since balloon-expandable stents are
deformed by compression, their use in SFA has been replaced by self-expandable
nitinol stents. In short lesions (<5 cm), balloon angioplasty and provisional stenting
should be used, and in large lesions (>5 cm), primary stenting is a reasonable choice.
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Fig. 19.4 (a) Superficial Femoral Artery occlusion. (b) Post-angioplasty and stenting of occluded
Superficial Femoral Artery

Stent fracture has been linked with early restenosis and occlusion [4]. The highest
rate of stent fracture occurs with the use of multiple overlapping long stents, while
single short stents have the lowest likelihood of stent fracture [5-7].

Tibial and Peroneal Disease

Unlikely to be the sole cause of functional claudication, tibial and peroneal disease
rarely occurs in isolation. Technical success and patency are reduced, and compli-
cations are more common compared to more proximal interventions. Symptoms
usually improve with inflow revascularization, eliminating the need for below-
knee intervention. An exception is intervention for ischemic ulcers, where the
goal is straight-line blood flow to the foot. Stenting has been shown to have
improved patency compared to balloon angioplasty, but reductions in clinical
outcomes such as mortality, limb salvage, and other morbidities have not been
demonstrated [4-7].
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Type Alesions /\

» Unilateral or bilateral stenoses of CIA
+ Unilateral or bilateral single short (s3 cm) stenosis of EIA

Type B lesions:

+ Short (s3cm) stenosis of infrarenal aorta

« Unilateral CIA occlusion

+ Single or multiple stenosis totaling 3-10 cm involving the
EIA not extending into the CFA

+ Unilateral EIA occlusion not involving the origins of
internal iliac or CFA

Type C lesions
« Bilateral CIA occlusions /\
« Bilateral EIA stenoses 3—-10 cm long not extending into

the CFA

Unilateral EIA stenosis extending into the CFA

+ Unilateral EIA occlusion that involves the origins of
internal iliac and/or CFA

« Heavily calcified unilateral EIA occlusion with or without
involvement of origins of internal iliac and/or CFA

Type D lesions

J L
« Infra-renal aortoiliac occlusion
- Diffuse disease involving the aorta and both iliac arteries
requiring treatment A /\
- Diffuse multiple stenoses involving the unilateral CIA,
EIA, and CFA / \ / \ /
« Unilateral occlusions of both CIA and EIA _, I_

« Bilateral occlusions of EIA
« lliac stenoses in patients with AAA requiring treatment

and not amenable to endograft placement or other
lesions requiring open aortic or iliac surgery /\\ /\\ /\

Fig. 19.5 TASC II classification of aortoiliac peripheral arterial disease

Classification

The classification of vascular disease is based on the Trans-Atlantic Inter Society
Consensus (TASC) document on the management of peripheral arterial disease
(Figs. 19.5 and 19.6 [8]).
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Type A Lesions
« Single Stenosis <10 cm in Length
« Single Oclusion <5 ¢m in Length

N 2l

Type B Lesions
 Multiple Lesions (Stenoses or Occlusions),
Each <5 cm
* Single Stenosis or Occlusions s15 ¢cm
Not Involving the Infrageniculate Popliteal Artery
« Single or Multiple Lesions in the Absence
of continuous Tibial Vessels to Improve Inflow
for a Distal Bypass ,‘ r I\
« Heavily Calcified Occlusion <5 cm in Length N /1 /1
« Single Popliteal Stenosis

Type C Lesions
» Multiple Stenoses or Occlusions Totaling >15 cm
With or Without Heavy Calcification
* Recurrent Stenoses or Occlusions That Need
Treatment After 2 Endovascular Interventions N l\

Type D Lesions

« Chronic Total Occlusions of CFA or SFA
(>20 c¢m, Involving the Popliteal Artery)

 Chronic Total Occlusion of Popliteal Artery
and Proximal Trifurcation Vessels

IR

Fig. 19.6 TASC II classification of femoropopliteal peripheral arterial disease

Procedure

Please refer to the chapter on arterial access (Chap. 8) for an overview of the
Seldinger technique.

Vascular access is achieved using an 18-gauge needle or Micropuncture Kit.
An aortogram is performed to assess for adequate flow, as well as areas of specific
stenosis (Fig. 19.7). A guide wire is used to cross the lesion of concern. The wire
must be long enough to accommodate the shaft length of the stent device. Choose
the right size sheath to allow the insertion of the balloon catheter or stent deploy-
ment system as recommended by the manufacturer.

If angioplasty is initially performed, a balloon is placed across the lesion and
inflated for 1-2 min, without exceeding the vessel diameter. Residual stenosis >30-
40 % or flow-limiting intimal dissection prompts the placement of a stent. Balloon-
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Fig. 19.7 Aortogram with
catheter in distal abdominal
aorta

expandable stents must match the vessel diameter, but self-expandable stents may
be upsized to maintain radial force on the vessel wall. Predilation with a smaller
balloon can help pass the stent device, as balloon-expandable stents are more rigid
and less trackable than self-expanding stents.

The length of the stent should cover the length of the lesion. If multiple stents are
required, 1-2 cm of overlap should be used and stents placed distally first then
extending proximally.

Angiography is performed to assess the result of the intervention, and distal
imaging is useful to rule out embolization following the intervention.

Complications

Complications include:

¢ Bleeding (hematoma or pseudoaneurysm) at the puncture site
¢ Infection

* Dissection of vessel

* Contrast nephropathy

* Distal embolization
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¢ Stent fracture

¢ In-stent thrombosis or restenosis
e Arterial rupture

e Arterial spasm

Outcomes

Femoropopliteal Stenting Versus PTA

Variables associated with favorable femoropopliteal PTA include claudication, non-
diabetic patients, proximal short lesions, good distal runoff, lack of residual stenosis
on post-PTA angiogram, and ABI improvement by >0.1 [9-11].

Primary patency rates for femoropopliteal PTA are 47-86 % at 1 year, 42-60 %
at 3 years, and 41-58 % at 5 years [9-16]. For femoropopliteal stenting, patency
rates are 22-86 % at 1 year and 18-72 % at 3 years [17-19].

The literature surrounding drug-eluting stents in the femoropopliteal artery
is still developing. The 18-month results from the SIROCCO trial showed no reste-
nosis in the slow-release sirolimus-eluting stent group, compared to the rates of
33 and 30 % in the rapid drug-eluting stent group and uncoated stent group, respec-
tively [20].

Iliac Artery PTA Versus Stenting

For iliac artery PTA, the technical and initial clinical success is >90 %, and 5-year
patency rates range between 54 and 92 % [12, 21-26]. Stenting of iliac arteries
provides a 3-year patency rate of 41-92 % for stenoses and 64-85 % for occlu-
sions [27-45]. Stents do appear to improve the results of iliac PTA without an
increased complication rate. Factors associated with decreased patency rates
include poor quality of runoff vessels, severity of ischemia, and extended length
of diseased segments [12, 21-44].

Infrapopliteal Stenting Versus PTA

PTA is mainly used in the setting of critical limb ischemia. Clinical success is more
important than angiographic improvement as collateral flow may be enough to pre-
serve tissue perfusion if there is no subsequent injury (Fig. 19.8 [46]). The primary
patency rate for PTA in infrapopliteal vessels ranges from 40 to 81 % at 1 year and
78 % at 2 years [47-50]. Limb salvage rate is higher at 77-89 % at 1 year [47-50].
The presence of diabetes and renal failure are risk factors for limb loss in this setting
[47,51].
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100 A
90 -
80 -
70 -
M 1 Year Patency Rate
60 -
M 2 Year Patency Rate
50 -
3 Year Patency Rate
40 A M 4 Year Patency Rate
30 - M 5 Year Patency Rate
20
10 -
0 = T T

TASCII A TASCII B TASCII C TASCIID

Fig. 19.8 Femoropopliteal intervention. Primary potency among TASC II classifications. Retros-
pective study involving 639 limbs in 511 patients using self-expanding nitinol stents [46]

Intimal Hyperplasia

Vascular injury after intraluminal manipulation results in the thickening of the
tunica intima of a blood vessel—intimal hyperplasia (IH). This contributes to a high
rate of restenosis in diffuse segmental stenoses or when multiple stents are placed
[17, 52]. Animal studies reveal that slow flow promotes thrombus deposition as well
as more pronounced IH [53, 54]. The rate of IH is related to the caliber of arteries
as well. Surface thrombus reduces the effective circulation in smaller arteries more
markedly, leading to increased restenosis rates in smaller caliber arteries. When this
hypothesis was studied, stent restenosis rates were found to increase with decreased
vessel caliber: 4 % in the proximal SFA, 10 % in the mid-segment of the SFA, and
>18 % in the distal SFA [52]. Metal stents used were made smaller to minimize
restenosis through improvements in mesh design [55].

Several interventions or modifications are currently being explored to improve
rates of IH. Modifications of the polymer cover of stent grafts may improve patency.
Graft pore size modifications and Dacron or PTFE-covered stent grafts are also being
explored [56-58]. Stents with drug carrier systems to inhibit [H are also being inves-
tigated. The SIROCCO study examines a self-expanding nitinol stent coated with a
polymer containing sirolimus (a lactone with immunosuppressive activity) [59].
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