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FOREWORD

The field of interventional radiology continues to grow and to change. The scope of care provided by this
critical medical discipline has advanced rapidly over the quarter of a century since the very first edition of this
Handbook in 1989. There are few other disciplines that have changed so much in this brief amount of time.
The scope of this change is represented by the table of contents that has expanded to over 100 chapters, and
more important, the Handbook continues to emphasize not only procedures that have been described in
previous editions but also the important expanding roles of endovascular and nonvascular interventional
therapies for a multitude of disease states. Reflecting changes in the health care system, important chapters on
quality assurance and improvement, risk management, as well as safety—including radiation and infection
control—have been included.

More important, discussions on the clinical practice of interventional radiology are addressed, including
organizational and operational issues, nursing management, and the practical use and management of
pharmacologic therapies.

It is hard to imagine how the Handbook of Interventional Radiologic Procedures could possibly improve
over prior editions. Since its initial publication, this Handbook has become an essential reference for
interventionalists at all levels of experience. It will undoubtedly be essential for residents and fellows during
their training and should remain an important reference for practitioners who will benefit from the valuable
practical information contained in this volume.

The field of interventional radiology continues to evolve as both a clinical and a procedural discipline.
The challenges of creating a comprehensive handbook of practical information in a volume that can actually
be carried around has become more difficult. Yet the editors and authors have amassed a volume that is brisk
and focused in style, extremely well organized and catalogued to make it easy for the reader to get critical
information when necessary in the treatment of specific patients. This handbook is a tool in the hands of
interventionalists which is as helpful as any of the devices that may be used in specific procedures. In keeping
with the times, an updated electronic version for handheld devices is once again provided.

I’m certain that the fifth edition of the Handbook of Interventional Radiologic Procedures will become an
indispensable tool and resource in the lab coat of all interventional radiologists and staff performing these
procedures. I know it will for me.

Barry T. Katzen, MD
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PREFACE

From inability to let well alone; from too much zeal for the new and contempt for what is old; from putting
knowledge before wisdom, science before art, and cleverness before common sense, from treating patients as
cases, and from making the cure of the disease more grievous than the endurance of the same, Good Lord,
deliver us.

Sir Robert Hutchinson

Correspondence regarding modern treatment in the British Medical Journal, March 12, 1953, p. 671.

Interventional radiology remains a vibrant field with evolving and rapidly growing applications due in large part of the ingenuity and
creativity of its practitioners. Although it is true that medical necessity may have mothered many inventions, scientific advances and
competitive pressures have also done much to motivate this innovational spirit. Future success will depend not only on a continued proactive
“innovational” attitude but, more importantly, also on embracing the clinical management of patients, and staying ahead of unrelenting
competition. Fortunately, the pace of innovations and the specialty’s acquisition of clinical management skills have necessitated a fifth edition
of Handbook of Interventional Radiologic Procedures.

This book should be useful not only for practicing interventional radiologists but also for fellows and residents in training, and for those
seasoned general radiologists who are several years out from formal training but have retained the skills required for performing interventional
procedures. This book will also help interventional nurses and special procedure technologists in performing their own vital tasks more
efficiently by enhancing medical knowledge specific to each procedure.

We realize that there is no single way to perform a procedure and do not mean to imply that the descriptions here are the only appropriate
ones. The intent is to provide a framework that the interventionalist can use and build on as more experience is gained. As in prior editions, each
chapter on procedures has been organized in a consistent outline format to facilitate easy access to specific sections on indications and
contraindications, preprocedure preparation, procedural protocol, postprocedure care, and expected outcomes—all toward improving patient
safety by preventing complications or managing them appropriately when they do occur. This latter information is especially useful while the
procedure is being discussed with the patient before obtaining informed consent. We have—to the best of our ability—corrected mistakes and
oversights from prior editions.

We are eternally grateful to the contributors worldwide for their painstaking efforts in creating what we hope will be another successful
handbook. We thank Dr. Barry Katzen for kindly writing the foreword. We thank Ryan Shaw and Rebeca Barroso of Wolters Kluwer for
guiding us through the process, and most of all for their patience.

K K
LM
J. D.
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IRE Irreversible electroporation

ISAT International Subarachnoid Aneurysm Trial
ISV Internal spermatic vein
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Medical doctor
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Multipurpose shape
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Magnetic resonance

Magnetic resonance angiography
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Magnetic resonance digital subtraction angiography
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Magnetic resonance imaging
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n-Acetyl cysteine

Sodium bicarbonate

North American Symptomatic Carotid Endarterectomy Trial
n-Butyl cyanoacrylate

Noncontrast computed tomography
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National Institutes of Health

National Institutes of Health Stroke Scale

National Institute of Neurological Disorders and Stroke
Kidney Disease Outcomes Quality Initiative

National Lung Screening Trial
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NPH Neutral protamine Hagedorn
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NS Normal saline

NSAID Nonsteroidal anti-inflammatory drug

NSCLC Non—small cell lung cancer

NSF Nephrogenic systemic fibrosis

NTG Nitroglycerin

NYHA New York Heart Association

OD Outer diameter

OP Outpatient

OPSI Overwhelming post-splenectomy infection

OR Operating room

OSA Obstructive sleep apnea

PA Physician’s assistant; pulmonary artery

PACS Picture archiving and communication system
PAD Peripheral arterial disease; pulmonary artery diastolic
PAE Prostate artery embolization

PAP Pulmonary arterial pressure

PARTO Plug-assisted retrograde transvenous obliteration
PAVM Pulmonary arteriovenous malformation

PBD Percutaneous biliary drainage

PCA Patient-controlled analgesia; posterior cerebral artery
PCC Prothrombin complex concentrate

PCDT Pharmacomechanical catheter-directed thrombolysis
PCI Percutaneous coronary intervention

PC-MRA Phase contrast-MRA

PCN Percutaneous nephrostomy

PCORI Patient-Centered Outcomes Research Institute
PCSA Patient-controlled sedation

PCW Pulmonary capillary wedge

PCWP Pulmonary capillary wedge pressure

PD Peritoneal dialysis

PDCA Plan—-Do—Check—Act

PE Peroneal; pulmonary embolism/embolus

PEEP Positive end-expiratory pressure

PEG Polyethylene glycol

PEM Polidocanol endovenous microfoam

PERP Patient entrance reference point

PET Positron emission tomography

PFO Patent foramen ovale

PGA Polyglycolic acid

PGJ Percutaneous gastrojejunostomy

PIAA Physicians Insurers Association of America
PICC Peripherally inserted central catheter

PIOPED Prospective Investigation of Pulmonary Embolism Diagnosis
PJ Percutaneous jejunostomy
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PPH
P-PS
pr
PRBC
PRG
PSA
PSA
PSD
PSV
PT
PTA
PTC
PTD
PTFE
PTRA
PTS
PTT
PTX
PV
PVA
PVC
PVE
PVR
PVS
PVT
QA
qEASL
qid
QISS
QOL
RA
RAO
RAPTURE

Polymethylmethacrylate

Percutaneous mechanical thrombectomy

By mouth

Postpartum hemorrhage

Power-pulse spray

Per rectum

Packed red blood cell

Percutaneous radiologic gastrostomy
Pseudoaneurysm

Prostate specific antigen

Peak skin dose

Peak systolic velocity

Prothrombin time; posterior tibial

Percutaneous transluminal (balloon) angioplasty
Percutaneous transhepatic cholangiography
Percutaneous thrombolytic device
Polytetrafluoroethylene

Percutaneous transluminal renal angioplasty
Postthrombotic syndrome

Partial thromboplastin time

Pneumothorax

Percutaneous vertebroplasty; portal vein/venous
Polyvinyl alcohol

Premature ventricular contraction

Portal vein embolization

Pulmonary vascular resistance; pulse volume recording
Portal vein stenosis

Portal vein thrombosis

Quality assurance

Quantitative European Association for the Study of the Liver
Four times per day

Quiescent interval single shot

Quality of life

Right atrium

Right anterior oblique

Radiofrequency Ablation of Pulmonary Tumors Response Evaluation
Renal artery stenosis

Right bundle branch block

Red blood cell

Root cause analysis

Renal cell carcinoma

Randomized controlled trial

Radiofrequency

Radiofrequency ablation

Right hepatic vein

Renal insufficiency; resistive index

Right internal jugular

Rosch inferior mesenteric
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RN Registered nurse

ROBOT Rotational bidirectional thrombectomy
ROI Region of interest

ROSE Rapid on site evaluation

RPO Right posterior oblique

RR Respiratory rate

RT Respiratory therapist

rt-PA Recombinant tissue plasminogen activator
RV Right ventricle

RVEDP Right ventricular enddiastolic pressure
RVR Renal vein renin

SAH Subarachnoid hemorrhage

SAP Superabsorbent polymer

SBP Systolic blood pressure

SBRT Stereotactic body radiotherapy

SC Subcutaneous; subclavian

SEER Surveillance, Epidemiology, and End Results
SEMS Self-expanding metallic stents

SEV Superficial epigastric vein

SFA Superficial femoral artery

sFLR Standardized future liver remnant

SI Sacroiliac

SICH Symptomatic intracranial hemorrhage

SIN Salpingitis isthmica nodosa

SIR Society of Interventional Radiology

SIRS Systemic inflammatory response syndrome
SK Streptokinase

SMA Superior mesenteric artery

SMV Superior mesenteric vein

SNMMI Society of Nuclear Medicine and Molecular Imaging
SNR Signal-to-noise ratio

SNRB Selective nerve root block

SPACE Stent-supported Percutaneous Angioplasty of the Carotid Artery versus Endarterectomy
SPECT Single-photon emission computed tomography
SPGR Spoiled gradient echo

SPN Solitary pulmonary nodules

SQ Subcutaneous

SSFP Steady state free precession

SSFSE Single-shot fast spin echo

SSI Surgical site infection

SSv Short saphenous vein

STIR Short T1 inversion recovery

STS Sodium tetradecyl sulfate

SUV Standardized uptake value

SvC Superior vena cava

SVR Systemic vascular resistance

SVS Society of Vascular Surgery

SVT Superfical venous thrombosis
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